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Polymers and macromolecules typically act as weak flexible chains in compression, buckling and
coiling like strands of spaghetti. One of the newest carbon allotropes being investigated is the bare
minimum possible molecular structure — a one-dimensional chain of carbon atoms know as carbyne,
consisting of repeating sp-hybridized groups. Clearly, this molecular “rod” or “wire” had potential as
a structural or transport element, and its mechanical behavior is of critical importance. While
exhibiting exemplary mechanical properties in tension (a 1D modulus on the order of 313 nN and a
strength on the order of 11 nN), its use as a structural component at the molecular scale is limited due
to its relative weakness in compression and the immediate onset of buckling under load.

To circumvent this effect, here, we probe the effect of confinement to enhance the mechanical
behavior of carbyne chains in compression. The confinement can be thought of as a virtual carbon
nanotube, where carbyne chains have been observed. This is similar to bracing a column to prevent
buckling at the macroscale. Through full atomistic molecular dynamics (MD), implementing the
quantum-based ReaxFF potential and LAMMPS software, we characterize the mechanical properties
of a free (unconfined chain) and explore the effect of confinement radius (R), free chain length (L)
and temperature (T) on the effective compressive stiffness of the chains. We further define the upper
and lower bounds via axial compression and entropic stiffness theories. We demonstrate that the
stiffness can be tuned over an order of magnitude by geometric control. Confinement may inherently
stabilize the chains, potentially providing a platform for the synthesis of extraordinarily long chains
(tens of nanometers) with variable compressive response. Such control and understanding of
mechanical response is of critical importance if carbnyne is to be introduced in nanoscale devices
and applications.

Keywords: carbon; carbyne; molecular dynamics; confinement; stiffness



4t |nternational Symposium on
Energy Challenges & Mechanics
‘ - working on small scales
' - 11-13 August 2015
’ Aberdeen, Scotland, UK
REVE SRR 5 71 E BRmt i) S AR

John Smith?*, R =2, Z=]ys3

1School of Engineering, University of Aberdeen, Aberdeen AB24 3UE, UK
2Department of Mechanical Science and Engineering, University of Illinois at Urbana-Champaign,
Urbana, IL 61801, USA

Sufa[F] JfTEEA T %, JF 57100084

AFE T T ER SN EH Ry, SRR A RS, LR MEE T SRAL . B
hEATE SR . VRSB PIR AR E* S AR GRS « A EN AT E XS, AFEFAR. 3
FR/NNE T AR ;s AN B AR R R, 982

i 0K A ip SCRGE HILE 2 C . e, iR Eag e # gl eT . fE
ol DL ST SCGE () 3RS, W R B 5E SO A, AR B 18 S L
I SCRIPE . (RS SCRRAR I S, FRiA] e BDh 2 E 2502 3502 [H]

VST B RRUE T1E# . AL AT & UCE BR A 5 B BUR il 22k RAE S WM T 1

REE . WL, MR, S, P (&5 SRR



