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Immediate Release

Researchers use nanomaterials to make

2D diamond clusters at room temperature

BROOKLYN, New York, Monday, January 25, 2021 — Atomically thin, 2D hexagonal boron nitride (h-BN)
is a promising material whose protean ability to undergo phase transformations to strong, super
lightweight, chemically stable, oxidation-resistant films makes them ideal for protective coatings,
nanotechnology thermal applications, deep-UV light emitters, and much more.

The possibilities embodied in different polytypes of h-BN include the ultra-hard diamond phase, a cubic
structure (c-BN) with strength and hardness second only to actual carbon diamonds. Key to fabricating
such materials is the ability to induce and control the transformation between their various crystalline
phases, in a way that is efficient and cost effective enough to allow for economies of scale.

While synthesizing such materials in their “bulk” or 3D configurations requires immense pressure and
heat, researchers at the NYU Tandon School of Engineering have discovered that h-BN in layered,
molecule-thin 2D sheets can phase transition to c-BN at room temperature.

In a new study, a team led by Elisa Riedo, Professor of Chemical and Biomolecular Engineering at NYU
Tandon, and in collaboration with Remi Dingreville at the Center for Nanotechnologies at Sandia
National Laboratories, produced experiments and simulations using a nanoscopic tip compressing
atomically thin, 2D h-BN layers to reveal how these room-temperature phase transitions occur and
how to optimize them, partly by varying the number of layers in the h-BN thin film.
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The research, “Pressure-Induced Formation and Mechanical Properties of 2D Diamond Boron Nitride,”
whose authors include Angelo Bongiorno, Professor of Chemistry at the City University of New York;
Filippo Cellini, former post doc in Riedo’s PicoForce Lab at NYU Tandon; Elton Chen of Sandia National
Labs; Ryan L. Hartman, an Associate Professor of Chemical and Biomolecular Engineering at NYU
Tandon; and Francesco Lavini and Filip Popovic, Ph.D. students in Riedo’s lab, appears as the cover
story in the Volume 8, Issue 2 of the journal Advanced Science.

“When BN is in the diamond phase, hardness and stiffness increase dramatically, and is, in fact, nearly
as hard as a traditional carbon diamond with an improved thermal and chemical stability,” said Riedo,
“But it cannot normally be found in nature. Formation of cubic boron nitride must be performed in a
lab. So we set out to explore the physics and understanding of phase transition from hexagonal to
cubic boron nitride in the special case of films that are atomically thin.”

Lavini explained that the work involved application of pressure to atomically thin h-BN films with a
number of atomic layers from one to ten, using an atomic force microscope (AFM). To test the extent
of the phase transition from hexagonal to cubic crystalline structure, the AFM nanoscopic tip probe
simultaneously applies pressure and measures the material elasticity.

“A high degree of stiffness demonstrates the phase transition to diamond crystal structure. This is
critical because it was not clear before that phase transition could even occur at room temperature,”
he explained. “Because the whole physics of phase transitions is different in a 2D ‘universe’ we are
discovering and redefining some fundamental materials rules. In this state, for example, the energy
barrier to transforming from hexagonal to cubic phase is much smaller.”

The experiments and simulations also revealed the optimal thickness to achieve the transition to c-BN:
the researchers observed no phase transformation whatsoever in mono-layer h-BN films, while bi-layer
and tri-layer films showed 50% increase in stiffness when pressure was applied by the nanoscopic tip, a
proxy for the h-BN-to-c-BN phase transition. Above three layers, the researchers observed a
diminishing degree of diamond phase transition.

Through simulations — described in the study — the collaborators also discovered heterogeneity in the
phase transition: instead of spontaneous change to c-BN occurring evenly under pressure, they found
that diamonds formed in clusters, and expanded. They also observed that the larger the number of
layers of h-BN, the smaller the number of diamond clusters.

Riedo explained that the benefits of 2D BN diamonds over 2D carbon diamond (also known as
diamene) are adaptability and potential economies of fabrication. “Recently we discovered that it is
possible to induce diamene formation from graphene, however, specific types of substrates or
chemicals are required, while h-BN can form diamonds on any substrate in ambient atmosphere. In
general, it is really exciting the discovery of exceptional new properties in pressure-induced diamond
phases in 2D materials” she said.

Riedo said the next phase will turn to applied research, with more large-scale experiments on
mechanical resistance for specific applications.

The work is funded by the U.S. Department of Energy and the Army Research Office.
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About the New York University Tandon School of Engineering

The NYU Tandon School of Engineering dates to 1854, the founding date for both the New York
University School of Civil Engineering and Architecture and the Brooklyn Collegiate and Polytechnic
Institute. A January 2014 merger created a comprehensive school of education and research in
engineering and applied sciences as part of a global university, with close connections to engineering
programs at NYU Abu Dhabi and NYU Shanghai. NYU Tandon is rooted in a vibrant tradition of
entrepreneurship, intellectual curiosity, and innovative solutions to humanity’s most pressing global
challenges. Research at Tandon focuses on vital intersections between communications/IT,
cybersecurity, and data science/Al/robotics systems and tools and critical areas of society that they
influence, including emerging media, health, sustainability, and urban living. We believe diversity is
integral to excellence, and are creating a vibrant, inclusive, and equitable environment for all of our
students, faculty and staff. For more information, visit engineering.nyu.edu.
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