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Fig. 1. Experimental observation of thermal mirror buck-

ling. Constant-current feedback-on, Z(V) data sets on sus-
pended graphene acquired using the labeled setpoint cur-
rents. The 4.0-nA curve (black) shows the mirror buckling

phenomenon/?2.
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Fig. 2. Schematics of the CGMD model. The black dots in-
dicate carbon atoms in the all-atom model. The blue dots
indicate beads in the CGMD model. The region marked
with rad dotted lines express a typical equivalent mode

with carbon atoms and beads.
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Table 1. Parameters of the CGMD model force
field.
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Fig. 3. Diagrams of CGMD graphene models, where the yellow region is located in the center: (a) Initial state; (b) concave region in

the center.
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Fig. 4. Curve of the out-of-plane heights in the center re-
gion of the graphene via the time calculated by CGMD.
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Fig. 5. Diagram of the fan-shaped cross section of a
graphene membrane.
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Fig. 6. Diagrams of graphene membranes and loading forms:

(a) The mechanical load form and boundary conditions;

(b) the thermal load form and boundary conditions.
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Table 2. Depth-span ratios and the magnitudes of

mechanical and thermal loadings.

REESLEA /% HUBERAT I/ (10 3 nN) AR5 K/ /K

1 2.5 1.086 3
2 5 -2.171 50
3 7.5 -3.256 100
4 10 —4.341 150
5 20 -5.427 200
6 30 -6.512 250
7 — 7.599 300
8 — -10.86 350
9 — — 400
10 — — 450
11 — — 500
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Fig. 7. Maximum dimensionless deflections of the fan-

shaped cross-sections of graphene membranes versus the

mechanical force.
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Fig. 8. Cross-sectional profiles of maximum dimensionless deflections for the fan-shaped cross-sections of graphene membranes with
the four typical depth-span ratio under different mechanical force: (a) A = 2.5%; (b) A = 5%; (c) A = 10%; (d) A = 20%.
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Fig. 9. Maximum dimensionless deflections of the fan-
shaped cross-sections of graphene membranes versus the

temperature.
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the four typical depth-span ratio at different temperature: (a) A = 2.5%; (b) A = 5%; (c) A = 10%; (d) X = 20%.
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Fig. 11. Role of strain on ripple dynamics at 3000 K.
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Mirror buckling analysis of freestanding graphene membranes
by coarse-grained molecular dynamics method”
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Abstract

Up to now, the analysis has rarely been conducted of thermal-mechanical mirror buckling behavior of
freestanding graphene membranes discovered in scan tunneling microscope experiments. One of the potential
applications of the out-of-plane deformational behavior of graphene membranes is energy harvesting system.
Whether in the experiments or for energy harvesting systems, the size of graphene membrane needs to be down
to micron scale. According to previous researches, traditional molecular dynamics method is a suitable method
to characterize nano-scale mirror buckling. However, owing to the limit of algorithm, when dealing with micro
size model by molecular dynamics method, two problems arise: low computational efficiency and too long
calculation time. Therefore, for analyzing the mirror buckling of micro size graphene membranes, the coarse-
grained molecular dynamics method is utilized in this work. Graphene membranes with a fan-shaped cross
section and various depth-span ratios are under mechanical or thermal loads. Effects of each factor on the
mirror buckling are investigated. The calculations indicate that for graphene membranes with various depth-
span ratios under mechanical load mirror buckling can be observed. And the critical loading increases with the
depth-span ratio increasing. Under thermal load graphene membranes only with low depth-span ratios can
undergo complete flipping phenomenon. For high depth-span ratio graphene, the center height decreases with
temperature rising. However, it is hard to flip over completely. The understanding of the effects of various
factors on the mirror buckling phenomenon of graphene membranes can provide theoretical guidance for

designing the energy harvesting systems.
Keywords: coarse-grained molecular dynamics, mirror buckling, graphene
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