Downloaded viaLing Zang on August 28, 2022 at 18:02:11 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

JAIC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Unprecedented Small Molecule-Based Uniform Two-Dimensional
Platelets with Tailorable Shapes and Sizes

Yanjun Gong,|| Chuangin Cheng,II Hongwei Ji, Yanke Che,* Ling Zang, Jincai Zhao, and Yifan Zhang*

Cite This: J. Am. Chem. Soc. 2022, 144, 15403-15410

I: I Read Online

ACCESS |

[l Metrics & More ‘

Article Recommendations |

@ Supporting Information

ABSTRACT: Fabrication of uniform two-dimensional (2D)
structures from small molecules remains a formidable challenge
for living self-assembly despite its great success in producing
uniform one-dimensional (1D) structures. Here, we report the
construction of unprecedented uniform 2D platelets with tailorable
shapes and controlled sizes by creating new nuclei from a donor—
acceptor (D—A) molecule and 1-hexanol to initiate 2D living self-
assembly. We demonstrate that the D—A molecule undergoes 1-
hexanol-induced twisting to form continuous alternative hydrogen
bonds in-between under electrostatic attraction, which in turn
forms a new nucleus. This connection architecture of the new
nucleus allows to simultaneously regulate the growth rate of 1 in
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S 1-hexanol /’”H

two dimensions to generate 2D platelets of distinct shapes through simply varying the amount of 1-hexanol relative to hexane.
Furthermore, the living nature of the new nucleus enables seeded growth of complex concentric multiblock 2D heteroplatelets by
sequential and alternative addition of different D—A molecules. Interestingly, the resulting 2D platelets obtained by such living self-
assembly exhibit enhanced photostability compared to those obtained by conventional self-assembly without the involvement of 1-

hexanol.

Bl INTRODUCTION

Two-dimensional (2D) materials have attracted extensive
attention because of their unique structure-related potential
in electronics, biomedicine, catalysis, and sensing and as
membranes for separation and filtration.'”” Among various
methods for rational design and synthesis of 2D organic
materials, living seeded self-assembly has emerged as a
powerful strategy for fabricating uniform 2D polymers with
controlled shapes and sizes. Prominent examples are the block
copolymer-based systems pioneered by Manners and cow-
orkers, which have been successfully fabricated into uniform
and complex 2D structures via crystallization-driven living self-
assembly.* """ However, compared with polymers, living self-
assembly of small molecules into uniform 2D structures with
tailorable shapes and sizes remains a formidable challenge. To
date, only irregular 2D structures, rather than well-defined
uniform morphologies, can be achieved with specific porphyrin
molecules,'>"” which is far from the precise control over sizes
and shapes as attained for 2D polymers.*~""

In recent years, two groundbreaking methods, that is,
kinetically trapping the monomer in a metastable aggregate'*
or in an inactive molecular state (e.g, via intramolecular
hydrogen bonding)'> have been developed to restrict the fast
nucleation process. This thus allows access to living self-
assembly of small molecules into 1D structures with precisely
controlled Iengths.]4_26 However, despite the aforementioned
many advances, these methods have not yet provided a
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promising route for the fabrication of uniform 2D structures
from small molecules. The formation of uniform 2D structures
from small molecules generally requires relatively weak
intermolecular interactions in one dimension but synchro-
nously controllable interactions in the other two dimensions.
These requirements may augment the molecular complexity,
conflicting with the molecular structural requirements in the
methods for living self-assembly of 1D structures. Thus, a
groundbreaking way to achieve living 2D self-assembly of small
molecules needs to be developed but remains unexplored.

In this work, we report the construction of unprecedented
uniform 2D platelets with tailorable shapes and sizes from a
donor—acceptor (D—A) molecule, 1 (Figure 1a) via a unique
living 2D self-assembly strategy. Unlike the restriction of fast
nucleation by kinetically trapping the monomer in metastable
aggregates14 or in an inactive molecular state,"> the slow
generation of new nuclei is the key to achieving living 2D
seeded growth of 1 in solution and in situ on the surface.
Crystallographic analysis demonstrates that 1 undergoes
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Figure 1. (a) Molecular structure and schematic presentation of 1. (b) Molecular structures of 2—S5.
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Figure 2. (a—d) Fluorescence-mode optical images and statistical histogram of the area dispersities of green-emissive crystals and yellow-emissive
2D platelets from 1 at a volume ratio of hexane to 1-hexanol of 200:1, A, = 42.9 um?* A, = 32.3 um? A, /A, = 1.32 (a); 20:1, A, = 67.1 um? A, =
66.2 um?* A, /A, = 1.02 (b); 10:1, A, = 117.5 um?, A, = 116.5 um?, A,/A, = 1.01 (c); and 5:1, A, = 135.6 um?, A, = 132.4 um? A, /A, = 1.02 (d).
UV—vis absorption (e) and fluorescence spectra (f) of 2D platelets formed in various 1-hexanol/hexane mixtures. (g—i) AFM height images and
corresponding height profiles of rectangular- (g), hexagonal- (h), and diamond-like (i) yellow-emissive 2D platelets.

twisting to form continuous alternative hydrogen bonds with
1-hexanol under electrostatic attraction, which in turn slowly
forms a new nucleus. This connection architecture allows the
simultaneous control of the growth of 1 in two dimensions.
Specifically, simply varying the volume ratios of hexane to 1-
hexanol enables regulation of the growth rate of 2D platelets in
different directions, thus generating yellow-emissive 2D
platelets with distinct shapes. Furthermore, upon sequential
and alternative addition of different D—A molecules (i.e., 1 and
S, Figure 1), the living seeded 2D self-assembly enables the
formation of complex concentric multiblock heteroplatelets of
different shapes. In sharp contrast, without the involvement of

15404

1-hexanol, 1 undergoes conventional self-assembly, forming
high-dispersity green-emissive crystals, which exhibit typical
“nonliving” self-assembly behavior. Intriguingly, the yellow-
emissive 2D platelets obtained via living seeded self-assembly
exhibit enhanced photostability compared to the green-
emissive crystals obtained via conventional self-assembly in
the absence of 1-hexanol. The new living self-assembly strategy
reported herein, along with the novel molecular design and
engineering, provides an unprecedented route to fabricate
uniform 2D structures with tailorable sizes and shapes that may
find broad applications in organic electronics, photocatalysis,
and chemical/biological sensing.
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Figure 3. (a, b) Fluorescence-mode optical images and corresponding single-crystal structures of a green-emissive lath-like crystal (a) and a yellow-
emissive platelet (b). (c) Continuous alternative intermolecular hydrogen bonds between 1-hexanol and 1 along the a-axis in a yellow-emissive 2D

platelet.

B RESULTS AND DISCUSSION

Molecular Design. Molecule 1 designed in the present
study has three key parts: the D—A backbone comprising
fluorene (D) and benzothiadiazole (A) units, the phenyl group
as a linker, and the benzimidazole group as a twisting group
(Figure la). The D—A backbone is expected to endow the
relatively strong electrostatic attraction between 1. The
benzimidazole group that is connected to the D—A backbone
through the phenyl unit is expected to afford flipper-like
twisting upon external intervention (e.g, via hydrogen
bonding) because of the linker-alleviated bulky repulsion. To
highlight the crucial roles of the three parts in 1, we
synthesized control molecules 2—5 (Figure 1b) and compared
their self-assembly behaviors. Molecule 2 has the same D—A
backbone and benzimidazole group but lacks the phenyl group
to reduce steric repulsion. Molecule 3 has all three parts but
with the benzimidazole group methylated to prevent it from
being capable of forming hydrogen bonds. Molecule 4 has the
phenyl linker and benzimidazole group but lacks the D—A
backbone for strong intermolecular electrostatic interactions.
Molecule 5 has a molecular structure similar to 1 but replacing
the benzothiadiazole group with the benzoselenadiazole group,
which is expected to undergo similar self-assembly behaviors as
1. The detailed synthesis procedures and characterizations of
molecules 1—$§ are provided in the Supporting Information.

Formation of Different 2D Platelets. Self-assembly of 1
was performed by adding different volumes of hexane (poor
solvent) into a 1-hexanol solution (good solvent) of 1 (0.5
mg/mL, 0.1 mL), followed by aging the resulting hexane/1-

hexanol mixtures for 24 h (the volume ratios of hexane to 1-
hexanol ranged from 200:1 to S:1). Interestingly, two types of
crystalline assemblies, that is, green-emissive crystals and
yellow-emissive platelets, were formed in various hexane/1-
hexanol mixtures. As revealed by fluorescence-mode optical
microscopy (Figures 2a—d and S1), green-emissive lath-like
crystals were formed from 1 for a volume ratio of hexane to 1-
hexanol greater than 100:1, while yellow-emissive platelets
with different shapes (rectangular, hexagonal, and diamond)
were fabricated from 1 for volume ratios of hexane to 1-
hexanol less than 30:1. Moreover, a mixture of green-emissive
crystals and yellow-emissive platelets was fabricated for volume
ratios of hexane to 1-hexanol between 100:1 and 30:1 (Figure
S2). Unexpectedly, the yellow-emissive 2D platelets with the
three shapes have a narrow area dispersity (A,,/A, < 1.02; see
Figures 2b—d), which is in sharp contrast to the green-emissive
lath-like crystals with a wide area dispersity (A,,/A, = 1.32; see
Figure 2a). These observations suggest that 1 can adopt
different molecular packing, depending on the volume ratios of
hexane/1-hexanol in the solvent mixture. Optical character-
ization demonstrated that the yellow-emissive 2D platelets
have the same absorption (Figure 2e) and fluorescence spectra
(Figure 2f) despite the distinct shapes but exhibit a remarkable
38 nm redshift in the fluorescence emission compared to the
green-emissive crystals (Figure 2f).

Given the solvent circumstance, more 1l-hexanol may be
involved in the yellow-emissive 2D platelets than the green-
emissive crystals, which have a negligible effect on the
absorption but can interact with the excited D—A molecule

https://doi.org/10.1021/jacs.2c07480
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1 to induce the prominent red-shifted emission, being typical
characteristics of D—A molecules. These results indicate that
the same molecular packing is shared among the yellow-
emissive platelets with the three different shapes, but the
packing is distinct from that of the green-emissive crystals. This
conclusion is further supported by experimental results from
powder X-ray diffraction (XRD) and selected area electron
diffraction (SAED). The XRD results show the same lamellar
structure for the yellow-emissive platelets of the three shapes
along the thickness direction, with an interlayer height of 1.6
nm (Figure S3). In contrast, the green-emissive lath-like
crystals exhibit a distinct XRD pattern with a d-spacing of 1.3
nm in the thickness direction (Figure S4). The SAED patterns
of the yellow-emissive 2D platelets with the different shapes
demonstrate the same intraplanar molecular orientation of 1
(Figure SS). Of note, atomic force microscopy (AFM)
revealed that the yellow-emissive 2D platelets have a uniform
thickness of 210 nm regardless of the different shapes and areas
(Figure 2g—i). The smooth and flat surface of these yellow-
emissive 2D platelets was further confirmed by scanning
electron microscopy (SEM) (Figure S6).

Creation of New Nuclei To Initiate Living Self-
Assembly. Given that 1-hexanol forms hydrogen-bonded
clusters itself when the volume ratio of hexane to 1-hexanol is
greater than 100:1,>” we hypothesized that 1-hexanol was not
involved in the molecular packing within the green-emissive
crystals. However, 1-hexanol might affect the formation of the
yellow-emissive 2D platelets via hydrogen bonding with 1
when the volume ratio of hexane to 1-hexanol is greatly
decreased. Green-emissive crystals with the same XRD pattern
(Figure S4) were fabricated by using tetrahydrofuran instead of
1-hexanol as the good solvent, supporting the hypothesis that
1-hexanol was not involved in the formation of green-emissive
lath-like crystals. To gain precise information on the molecular
packing of 1 and insight into the role of 1-hexanol in the
formation of yellow-emissive 2D platelets, single-crystal X-ray
diffraction (SCXRD) analysis of green and yellow single
crystals was performed. As shown in Figure 3a, molecule 1
adopts a twisted backbone structure within the green-emissive
crystal, which leads to intermolecular distances of 4.8 and 5.0 A
along the a-axis and c-axis, respectively, while the long bulky
alkyl groups in 1 further increase the intermolecular distance to
17.0 A along the b-axis. The relatively large intermolecular
distances between neighboring 1 are apparently beyond z-
interactions but are attributed to typical electrostatic
attractions of D—A molecules. Therefore, electrostatic
attractions mainly give rise to the formation of green-emissive
lath-like crystals. Moreover, the larger electrostatic attraction
along the g-axis, as reflected by the shorter intermolecular
distance (4.8 A), yields platelets with an elongated shape along
the a-axis. For the yellow-emissive 2D platelets, as expected, 1-
hexanol was involved in the formation of the crystalline
structure (Figure 3b, c). Moreover, 1-hexanol acts as both a
hydrogen-bond donor and acceptor for two neighboring
benzimidazole groups, and thus continuously connects
molecules 1 along the a-axis via hydrogen bonding (Figure
3b,c). Remarkably, the benzimidazole group and the phenyl
linker adopt certain flipper-like twisting to accommodate the
hydrogen bonding with 1-hexanol, and the benzimidazole-
phenyl backbone becomes more coplanar compared to the
case of green-emissive crystals. The structural changes should
provide a route to the slow formation of a new nucleus, which
in turn simultaneously control over the growth of 1 in two

dimensions to form yellow-emissive 2D platelets. Additional
solid evidence comes from the fact that green-emissive lath-like
crystals pregrown in a hexane/1-hexanol mixture at a volume
ratio of 200:1 slowly transformed into yellow-emissive crystals
after S days of immersion in a hexane/1-hexanol mixture with a
volume ratio of 5:1. The slow diffusion of 1-hexanol into the
green-emissive crystals induced twisting of 1 to form the
hydrogen bonding, transforming them into yellow-emissive
crystals (Figure S7). Given the cocrystal nature (i.e., composed
of 1 and 1-hexanol) of the new nucleus, we expected that the
volume ratio of hexane to 1-hexanol would effectively affect the
growth rate of yellow-emissive 2D platelets. As shown in
Figure S8, decreasing the volume ratio of hexane to 1-hexanol
from 20:1 to 5:1 greatly retards the growth of 2D platelets
from 8 to 36 h, which is attributed to the formation of isolated
hydrogen-bonded clusters between 1 and more 1-hexanol
molecules with higher probability than the formation of
continuous alternative hydrogen bonds between 1 and 1-
hexanol. This intervention in the growth rate would also
modulate the relative growth rate of 1 along two dimensions,
which can well explain the aforementioned formation of
yellow-emissive 2D platelets with different shapes.

To highlight the structural rationality of 1 for the fabrication
of 2D structures with tailorable shapes, self-assembly of
molecules 2—5 was performed under identical conditions to
explore whether they can form similar 2D structures. Figures
S9 and S10 show that similar nanofibers were self-assembled
from 2 without the phenyl linker in various hexane/1-hexanol
mixtures. Fluorescence spectra (Figure S11) demonstrate that
the nanofibers formed in various hexane/1-hexanol mixtures
share the same molecular packing, indicating that no different
nuclei were formed as with 1. Because of the increased
solubility of 3, likely from the added methyl group, no
aggregates were formed from 3 as tested in the same hexane/1-
henxanol mixtures. Bundled nanofibers were formed from 4 via
m—r stacking and hydrophobic interactions in various hexane/
1-henxanol mixtures (Figures S12 and S13). Likewise, the
fluorescence spectra (Figure S14) and XRD patterns (Figure
S15) demonstrate that all nanofibers formed from 4 share the
same molecular packing. These results suggest that the
relatively strong electrostatic attractions of D—A molecules
are required to bring molecules close enough for the formation
of continuous alternative hydrogen bonds with 1-hexanol. As
expected, 2D platelets were also fabricated from 5 under
identical conditions (Figure S16), despite the variations in
shapes likely as a result of the increased electrostatic attraction
in 5. Of note, the varied acceptor (A) group, the
benzoselenadiazole group, in § led to the different emission
(orange) of the resulting 2D platelets. SCXRD analysis of the
orange-emissive 2D platelet from S (Figure S17) revealed that
S and 1-hexanol were connected by the continuous, alternative
hydrogen bonding, similar to the aforementioned 1 and 1-
hexanol (Figure S17 and Table S1). These observations
together point to the indispensability of the three parts in 1
and §, that is, the D—A backbone, the phenyl group as a linker,
and the benzimidazole group as a twisting group, in combining
the second component (1-hexanol) to yield a new nucleus,
leading to the formation of shape-defined 2D platelets.

We noticed that the generation of the new nucleus with the
involvement of 1-hexanol gave rise to the formation of uniform
yellow-emissive 2D platelets with a narrow area dispersity (4,,/
A, < 1.02; see Figure 2b—d), whereas spontaneous self-
assembly of 1 itself yielded green-emissive lath-like crystals
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Figure 4. (a—d) Fluorescence-mode optical images of yellow-emissive diamond-like 2D platelets formed upon the addition of a certain volume of 1
(0.1 mg/mL) in a hexane/1-hexanol (v/v, 5:1) mixture to the seed solution (0.1 mL, 0.025 mg/mL), leading to monomer-to-seed mass ratios
(Mmonomer/ Mgeea) Of 10:1 (a), 20:1 (b), 50:1 (c), and 100:1 (d). (e) Areas of the yellow-emissive diamond-like 2D platelets as a function of the
monomer-to-seed mass ratio. (f) Time-dependent absorbance at 345 nm in the four cycles of sequential addition of 1 monomers to seed solution
(0.1 mL, 0.025 mg/mL), showing the accelerated rate of the growth of 2D platelets. (g—i) Fluorescence-mode optical images of the uniform
diamond- (g), hexagonal- (h), and rectangular-like (i) concentric multiblock 2D heteroplatelets. (j) Schematic diagram illustrating the seeded
growth of uniform concentric multiblock 2D heteroplatelets by sequential, alternate addition of 1 and § monomers.

with a wide area dispersity (A,/A, = 1.32; see Figure 2a).
These observations motivated us to investigate the possibility
of “living” 2D seeded self-assembly of 1 in hexane/1-hexanol
mixtures. Prefabricated yellow-emissive rectangular-like 2D
platelets were sonicated for 8 h at —20 °C to produce irregular
fragments with areas ranging from 600 nm? to 7.2 ym?* (Figure
S18) that served as seeds for the following living 2D seeded
growth. The living seeded self-assembly upon addition of a
solution of 1 in a hexane/1-hexanol mixture to the seed
solution in the same hexane/1-hexanol mixture was inves-
tigated by fluorescence optical microscopy. As shown in
Figures 4a and S19, after the addition of a certain monomer
solution, uniform yellow-emissive 2D platelets with increased
size quickly formed in 2 h, and no formation of new nuclei

(ie., small-size 2D platelets) was observed. Addition of 1
monomers with higher monomer-to-seed mass ratios into the
corresponding hexane/1-hexanol mixture led to uniform 2D
platelets with increased areas while retaining the original shape
(Figure 4b—d). Quantitative experiments demonstrated that
the areas of the resulting yellow-emissive 2D platelets exhibited
a linear dependence on the monomer-to-seed mass ratios
(Figures 4e and S19), which suggest a living seeded self-
assembly.' '

Further support for the living growth of 2D platelets came
from experiments where the same amount of 1 monomers was
sequentially further added to the seed solution in the same
hexane/1-hexanol mixture. Figures 4f, S20, and S21 show the
kinetic absorbance changes and morphological growth in the

https://doi.org/10.1021/jacs.2c07480
J. Am. Chem. Soc. 2022, 144, 15403—15410


https://pubs.acs.org/doi/suppl/10.1021/jacs.2c07480/suppl_file/ja2c07480_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.2c07480/suppl_file/ja2c07480_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.2c07480/suppl_file/ja2c07480_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.2c07480/suppl_file/ja2c07480_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/jacs.2c07480/suppl_file/ja2c07480_si_001.pdf
https://pubs.acs.org/doi/10.1021/jacs.2c07480?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/jacs.2c07480?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/jacs.2c07480?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/jacs.2c07480?fig=fig4&ref=pdf
pubs.acs.org/JACS?ref=pdf
https://doi.org/10.1021/jacs.2c07480?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of the American Chemical Society

pubs.acs.org/JACS

a
100 e
= 75 -
S
>
%’ 50 { —— I, 0 h under vacuum
g —v— I, 3 h under vacuum
€ 254 —— lI, 72 h under vacuum
- —o— |V, 360 h under vacuum
0 T v v
0 15 30 45 60
Time (min)
[+
100.%

§ 75| \‘1
-% 50 i -“'H"--.J- L S ——
5 =— (1) green-emissive crystals
_T:' 25 o— (2)rectangular-like platelets

©o— (3) hexagonal-like platelets

0 ¥ (4) diamond-like platelets

0 15 30 45 60

Time (min)

100

75

50

Intensity (%)

25

| Il 1 \Y
Diamond-like 2D platelets

100

75
50 ‘
25 l

0 .

m @ ©6 @

Assemblies from 1

Intensity (%)

Figure S. (a) Fluorescence intensity of yellow-emissive diamond-like 2D platelets placed under vacuum for four different durations at 60 °C (I, II,
I1I, and IV) as a function of UV irradiation time (385 nm, 0.053 mW/cm?). The fluorescence intensity was monitored in the range of 550 to 600
nm. (b) Fluorescence intensity of the four diamond-like 2D platelets after 1 h of UV irradiation. (c) Fluorescence intensity of four different
assemblies from 1 as a function of UV irradiation time (385 nm, 0.053 mW/cm?), which was monitored in the range of 520 to 570 nm for (1) and
550 to 600 nm for (2—4). (d) Fluorescence intensity of the four assemblies from 1 after 1 h of UV irradiation.

four cycles of the sequential addition of 1 monomers (50 uL,
0.5 mg/mL) to the seed solution (0.1 mL, 0.025 mg/mL).
Again, a linear relationship between the statistical areas of the
resulting yellow-emissive 2D platelets and accumulated 1
monomers in cycles was observed (Figure S21), supportive of
the living seeded growth of 1. Notably, an accelerated rate of
the seeded self-assembly of 1 with the following cycles was
observed (Figure 4f), which is in sharp contrast to the reduced
rate in the increasing cycles observed in the living 1D self-
assembly.'* Herein, the increasing living sites with the enlarged
circumference of 2D platelets should result in the accelerated
rate in 2D living self-assembly. Interestingly, yellow-emissive
2D platelets with different shapes were successfully grown from
the same seeds prepared from rectangular platelets by
sonication. These results are consistent with the aforemen-
tioned mechanism, in which tuning the volume fraction of 1-
hexanol relative to hexane enables modulation of the
hydrogen-bond interactions and thus of the growth rate of
2D platelets along different directions to define the resulting
shape. These phenomena are in contrast to those of polymers,
in which polymer seeds possess a morphological memory
effect.'”

To monitor the living 2D seeded growth of 1, we also
developed an in situ surface self-assembly method and used
confocal laser scanning microscopy (CLSM) to monitor the
2D seeded growth process in solution. The seeds were first
anchored on the bottom surface of a cell culture dish by drop
casting 2 puL of highly diluted seed solution (0.025 mg/mL)
and subsequently adding different hexane/1-hexanol mixtures
of 1 monomers for growth. As shown in Figure S22, the seeds
prepared from rectangular-like 2D platelets grew into larger 2D
platelets in different shapes depending on the volume ratios of
hexane to 1-hexanol in the solvent mixture. A linear
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relationship between the area of 2D platelets and the growth
time (Figure S22) clearly demonstrates the continuous 2D
growth of 1 on the seeds. We also noticed that the assembled
yellow-emissive 2D platelets remained unaltered after 36 h in
solution, indicative of their stability (Figure S23). To further
explore the capacity of the living 2D seeded self-assembly for
complex 2D architectures, sequential and alternative adding of
1 and 5 monomers to the seed solution was performed. As
shown in Figure 4g—j, uniform diamond-, hexagonal-, and
rectangular-like concentric multiblock 2D heteroplatelets,
which exhibited distinct alternative emissions, were fabricated
in different hexane/1-hexanol mixtures. These results not only
provide clear visualized evidence for the living nature of the
above 2D seeded self-assembly but also show the potential of
the living seeded self-assembly for the construction of complex
2D architectures. Finally, seeds prepared from the green-
emissive crystals using the same sonication method were also
used to study the possibility of living self-assembly. As shown
in Figure S24, no seeded growth of green-emissive crystals but
instead the formation of new green-emissive lath-like crystals
was observed, which suggests the necessity of the formed new
nucleus with continuous alternative hydrogen bonds with 1-
hexanol. Altogether, the above results allow us to conclude that
the slow formation of the new nucleus with a unique
connection architecture provides an unprecedented route to
living 2D self-assembly for the fabrication of 2D structures with
tailorable sizes, shapes, and architectures in a controllable way.

Enhanced Photostability of 2D Platelets Prepared
from Living Seeded Growth. Considering that 1-hexanol as
one crystal component may escape from the yellow-emissive
2D structure, negatively affecting the chemical stability, we
evaluated the photostability of 2D platelets in different shapes,
which is an important parameter in practical applications such
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as fluorescence sensors and imaging.zg_30 Figure Sa, b shows
the fluorescence intensity of the diamond-like 2D platelets
placed under vacuum for different durations as a function of
the continuous UV irradiation time. Clearly, the fluorescence
intensity of all the platelets under test exhibited similar decay
profiles under UV irradiation, indicative of the high photo-
stability of yellow-emissive 2D platelets. This observation also
suggests that 1-hexanol that connects 1 molecules via hydrogen
bonding does not easily escape from the crystalline structure,
even under vacuum. Of note, the photostability of yellow-
emissive 2D platelets is much better than that of green-
emissive crystals, for which the fluorescence intensity
decreased by more than 40% under identical conditions
(Figure Sc, d). We hypothesized that the nonhydrogen-bonded
active hydrogen atom in the benzimidazole group gave rise to
severe photobleaching and thus decreased photostability of
green-emissive crystals. To support this hypothesis, we also
tested, as a comparison, the photostability of the film formed
from 3, in which the active hydrogen was methylated. As
expected, the photostability of the film formed from 3 was
greatly enhanced, becoming comparable to that of yellow-
emissive 2D platelets (Figure S25). These results imply that
the formation of 1-hexanol-involved new nuclei concurrently
provides a promising way to modulate the chemical properties
and stability of 2D platelets.

B CONCLUSIONS

In conclusion, we have fabricated unprecedented uniform 2D
platelets with tailorable shapes and sizes by creating new nuclei
from D—A molecule 1 and 1-hexanol to initiate living 2D self-
assembly. Crystallographic analysis demonstrates that 1
undergoes molecular twisting to form continuous alternative
hydrogen bonds with 1-hexanol under the assistance of
electrostatic attraction, which in turn forms a new nucleus.
Interestingly, the continuous alternative hydrogen-bonding
interactions between 1-hexanol and 1 can be regulated by
changing the volume ratio of the binary solvent of hexane and
1-hexanol, which thus modulates the growth rate of 2D
platelets in different directions and defines the distinct shapes.
The living 2D self-assembly can be used to construct the
uniform concentric multiblock 2D heteroplatelets, showing its
capacity of building complex 2D architectures. Importantly, the
yellow-emissive 2D platelets formed via living 2D seeded self-
assembly exhibit enhanced photostability compared to the
crystals formed via conventional self-assembly without
involvement of 1-hexanol. Such a strategy, that is, creating a
new nucleus with a unique 2D connection architecture to
afford living 2D self-assembly may be extended to fabricate
more complex 2D architectures with controlled sizes and novel
functions that have not yet been achieved.
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