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Abstract Non-contact atomic force microscopy (nc-AFM) with chemical-bond-resolved functionality represents
the most remarkable advance in microscopic characterization, becoming a powerful tool in the characterization of
molecule-related phenomena on surfaces. In this review, we first briefly introduce the core component of nc-AFM ; the
qPlus sensor, and the necessary technique to achieve chemical bond resolved characterization: tip functionalization.
Focusing on the main function of nc-AFM in chemical-bond-resolved imaging, recent advances in this field are
reviewed with an emphasis on the structural determination of natural products and related applications in the area of

on-surface synthesis.
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Fig.1 The development of qPlus sensor. (A) First generation

qPlus sensor' 2’ ; (B) Influence of Long-( blue) and short-range
(red) force on the frequency shift Af as a function of

amplitude AP (C) The improvement and development

of qPlus sensor [34]
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Fig.2 Two types of functionalized tips for chemical bond resolved imaging. (A) CO functionalized tipm ; (B) Criterion for

CO functionalized tip. The STM image ( below) of adsorbed CO shows bright bumps with CO terminated tip, whereas the CO

molecule appear as dark dots with a metal tip in STM image (above) *’; (C) CuO functionalized tip

(39,

(D) Criterion for CuO tip. The contrast of Cu-O strips will shift with CuO functionalized tip[m
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Fig.3 The application of nc-AFM characterization in on-surface synthesis. (A) Schematic illustration of the on-surface reaction
of halogenated perylene diacid anhydride on Au(111); (B) The 4-8-4 rings revealed by chemical bond resolved nc-AFM of
polymerized nanoribbons''”’ ; (C~E) nc-AFM images of on-surface reactions of multi-halogenated perylene derivatives on Au (111),
showing metal-organic intermediates (D) and final armchair graphene ribbons with side chemically bonded metal atoms (E) ;
(F~I) On-surface reactions of the same precursor molecules on Ag(111). Both STM and AFM images reveal the detailed

structure of one-dimensional ribbons (F, G)and two-dimensional networks ( H,I) of metal-organic hybrids, respectively[lg]
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