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Figure 1 (a) Major reaction pathways for 4,4"-dibromo-meta-terphenyl (DMTP) on Cu(110) and Cu(111) surfaces. (b) Overview STM image
obtained after deposition of DMTP onto Cu(111) held at 550 K [47]. (c) Magnified view of a hyperbenzene island. (d) Magnified view of
oligophenylene chains. (¢) Overview STM image obtained after deposition of 0.84 ML DMTP onto Cu(110) held at 383 K and subsequent annealing to
458 K [48]. (f) Zoom-in STM image of green framed region in (e) (color online).
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Figure 2 (a) Reaction of 4',6’-dibromo-meta-terphenyl (DBMTP) 1
into the dimer 5',5"-diphenyl-meta-quaterphenyl biradical (DMQBR) 2.
(b) Reaction of 3',5'-dibromo-otho-terphenyl (DBOTP) 3 into the trimer
2,3,6,7,10,11-hexaphenyl-triphenylene (HPTP) 4. Further cyclodehy-
drogenation of 4 leads to the formation of hexabenzo[a,c,k,m,u,w]
trinaphthylene (HBTN) 5. (c) STM image obtained after deposition of a
submonolayer of DBMTP onto Cu(l1l) at 300K, followed by
annealing to 400 K. (d) STM image obtained after annealing the sample
in (c) to 440K. (e) STM image obtained after deposition of a
submonolayer of DBOTP onto Cu(111) at <100 K. (f) STM image
obtained after deposition of a submonolayer of DBOTP onto Cu(111)
held at 430 K, followed by annealing to 500 K [49] (color online).
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Figure 3 (a) Overview STM image taken after deposition of 0.22 ML
DMTP onto Cu(110)-(2x1)O held at 383 K. (b) Zoom-in STM image of
the blue-framed region in panel (a). The panels (c—f) show the
magnified view of organometallic species formed on the sample in
panel (a). The corresponding molecular models are shown in (g—j). (c,
g) Section of trapezoid-wavelike oligomeric chains (MTP-Cu)y,. (d, h)
Tetramer (MTP-Cu),. (e, i) Rotated tetramer (MTP-Cu),. (f, j) Hexamer
(MTP-Cu),. Black spheres represent carbon atoms; white, hydrogen;
blue, bromine; red, oxygen; coppery, copper atom [53] (color online).
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Figure 4 (a) Possible dehydrocyclization and coupling reaction
pathways of 4,4'-bis(2,6-difluoropyridin-4-yl)-1,1":4,1"-terphenyl
(BDFPTP) on Au(111). (b) STM image of disordered structure formed
by rapid annealing up to 500 K. (¢) STM image of ordered assembly
structure formed by long-time annealing at 500 K. (d) STM image of
reaction products from structure (b) at 520 K. (¢) STM image of
reaction products from structure (c) at 520 K [54] (color online).
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Figure 5 (a) Overview STM image obtained after deposition of 0.7
ML BPBE molecules onto Ag(111) held at 420 K. (b) Zoom-in STM
image of an area that contains the main products. (c) Statistical analysis
of the different products after deposition of 0.7 ML BPBE molecules
onto Ag(111) held at 420 K. (d) STM image of the sample prepared by
deposition of 0.6 ML EBP onto Ag(111) held at RT. The inset of (d)
shows the chemical structure of the EBP molecule. (e) STM image of
the sample prepared by deposition of 0.6 ML EBP onto Ag(111) held at
500 K. (f) The chemical structure of the main products shown in (e) [12]
(color online).
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Application of confinement effects in on-surface chemistry
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Abstract: Fabrication of different functionalized nanostructures by on-surface “bottom-up” approach has drawn much
attention in recent years. In order to realize a controllable synthesis of target nanostructures, well-designed precursors,
suitable substrates and proper experiment conditions have to be selected. Particularly, some special surface-based
confinement effects have been utilized for steering on-surface reactions. In this feature article, combined studies from
our group, we summarize recent studies of different kinds of confinement effects in surface chemistry, which includes
four aspects: (1) controlling the species of products through adsorbate-substrate symmetry matching; (2) steering on-
surface reaction through a steric-hindrance effect of precursors; (3) control of the dimensions and morphologies of the
products by employing super-gratings templates; (4) steering on-surface reaction by self-assembly approaches.
Furthermore, we provide a short outlook for precise on-surface synthesis through two-dimensional confinement effects
at the end.

Keywords: on-surface synthesis, confinement effect, low-dimensional nanostructure, reaction control, scanning
tunneling microscopy
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