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Fig. 1 AFM-based SMFS becomes a

powerful tool in studying the intramolecular and

intermolecular interactions at single-molecule level, leading to new physical insight in

molecular, interfacial and supramolecular structures
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' 2 (a) Schematic setup for measuring the interaction between pyrene and highly oriented pyrolytic graphite ( HOPG) in aqueous medium by

SMEFS; (b) Typical force curves of single pyrene desorbed from graphite substrate (room temperature); (¢) Histogram of the rupture force of the

interaction between pyrene and graphite at a loading rate of 4.0 nN/s; (d) Plot of the most probable rupture force between pyrene and graphite as a

function of the corresponding loading rate in a logarithmical scale
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- 3 (a) Schematic setup for measuring the interaction between Cg and a single porphyrin by SMFS. Cg is connected to the AFM tip through a PEG

chain, whereas PorSAc is immobilized with the defects of the HS—(CH, )¢——OH self-assembled monolayer on a gold substrate; (h) Schematic setup for

measuring the interaction between Cgy and porphyrin tweezers by SMFS. Por,SAc is immobilized with respect to the defects of the HS—(CH, )y—OH

self-assembled monolayer on a gold substrate; (¢) Molecular structures of porphyrin tweezers derivative Por, SAcs porphyrin derivative PorSAc, and Ceo-

PEG: (d) Plot of the most probable unbinding force between Cgy and porphyrin as a function of the corresponding loading rates on a logarithmic scale.
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- 4 (a) Schematic illustration of the force measurement between PEG-Gn (n =1, 2) and the G1-SH monolayer using SMFS; (b) Histograms of
the rupture forces between the PEG-G1 and G1-SH monolayers under a force loading rate of 40 nN/s; (¢) Histograms of the rupture forces between the
PEG-G2 and G1-SH monolayers under a force loading rate of 40 nN/s
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' 5 (a) Schematic setup for measuring the intercalation interactions between acridine and double-stranded DNA (basic sequence 5'-HS-( CH, Jg-
ATC TTG ACT ATG TGG GTG CTA ACT C-3’ and it complementary sequence 5'-GAG TTA GCA CCC ACA TAG TCA AGA T-3") using SMFS; (b)

Plot of the most probable rupture force between acridine and double-stranded DNA as a function of the corresponding loading rate on a logarithmical scale
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DIRECT MEASUREMENTS OF INTERMOLECULAR INTERACTIONS

ZHANG Yiheng, WANG Zhigiang, ZHANG Xi
(Key Lab of Organic Optoelectronics and Molecular Engineering» Department of Chemistry> Tsinghua University, Beijing 100084

Abstract  Atomic force spectroscopy ( AFM )-based single-molecule force spectroscopy ( SMFS) can serve as an
important tool for studying intramolecular and intermolecular interactions at single-molecule level. On the basis of our
recent works this feature article is aimed to introduce how to combine the delicate SMFS with elegant self-assembly
for direct measurements of different intermolecular interactions, including 77 interaction, multivalency and
intercalation interaction. To realize the force measurement of single-molecule ruptures; one of the interacting
components needs to be covalently attached to AFM tip through a flexible polyethylene glycol( PEG) spacer and the
other component to the substrate surface. By the movement of piezo tube; the force-extension curve can be obtained.
The introduction of PEG as a spacer provides a means for differentiating the force signal based on the extension
length as well as for avoiding the disturbance of the non-specific interaction between the AFM tip and the substrate.
In addition, with dynamic force spectroscopys details about the kinetic of the unbinding and information concerning
the length scale of the interaction can be extracted. Therefore, SMES can investigate not only the intermolecular
interactions directly, but also physical insight of the interactions; thus guiding molecular self-assembly.

Keywords Single-molecule force spectroscopys Atomic force spectroscopys Intermolecular interaction



