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Graphene-adsorbate van der Waals bonding
memory inspires 'smart’' graphene sensors

July 16 2020

(b) Zero Electric field

Charge-transfer-dominated vdW Interaction

(c) With Electric field

Carrier scattering dominated vdW Interaction

(a) Adsorbed CO2 molecules on graphene sensor (b) van der Waals (vdW)
interaction between adsorbed molecules and graphene at zero electric field (c)
vdW interaction between adsorbed molecules and graphene with electric field.
Credit: JAIST

Monolayer graphene, an atomic-layer thick sheet of carbon, has found
immense applications in diverse fields including chemical sensors and
detecting single molecule adsorption events electronically. Therefore,
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monitoring physisorbed molecule induced changes of the electrical
response of graphene has become ubiquitous in graphene based sensors.
Electric field tuning of the physisorbed molecule-graphene interaction
results in enhanced gas sensing due to unique electric field dependent
charge-transfer between the adsorbed gas and graphene. Molecular
identification in graphene sensors was predicted based on this unique
electrically tunable charge-transfer, which is a signature for different
adsorbed molecules.

Nevertheless, to achieve molecular identification functionality in
graphene sensors, an understanding of the gas adsorption/desorption
events and retention of the graphene-gas molecule interaction after
turning off the electric field is desired. Until now, the graphene-gas
molecule bonding interactions were considered randomized by ambience
thermal energy after the electric field is turned off, which is not
surprising since these interactions are van der Waals (vdW) bonding and
so inherently weak. Nevertheless, this assumed thermal randomization of
the graphene-gas molecule vdW bonding was unverified experimentally
and a major drawback towards electrically tunable charge-transfer based
molecular identification in graphene gas sensors.

To clarify the bonding retention of adsorbed gas molecules on graphene
with and without electric field tuning, Osazuwa Gabriel Agbonlahor
(current doctoral student), Tomonori Imamura (graduated master's
student), Dr. Manoharan Murugananthan (Senior Lecturer), and
Professor Hiroshi Mizuta of Mizuta Laboratory at the Japan Advanced
Institute of Science and Technology (JAIST) monitored the time-
dependent vdW interaction decay of adsorbed CO, molecules on
graphene at different electric fields. Using the electric field to tune the
interaction between the adsorbed gas and graphene, the charge-transfer
between the adsorbed CO, molecules and graphene was monitored while
the tuning electric field was turned on and after it was turned off.
Remarkably, the graphene-gas molecule van der Waals interactions were
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retained hours after the electric field was turned off, demonstrating both
charge-transfer and carrier scattering retention characteristic of the
previously applied electric field magnitude and direction 1.e. the
adsorbed CO, molecules demonstrated a 'vdW bonding memory'.

Due to this bonding memory, the charge-transfer and scattering
properties of the adsorbed gas molecules on graphene can be studied
hours after the electric field is turned off which is critical for identifying
adsorbed molecules based on their signature charge-transfer response to
an applied electric field. Furthermore, the long bonding retention time
(over 2h) of these electrically tuned adsorbed molecules, sets graphene-
based sensors apart as platforms for developing 'smart' sensors suitable
for 'beyond-sensing' applications in memory devices and conformational
switches.

More information: Osazuwa G. Agbonlahor et al, Adsorbed
Molecules as Interchangeable Dopants and Scatterers with a Van der
Waals Bonding Memory in Graphene Sensors, ACS Sensors (2020). DOI:
10.1021/acssensors.0c00403
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