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Molecular Dynamics Simulation of a Chiral Self-Assembled Structure of
a BIC and HA System on a HOPG Surface Driven by Hydrogen Bonds
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Abstract: 5-(Benzyloxy)-isophthalic acid (BIC) derivatives and heptanol (HA) molecules adsorb on a highly
oriented pyrolytic graphite (HOPG) surface. The surface forms a 2D network structure through weak hydrogen
bond interactions. We used molecular dynamics to simulate this adsorption process and perform quantitative
analysis of the characteristic parameters, such as the structure geometry, amount of energy, and the number,
length and angle of the hydrogen bonds. We compared these results with the experimental result and performed
correlational research on the forming tendency and stability between the hydrogen bonds and the chiral self-
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Fig.1 Scanning tunneling microscopy (STM) images of BIC trimers with HA co-absorbers (a) and
the schematic diagram of CCW (b)/CW (c¢)/trimer

CW: clockwise; CCW: counterclockwise
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Fig.2 Chemical structures of BIC (a) and HA (b)
/R-HA (c)/S-HA (d) molecules
HA: heptanol; R-HA: chiral heptanol of type R;
S-HA: chiral heptanol of type S
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Fig.3 Structural model of CW and CCW networks with R-HA
Top right corner labeled trimer unit.
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Fig.4 Snapshots of morphologies of HA/CW and HA/CCW at different times with molecular dynamics energy equilibrium

and a side view for two structures at 100 ps
(a) snapshots of morphologies of HA/CW and HA/CCW at different time with molecular dynamics energy equilibrium;
(b) a side view for HA/CW at 100 ps; (c) a side view for HA/CCW at 100 ps.
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Fig.5 Snapshots of morphologies of R-HA/CCW at different time with molecular dynamics energy equilibrium
Highlight labeled deformed R-HA.
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Fig.6 Snapshots of morphologies of S-HA/CW and S-HA/CCW at 100 ps with
molecular dynamics energy equilibrium for comparison
Highlight labeled deformed or undeformed S-HA.
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Fig.7 Snapshots of MD simulation of HA/CW at 80 ps
Dotted line labeled hydrogen bonds. color online
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Table 2 Number of hydrogen bonds (V) at
different MD simulation time

N
50ps 60ps 70ps 80ps 90ps 100 ps
HA/CW 55 55 54 55 54 54
HA/CCW 54 54 54 54 56 55
R-HA/CW 54 54 54 54 54 54

Structure

R-HA/CCW 53 53 54 53 52 53
S-HA/CW 55 53 54 52 52 52
S-HA/CCW 54 54 55 54 54 53

R3I RMFRTERZISREFEIIRIKVO
Table 3 Average bond length of hydrogen bonds (/) at
different MD simulation time

I/nm

Structure
50 ps 60 ps 70 ps 80 ps 90 ps 100 ps

HA/CW  0.1730 0.1731 0.1694 0.1712 0.1731 0.1725
HA/CCW  0.1709 0.1704 0.1726 0.1726 0.1765 0.1742
R-HA/CW  0.1756 0.1732  0.1767 0.1726 0.1735 0.1673

R-HA/CCW 0.1780 0.1782 0.1756 0.1776 0.1731 0.1748
S-HA/CW  0.1742  0.1756  0.1773 0.1716 0.1753 0.1735
S-HA/CCW 0.1739 0.1739 0.1798 0.1717 0.1693 0.1713
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Fig.8 Radial distribution functions between O and H
atoms in R-HA/CW and R-HA/CCW at 100 ps
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x4 AMERNTFHSREE, 51K 0.1300-0.1750
nm X8 LS RS HNEURIZXE EHSRFIRK
Table 4 Average number of hydrogen bonds, distribution
ratio and average length of hydrogen bonds between
0.1300—0.1750 nm of six kinds of system

Distribution ratio of

Structure N hydrogen bonds/% //nm Al/nm*
HA/CW 54.50 92.05 0.1682  —0.0001
HA/CCW 54.50 90.21 0.1683
R-HA/CW 54.50 86.92 0.1670  —0.0009
R-HA/CCW  53.00 83.33 0.1679
S-HA/CW 53.00 86.79 0.1687 0.0011
S-HA/CCW  54.00 87.96 0.1676

*difference for the same solvent A(CW-CCW)
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