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Spontaneous spin polarization demonstrated in a two-dimensional material
March 11, 2019

Physicists from the University of Basel have demonstrated spin alignment of free electrons within a two-dimensional material. Writing in the latest
edition of Nature Nanotechnology, they described their observation of spontaneous spin polarization, which cannot occur in ideal two-dimensional
materials according to a well-known theorem from the 1960s.
Two-dimensional materials are the subject of numerous studies. As they are only a few atomic layers thick, they have different physical properties from
their three-dimensional equivalents. Graphene, a single layer of carbon atoms arranged in a honeycomb pattern, promises to deliver entirely new
applications thanks to its notable electronic properties and is the best-known example of this group of innovative materials.
Professor Richard Warburton from the Department of Physics and the Swiss Nanoscience Institute of the University of Basel leads a group studying
two-dimensional materials that are also suitable for optical applications. One particularly promising candidate is a single monolayer of molybdenum
disulfide (MoS2), as this material has a band gap - unlike graphene - and can therefore emit light when excited.
All in the same direction
Now, in the latest analyses of two-dimensional molybdenum disulfide layers, doctoral students Jonas Roch and Nadine Leisgang have made a very
surprising discovery. They filled the MoS2 layer with free electrons and then exposed it to a weak magnetic field.
This caused the intrinsic angular momentum (spin) of all free electrons to point in the same direction, and the spin could be "switched" to the other
direction by reversing the magnetic field. Known as "spontaneous spin polarization," this phenomenon came as a complete surprise because a
theorem from the 1960s rules out spontaneous spin polarization in an ideal two-dimensional material.
"Where does the spin polarization come from? The electrons are interacting with one another, and molybdenum disulfide also exhibits a very weak
spin-orbit coupling. These two factors presumably have a massive influence on the system," explains Jonas Roch. The formulation of the 1966
theorem had assumed an absence of spin-orbit interaction.
"The results show how exciting experimental physics can be, and how we're constantly learning new things about two-dimensional materials," says
Richard Warburton.
-endThe project is supported by the Swiss National Science Foundation, the Swiss Nanoscience Institute, the National Center of Compentence in
Research QSIT, and the PhD school Quantum Computing and Quantum Technology of the Departement of Physics at the University of Basel.
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Related Graphene Articles:
New chemical method could revolutionize graphene
University of Illinois at Chicago scientists have discovered a new chemical method that enables graphene to be incorporated into a wide range of
applications while maintaining its ultra-fast electronics.
Searching beyond graphene for new wonder materials
Graphene, the two-dimensional, ultra lightweight and super-strong carbon film, has been hailed as a wonder material since its discovery in 2004.
New method of characterizing graphene
Scientists have developed a new method of characterizing graphene's properties without applying disruptive electrical contacts, allowing them to
investigate both the resistance and quantum capacitance of graphene and other two-dimensional materials.
Chemically tailored graphene
Graphene is considered as one of the most promising new materials.
Beyond graphene: Advances make reduced graphene oxide electronics feasible
Researchers have developed a technique for converting positively charged (p-type) reduced graphene oxide (rGO) into negatively charged (n-type)
rGO, creating a layered material that can be used to develop rGO-based transistors for use in electronic devices.
The Graphene 2017 Conference connects Barcelona with the international graphene-based industry
This prestigious Conference to be held at the Barcelona International Convention Centre (March 28-31) aims to bring together academia and industry
to integrate new graphene technologies into practical applications.
Graphene from soybeans
A breakthrough by CSIRO-led scientists has made the world's strongest material more commercially viable, thanks to the humble soybean.
First use of graphene to detect cancer cells
By interfacing brain cells onto graphene, researchers at the University of Illinois at Chicago have shown they can differentiate a single hyperactive
cancerous cell from a normal cell, pointing the way to developing a simple, noninvasive tool for early cancer diagnosis.
Development of graphene microwave photodetector

DGIST developed cryogenic microwave photodetector which is able to detect 100,000 times smaller light energy compared to the existing
photedetectors.
Adding hydrogen to graphene
IBS researchers report a fundamental study of how graphene is hydrogenated.
More Graphene News and Graphene Current Events
Related Graphene Reading:

BEST SCIENCE PODCASTS 2019
We have hand picked the best science podcasts for 2019. Sit back and enjoy new science podcasts updated daily from your favorite science news
services and scientists.

Now Playing: TED Radio Hour
Luck, Fortune, And Chance
What makes someone lucky? Can luck be controlled, is it random, or is it based on something else entirely? This hour, TED speakers explore ideas about why some people seem so
much luckier than others. Guests include former professional poker player Liv Boeree, professor of entrepreneurship Tina Seelig, community activist Amy Hunter, journalist Mark Sutcliffe,
and youth services advocate Eshauna Smith.
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Now Playing: Science for the People
#516 The Keys to Skeletons Lost
Until we break a bone or two, we tend not to spend too much time thinking about our bones, where they come from, and how we know what we know about them. Well, today we've got a
bone to pick with our own skeletons. We'll talk with Brian Switek, author of the book "Skeleton Keys: The Secret Life of Bone", about where your skeleton comes from, and how so many
of the skeletons scientists have studied have complicated pasts and uncertain futures.
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