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Figure 1 Molecular chemical structures involved in assembly in this review. The full names corresponding to the abbreviations of molecular names in

the figure are shown in Table S1
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B 2 HBTY7EHR (heptanoic acid, HA)HOPG /¥ FLifii | i 20256 F1 5 Z Rtk 28 5 1 25 43 JES TMIBME R AR A1) Copyright©2022,
The Royal Society of Chemistry. (a), (b) H,BTY H £H%¢; (c), (d) H,BTY-PDEILZH%; (e), (f) H,BTY-PEBP-C83L4H%E; (g), (h) H,BTY-PEBP-C6-T:4H
X (i), (j) HyBTY-PEBP-C6-I14L2H 2
Figure 2 High-resolution STM images and molecular models of H,BTY self-assembly and co-assembly with various pyridines at the HA/HOPG
solid/liquid interface!®”, Copyright©2022, The Royal Society of Chemistry. (a), (b) HyBTY self-assembly; (c), (d) HyBTY-PDE co-assembly; (e), (f)
H,BTY-PEBP-C8 co-assembly; (g), (h) H{BTY-PEBP-C6-I co-assembly; (i), (j) HyBTY-PEBP-C6-1I co-assembly
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Bl 3 HBHBYEPEM/HOPG [/ FL T I 1 2125 15 2 Rtk i F 2025 6 25 73 B A STMIRUG AN T4, Copyright©2022, The Royal Society of
Chemistry. (a)~(c) HsBHBFJ 1 412; (d)~() HsBHB-BP3EZ%; (2)~(1) HsBHB-BPYBHIPIFIEL1%E; (j)~(1) HsBHB-TPY B34 %

Figure 3 High resolution STM images and molecular models of H;BHB self-assembly and co-assembly with various pyridines at the HA/HOPG
solid/liquid interface[ﬁg], Copyright©2022, The Royal Society of Chemistry. (a)—(c) HsBHB self-assembly; (d)—(f) HsBHB-BP co-assembly; (g)—(i) two
co-assembled structures of HsBHB-BPYB; (j)—(1) HsBHB-TPYB co-assembly
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Bl 4 BICTE1-:R/HOPGIH A S I L-H) 11 L4 5 22 Rl S () S FRL RN 85 3 B9 S TMIEHR B 53 ™, Copyright©2010, American
Chemical Society. (a) BICTE1-¥%/HOPGE/ 5 11 L1y F 21%%; (b), (c) BIC-PBPC12-highlZeHEILALE; (d), (e) PBPCI22 Tl AL H HES |
IYBICT TR (f~(h) BIC-PBPC12-lowy7S R IRILALRE A b 7 [E R [RIBEHES; (i), () PBPCI23F-H A PUSATEHES I I BIC 1A
3 (k)~(n) BIC-PBPCI8RYPIRIZSRIKILLLE; (0), (p) BIC-BPCI8HF A RAKHES Y /37152l

Figure 4 Large scale and high resolution STM images and molecular models of BIC self-assembly and co-assembly with various pyridines at the 1-
octanol/HOPG solid/liquid interface”"’, Copyright©2010, American Chemical Society. (a) BIC self-assembly on the 1-octanoic acid/HOPG interface;
(b), (c) BIC-PBPC12-high linear co-assembly; (d), (¢) the mode of PBPC12 inserting into linear staggered arranged BIC molecules; (f)—(h) BIC-
PBPC12-low hexamer co-assembly and its different orientation in the b-axis direction; (i), (j) the mode of PBPC12 inserting into quadrangle arranged
BIC molecules; (k)—(n) two hexamers co-assembly of BIC-PBPC18; (0), (p) molecular models of two BIC-PBPC18 hexamers co-assembly arrangement
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Bl 5 TPARIFATPATERER/HOPG [/ A 5 2 Ptk g HE2H 28 (25 3 WS TMIEHR A T, (a), (b) TPT-4TPTIEAI%E™, Copyright©2010,
American Chemical Society; (c), (d) FATPA-4TPT:4H%%; (e), (f) FATPA-2TPTIL4H % (g), (h) FATPA-3TPTH:4H %™ Copyright©2020, The Royal

Society of Chemistry

Figure 5 High resolution STM images and molecular models of TPA and FATPA co-assembly with various pyridines at the HA/HOPG solid/liquid
interface. (a), (b) TPT-4TPT co-assemblym, Copyright©2010, American Chemical Society; (c), (d) FATPA-4TPT co-assembly; (e), (f) FATPA-2TPT co-
assembly; (g), (h) FATPA-3TPT co-assembly”ﬂ, Copyright©2020, The Royal Society of Chemistry

2TPTHFIIMANIET25 T O-H - NFHEAEH, #ish
fIC-H---O=FIC-H---FAHE A AT Bh TR e 450 (&
5(e), (). 3TPTIEAZHAZARNT LA B 450 52TPT
AL, R T EA R O—H- - NA H AR RS0 Rk
fk, 3TPTZSrFs BAb Tk = HXFRM L (K5(g), (h)).
FAL AT DL AR R R o TR TR H A3 TR, BR
JAN AL B 120 T F 42, (H e e 3 LZH 43
2877 T B T A ),

Wk S —Fp HOC ALY, A AN
M, Hh— A B X A T, R LAY AU
PR, kMR E 1A (R FRBR V7 AE T RETE BUN-H- - O
S, FEORFRZERB, XX R R T
wi HAZ. BCDTDA H 4 M AN 2518 ([516(a)), —
A4 TR L A T FON-HAT A EB 43 F IR EL AU R FL O
F(El6(b) iy i (L R BB B T —XIN-H--- O %, 5
TE R — AR EE . R AR BT AR LI 5 R L —
RIKIERLO-H- - OFfE(F 6(b) 2T (R ), R H
ZH BT R B - AR Sk . SRR RES 2H s
KagoméZhty, 6> " SRIKEFLNSToH, g TSP
2 ERRIE S HAR IR ASE, JE 34— RIRTE

4406

— AN =B ERI6(c)). F AU B RIR T
AW F 22 A7 B0 4TS5 R FINA S 52

MERE 53X DA R AR LT HIBCDTDA F 2124 ™)
KA PIFOR R R R, 12, BPOFARBERIIR I —
RIKGEM, AT AHAR R — B AT U BP A T
BrEER(E6(d), (). R, 1EPEBP-C4HIPEBP-C8Xf
BCDTDAM R, N-H---OZ ik — B AR L5 /IR
PEBP-C4 5BCDTDA H A — 3t 3454 (Kl6(f), ™
ABCDTDA 4338 18 F2 6] i) —XF O-H - - - O Z P L
TRIEE6(g)yaEE), PEBP-C44 Filid
O-H- - N(MLIE) ZU 5t (<1 6(g) H ik (2 Fl v 28] Pl ) 55 AH 4R
BCDTDA% T4z, HAR 285 1) BT R LR e 5L 1A
FRSHAE AL/, RASPEBP-C84) 1 H A& 4k
I PEBP-C4lI% K, {HH 5BCDTDAS T-H143 3R X 4H 4y
LB SER, 3P TE AR L2 R 3:2: 1(El6(h), (),
(1)), 3Fh&5 4 v iR Atk Be i 43+ Lo 4l 23
(F6(@i))~ 1:2(F6(k) A1 6(m)). AS[E BB IE 5T
X ZRARRIV R RIS E R, TR S iRk R i
TRIRIIE N, BTN T IRBIRS AR, X
TR — SR PR (R4 S 7 AR AL T i)



Pk

w

Bl 6 BCDTDATEBHIR/HOPGIE /i L 1 [ 21255 15 2 Fpent i 2 25 (i FR RN /0 B STMIEHE AN 43 T80T, Copyright©2022, Else-
vier. (a)~(c) BCDTDARIFIFI H 21%%; (d), () BCDTDA-BPAYILAI%E; (), (g) BCDTDA-PEBP-CARIHE41%E; (h), (i) BCDTDA-PEBP-C8-13:41%%;
(§), (k) BCDTDA-PEBP-C8-1IHE4{; (1), (m) BCDTDA-PEBP-C8-I113E:4 %%

Figure 6 Large scale, high resolution STM images and molecular models of BCDTDA self-assembly and co-assembly with various bipyridines at the
HA/HOPG solid/liquid interface'””!, Copyright©2022, Elsevier. (a)—(c) Two kinds of BCDTDA sclf-assemblies; (d), (¢) BCDTDA-BP co-assembly; (f),
(g) BCDTDA-PEBP-C4 co-assembly; (h), (i) BCDTDA-PEBP-C8-1 co-assembly; (j), (k) BCDTDA-PEBP-C8-II co-assembly; (1), (m) BCDTDA-

PEBP-CS-III co-assembly
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B 7 H,DCPp1EHR/HOPG AR T b (9 [ 2H 25 F145 2 AR nE 2 5 10 2 /3 HES TMIEHE A4 T-46 7Y, Copyright©2021, American Chemical
Society. (a), (b) H,DCPp#JHZ%; (), (d) H,DCPp-BPYBHIFEAIAE; (e), (f) H,DCPp-BP-IHIFE4L%; (g), (h) H,DCPp-BP-IAYFLALEE; (i), (j)

H,DCPp-TPYBI#j 341 %%
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Progress in scanning tunneling microscopy research on the
regulation of carboxylic acids and their derivatives assembled
structures by pyridine

Yufei Zhangl’z, Peng Lei'?, Ting Mengl’z, Chen Wang]’z* & Qingdao Zeng]’z*

'c4s Key Laboratory of Standardization and Measurement for Nanotechnology, National Center for Nanoscience and Technology (NCNST), Beijing
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The supramolecular self-assembly of organic functional molecules on the solid interfaces is a fundamental support for
numerous basic and applied research fields. Therefore, the mechanism of self-assembled processes has attracted extensive
interest for decades, which provides a theoretical basis for constructing functional nanostructures at the molecular level.
Scanning tunneling microscope (STM) can achieve images with a truly atomic scale resolution based on the tunneling
current between probes and surfaces. The development of STM opens up a new way to explore the structure and properties
of self-assemblies on the two-dimensional (2D) surface. Due to the high-directionality and saturation of hydrogen bonds,
the 2D nanostructures driven by intermolecular hydrogen bonding interactions have been widely developed. One of the
typical hydrogen bonded networks is formed by carboxylic acid through O—H:--O interactions of carboxyl groups between
adjacent molecules. However, because of the molecular structure and solvent co-adsorption phenomena at the solid/liquid
interface, most of these systems currently studied are homomolecular systems. The reliable preparation method of two-
component systems requires the stability of the two-component system exceeds that of any other single-molecular system.
The N atom of pyridine is a good acceptor of hydrogen bonds, which has an unpaired electron. Current research shows that
carboxyl groups as donors and pyridine as acceptors can preferentially form a binary system based on hydrogen bonds in
specific systems. This review summarizes the recent progress in the regulation of carboxylic acids and their derivatives
self-assembled structures by pyridine derivatives using STM technology, focusing on how the number and position of
functional groups and substituent group of pyridine and carboxylic acid affect the binary systems. Moreover, the self-
assembly behavior and co-assembly with pyridine derivatives of rigid, planar and symmetric aromatic carboxylic acids are
significantly different from those with low symmetry. The flexible alkyl side chains have structural orientation abilities
which can work as molecular templates to accommodate pyridylethynyl derivatives with different sizes and shapes.
Fluorination of carboxylic acids can prevent their self-assembly and advantages in the construction of binary networks with
different pyridines. Carboxylic acid derivatives containing N heterocycles also show specific co-assembled modes
attributed to different strengths of hydrogen bonds donors and acceptors. Carboxyls help porphyrin derivatives form an
ordered arrangement through hydrogen bonds and make them can be regulated by different kinds of pyridine. In
conclusion, rich binary nanostructures have been constructed which provide effective means for the fabrication and
regulation of 2D multicomponent supramolecular assembled structures. However, there are still many shortcomings in this
field that require further development. Firstly, we can continue to broaden the basic building blocks of surface
nanostructures. For example, we can increase the number of pyridine groups and compare the proportion of O—H:--O and
O-H:--N hydrogen bonds to further deepen the understanding of the co-assembled structure formed by pyridine and
carboxylic acids. Secondly, the current understanding of the process and mechanism of surface self-assembly is still
insufficient and we are unable to predict the assembled structure accurately. Thirdly, we hope that we can develop more
mature surface detection technologies and promote the practical applications of supramolecular self-assembled structures.

molecular self-assembly, carboxylic acid molecules, pyridine regulation, scanning tunneling microscope
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