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Abstract:

ZP-graphene, a two-ring carbon allotrope, combines square and pentagonal motifs into a
parent lattice whose nanoribbons have not previously been mapped across edge
terminations. We present a first-principles investigation of ZP-graphene nanoribbons using
the DFT+NEGF methodology, with SIESTA for electronic structure and TranSIESTA for
guantum transport, computing band structures, density of states, and bias-dependent
transmission spectra and current-voltage characteristics for five distinct hydrogen-passivated
ZPGNR terminations. Each device was modeled as a two-probe system, with left electrode,
central scattering region, and right electrode all constructed from the same fully relaxed
ribbon segment, so that the transport response reflects the intrinsic properties of each
termination rather than contact mismatch, and the results are placed in the context of the
broader carbon-nanoribbon literature by comparison with representative hydrogen-
passivated systems from related allotrope families.

Across the five terminations studied, transport behavior spans a remarkably broad and
termination-sensitive landscape. Some edge cuts sustain near-ballistic conduction over an
extended bias window, with transmission close to the maximum allowed per channel and
current-voltage curves that stay close to linear, while others develop pronounced negative
differential resistance, with current peaks followed by sharp drops in conductance as specific
transmission resonances are driven out of alignment with the electrochemical window of the
two electrodes. This range of behavior, from near-ballistic to strongly non-linear, is obtained
from a single parent lattice simply by changing which atoms terminate the ribbon edge,
without any change in ribbon width, doping, or applied gate field. Comparison across
terminations shows that the NDR-active cuts are precisely those whose edge geometry
localizes a transmission resonance close to the Fermi level at zero bias, so that a modest
applied voltage is sufficient to sweep it out of the transport window, while the near-ballistic
terminations instead keep their dominant channel far from any band edge across the whole
bias range studied.

These results place edge termination on equal footing with width and strain as an
independent, purely geometric design parameter for two-ring carbon nanoribbons, and they
show that a single ZP-graphene parent sheet can be cut, without any chemical doping, into
either a near-ballistic interconnect or a room-temperature-relevant negative-differential-
resistance switching element. This termination-selectable duality is a practical route toward



carbon-based resonant-tunneling and logic devices built from a single, synthetically accessible
two-dimensional allotrope, and it narrows the geometric search space that future bottom-up
synthesis of ZP-graphene ribbons would need to target.
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