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By introducing a host molecule cucurbit[8]uril (CB[8]) into a charge transfer system containing an
amphiphile 1-[11-(naphthalene-2-ylmethoxy)-11-oxoundecyl]pyridinium (NP) and an electron-deficient
molecule methyl viologen (MV), a novel and anisotropic ternary building block was constructed by host-
guest interactions, thereby leading to the morphology transformation of the final assemblies from thin-
films (NP/MV complexes) into diamond-like structures (NP/MV/CB[8] complexes). These intriguing assem-
blies were firstly discovered and were similar with the shape of well-known metal organic frameworks
(MOFs), but just comprised three small organic molecules without metal ions. This finding can enrich
the shape of current supramolecular assemblies and thus contributing to more potential applications in
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Exploration of novel morphologies and topologies assembled
from discrete building blocks driven by non-covalent bonds has
aroused keen interests by chemists and biochemists on account
of their promising applications in material science [1-5]. In the
past decades, enormous architectures with various features and
morphologies were fabricated and designed, such as fibres, sheets,
tubules, vesicles, micelles, ribbons [6-11]. Because of the final ap-
plications of an assembly are determined and restricted by the
structural shapes and features, continuous studies and attentions
intensively focused on the exploration and development of novel
assemblies with tunable morphologies [12-18]. Till now, many
non-covalent synthetic strategies employing hydrogen bonds, elec-
trostatic interactions, charge-transfer (CT), and host-guest interac-
tions have been used to manipulate the assembly behavior for sys-
tematically joining and assembling the building elements to yield
all sorts of architectures [19-25]. Among them, host-guest inter-
actions, which can encapsulate two or more molecules or ions,
have exerted a significant role in the construction of advanced
materials owning to its high selectivity, efficiency, binding affin-
ity, and stimuli-responsiveness [26-29]. Therefore, employing host-
guest interactions to create new assemblies is attractive and avail-
able.
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In the host-guest systems, many scaffolds including calixarenes,
cyclodextrins, and crown ethers, have been certified exerting the
ability to encapsulate guest molecules [30-32]. Currently, a signif-
icant class of cucurbiturils has attracted great attentions for their
widely applications in various fields such as drug delivery, stimuli-
responsive devices, supramolecular polymers, supramolecular
organic frameworks (SOFs) [33-41]. Among them, cucurbit[8]uril
(CB[8]) formed by eight glycolurilunits, is a preferred host scaffold
to be selected in creating new host-guest complexes because of
its hydrophobic cavity is accessible through two identical carbonyl
laced portals [42-49]. For example, Kim and co-workers have
fabricated a ternary complex by employing CB[8] to encapsulate
a charge transfer complex of the electron-rich 2,6-dihydroxy-
naphthalene and the electron-deficient methyl viologen (MV),
which consequently assembled into vesicles [50]. Scherman and
co-workers have constructed robust supramolecular hydrogels
via loading a range of guest molecules within the macrocyclic
host CB[8] directed by host-guest interactions [51]. Li and co-
workers have prepared water-soluble three-dimensional porous
SOFs by mixing 4-phenylpyridinium-tailored tetraphenylmethane
derivatives with the host CB[8]. And these SOFs could load the
therapeutic agent pemetrexed disodium with high drug delivery
efficiency and improved efficiencies for cancer therapy [52]. Cao
and co-workers have constructed two kinds of stimuli-responsive
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Fig. 1. (a) The chemical structures of NP and MV. (b) The formation of new ternary building blocks directed by CB[8] encapsulation and the correlative schematic diagram

for the assembly process of diamond-like assemblies.

fluorescent and shape-controllable SOFs (cuboid or spheroid) by
rationally introducing CB[8] into pyridinium-tailored
tetraphenylethylene derivatives through host-guest interactions.
And these two fluorescent SOFs displayed varied photophysical
properties (red-shifts can reach 82 nm) and could be applied in
cellular imaging by adding a competitive guest 3,5-dimethyl-1-
adamantylamine hydrochloride [53]. Obviously, CB[8] can served
as a favored candidate directing the formation of new assemblies.

Inspired by those reports, it is suggested that more interest-
ing hierarchical architectures with various functional properties
should be constructed by tuning the host-guest interactions. In our
previous study, we have fabricated various micro/nano-structures
with tunable shapes and morphologies by manipulating different
non-covalent forces [54-57]. Herein, host-guest interactions were
employed to explore and create new assemblies. As shown in
Fig. 1, a typical amphiphile NP (1-[11-(naphthalene-2-ylmethoxy)-
11-oxoundecyl]pyridinium bromide) containing the electron-rich
naphthalene group and the pyridinium cation linked by a flexi-
ble alkyl arm was designed and synthesized [58], in which the
electron-rich naphthalene group was exploited to form CT com-
plex with another electron-deficient molecule MV. By encapsulat-
ing the CT complex into CB[8], a new ternary building block can
be constructed by host-guest interactions, which may consequently
assemble into new architectures.

The morphology assembled from NP and MV was firstly inves-
tigated. As a general procedure, the assembly behavior of NP and
MV was carried out as follows: a water solution of 2-NP (400 L,
10 mmol/L) and MV (400 pL, 10 mmol/L) were added into the
deionized water (1.2 mL), respectively. After mixing the two com-
ponents completely, the aggregates formed, which were character-
ized by scanning electron microscopy (SEM) and atomic force mi-
croscopy (AFM). In our previous study, we know that NP afforded
microsheets with an average size of 65, 9, and 1 pum in length,
width, and thickness, respectively [58]. As shown in Fig. 2, the
morphology of the assemblies was changed into thin-films with an
average size of 50 nm in thickness after adding 1 equiv. MV into
NP system. And the related height profile (Fig. 2d) certified these
thin-films had flat surfaces.

In order to elucidate the driving forces and molecular packing
pattern of thin-films, UV-vis, fluorescence, 'H NMR spectroscopy,
and X-ray powder diffraction (XRPD) experiments were performed.
A red shift was observed from UV-vis (Fig. 3a), suggesting the for-
mation of “J”-type aggregates between the electron-rich naphtha-
lene group and the electron-deficient molecule MV driven by CT
interactions. Quenching effect of NP in emission spectra (Fig. 3b)
further confirmed that the formation of these thin-films was di-
rected by CT interactions. In the 'TH NMR spectra, the proton res-
onances of the naphthalene ring of NP shifted to the upfield af-

3999

Fig. 2. SEM (a, b), AFM (c), and height profile (d) of NP/MV (conc. 2.0 x 10~3 mol/L,
molar ratio = 1:1). Scale bars are 4 um for (a, b, and c).

Fig. 3. (a) UV-vis and (b) florescence spectra of NP, MV, and NP/MV (conc.
0.25 mmol/L, molar ratio = 1:1); (c) '"H NMR spectra of MV, NP, and NP/MV (conc.
2.0 mmol/L, molar ratio = 1:1, D,0: CD30D = 3:1); (d) X-ray powder diffraction
patterns of the assemblies of NP/MV. Insert: photography of NP/MV solution, the
colourless solution of NP/MV became cloudy quickly in 10 min.

ter mixing with MV (Fig. 3c), indicating the formation of CT com-
plex. The sharp reflection peak from XRPD results revealed that the
semicrystalline nature of the thin-films and a highly ordered layer
packing arrangement with a distance around 2.38 nm (Fig. 3d).
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Fig. 4. The relative schematic diagram for the assembly process of thin-film assemblies form the NP/MV building blocks.

Fig. 5. OM (a), SEM (b-d) of CB[8]/NP/MV (conc. 2.5 x 10~* mol/L, molar ra-
tio = 1:1:1). Scale bars are 10 pm for (a), 4 pm for (b), 1 pm for (c, d).

Given the above results, a possible assembly mechanism was
proposed as follows: a primary binary building block was estab-
lished from NP and MV by CT interactions between the electron-
rich naphthalene group and the electron-deficient molecule MV,
which consequently assembled into layer structures. With the help
of hydrogen bonding formed by water and bromide connected all
the layers together [54,55,58] to give the final assemblies (Fig. 4).

OM and SEM were employed to investigate the new struc-
tures promoted by host-guest interactions. Two approaches could
be used to prepare the assembly, one protocol was that: CB[8]
(2 mg) and MV (150 pL, 10 mmol/L) were dissolved in 1.2 mL
deionized water; Then a clear yellow solution was observed af-
ter adding NP (150 pL, 10 mmol/L) into the mixture, which sub-
sequently yielded the assemblies. Another protocol was that: MV
and NP solutions were premixed firstly, which would quickly as-
semble into the precipitates (thin-films); after the addition of the
host CB[8], an operation of heating the mixture was to adequately
make the CT complex (NP/MV) enter to the cavity of CB[8] to form
the ternary building block, during which an obtained clear yellow
solution then assembled into the final assemblies. Both the two ap-
proaches afforded the similar shape of the assembly. As proposed,
the morphologies were dramatically transformed from thin-films
into diamond-like assemblies after the addition of CB[8] (Fig. 5).
All the structures are composed of four surfaces from an observ-
able perspective with the hierarchical skeletons, indicating that ra-
tionally constructing a new ternary complex as the new building
block directed by host-guest interactions can create new architec-
tures.

In order to prove the formation of diamond-like assemblies was
promoted by host-guest interactions, UV-vis and the correlative 'H
NMR were investigated. As shown in Fig. 6a, a broad new peak
from 330 nm to 550 nm was observed (for the yellow transparent
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Fig. 6. (a) UV-vis spectra of NP, NP/MV, and NP/MV/CB[8] (conc. 5.0 x 10~* mol/L,
molar ratio = 1:1:1); (b) "H NMR spectra of NP/MV and NP/MV/CB[8] (conc.
2.0 x 10~* mol/L, molar ratio, 1:1:1, solvent, D,0), the solid arrows point MV
protons, the dotted arrows point naphthalene protons. Insert: photography of
1 (NP/MV/CB[8]), the yellow solution of NP/MV/CB[8] became cloudy (2) quickly.
§ D,0; *protons of CB[8].

solution in Fig. 6a), which attributed to the encapsulation of the
CT complex of NP and MV directed by the host molecule CB[8].
This phenomenon was in accordance with the colorific change in
the solution from colorless (NP/MV) to yellow after adding CB[8],
further suggesting the formation of ternary complexes was guided
by host enhanced CT interactions [59]. 'H NMR spectra revealed
that the proton resonances of the MV shifted to upfield after mix-
ing with CB[8], as well as the proton resonances of the naphtha-
lene ring of NP, indicating that the formation of ternary complex
was promoted by host-guest interactions (Fig. 6b). A possible as-
sembly process was proposed as follows: the anisotropic ternary
building block NP/MV/CB[8] was formed by the enhanced CT com-
plex directed by host-guest interactions, which then could form
the layer structures containing a similar metal organic framework
unit (the virtual brown frame from Fig. 1b) [60,61]; With the as-
sistance of hydrogen bonding formed by water and bromide joined
all the layers together [54,55,58] to yield the diamond-like as-
semblies (Fig. 1b). A known competitive guest (1-adamantanamine
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hydrochloride) was introduced into the CB[8]/NP/MV assemblies,
then the diamond-like assemblies were initially disassembled (Figs.
S1a and S1b in Supporting information) and finally yielded some
thin-films (Figs. S1c and d in Supporting information).

In conclusion, we have constructed a new ternary building
block through encapsulating a charge transfer complex into a host
molecule CB[8] promoted by host-guest interactions, which con-
sequently directed the morphology transformation from thin-films
into diamond-like assemblies. This strategy can be used for the
construction of advanced materials containing more functional ele-
ments, thus leading to more potential applications in material sci-
ence.

Declaration of competing interest
The authors declare no competing financial interest.
Acknowledgments

We acknowledge the financial supports from the National
Natural Science Foundation of China (Nos. 31860516, 21662009,
21702037), Frontiers Science Center for Asymmetric Synthesis and
Medicinal Molecules, Department of Education, Guizhou Province
[Qianjiaohe KY No. (2020)004], and Program of Introducing Talents
of Discipline to Universities of China (111 Program, No. D20023).

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.cclet.2021.05.036.

References

[1] RJ. Dong, Y.E. Zhou, X.Y. Zhu, Acc. Chem. Res. 47 (2014) 2006-2016.
[2] N. Busschaert, C. Caltagirone, W.V. Rossom, P.A. Gale, Chem. Rev. 115 (2015)
8038-80155.
[3] M. Liu, L. Zhang, T. Wang, Chem. Rev. 115 (2015) 7304-7397.
[4] A. Magri, M. Petriccione, M.A. Cerqueira, TJ. Gutierrez, Adv. Colloid. Interfac.
285 (2020) 102279.
[5] M. Ciantar, T.T. Trinh, C. Michel, et al., Angew. Chem. Int. Ed. 60 (2021) 2-8.
[6] J.K. Klosterman, Y. Yamauchi, M. Fujita, Chem. Soc. Rev. 38 (2009) 1714-1725.
[7] T. Aida, EW. Meijer, S.I. Stupp, Science 335 (2012) 813-817.
[8] M.L. Saha, S. De, S. Pramanik, M. Schmittel, Chem. Soc. Rev. 42 (2013)
6860-6909.
[9] TEA. De Greef, M.M.J. Smulders, M. Wolffs, et al., Chem. Rev. 109 (2009)
5687-5754.
[10] A. Das, S. Ghosh, Angew. Chem. Int. Ed. 53 (2014) 1092-1097.
[11] Z. Li, J. Ma, N.S. Lee, K.L. Wooley, ]. Am. Chem. Soc. 133 (2011) 1228-1231.
[12] X. Zhang, C. Wang, Chem. Soc. Rev. 40 (2011) 94-101.
[13] G. Yu, X. Zhou, Z. Zhang, et al., ]. Am. Chem. Soc. 134 (2012) 19489-19497.
[14] A. Jain, K.V. Rao, C. Kulkarni, A. George, S.J. George, Chem. Commun. 48 (2012)
1467-1469.
[15] C. Wang, Y.S. Guo, Y.P. Wang, H.P. Xu, X. Zhang, Chem. Commun. 36 (2009)
5380-5382.

4001

Chinese Chemical Letters 32 (2021) 3998-4001

[16] LY. Meng, B.W. Watson, Y. Qin, Nanoscale Adv. 2 (2020) 2462-2470.

[17] S. Chanderpratap, M. Subhabrata, H. Idan, Nano Converg. 8 (2021) 1.

[18] J. Li, Y.R. Zhao, P. Zhou, et al., Small 16 (2020) 2003945.

[19] C. Wang, Y. Guo, Y. Wang, et al., Angew. Chem. Int. Ed. 48 (2009) 8962-8965.

[20] J. Voskuhl, B.J. Ravoo, Chem. Soc. Rev. 38 (2009) 495-505.

[21] LJ. Wan, Acc. Chem. Res. 39 (2006) 334-342.

[22] X. Zhang, Z]. Chen, F. Wurthner, J. Am. Chem. Soc. 129 (2007) 4886-4887.

[23] L. Yang, X. Tan, Z. Wang, X. Zhang, Chem. Rev. 115 (2015) 7196-7239.

[24] S.S. Babu, V.K. Praveen, A. Ajayaghosh, Chem. Rev. 114 (2014) 1973-2129.

[25] S.R. Ahmed, S. Kumar, G.A. Ortega, S. Srinivasan, A.R. Rajabzadeh, Food Chem
346 (2021) 128893.

[26] G. Yu, K. Jie, F. Huang, Chem. Rev. 115 (2015) 7240-7303.

[27] D.H. Qu, Q.C. Wang, Q.W. Zhang, X. Ma, H. Tian, Chem. Rev. 115 (2015)
7543-7588.

[28] D.A. Uhlenheuer, J.F. Young, H.D. Nguyen, M. Scheepstra, L. Brunsveld, Chem.
Commun. 47 (2011) 6798-6800.

[29] Y. Liu, Z. Huang, X. Tan, Z. Wang, X. Zhang, Chem. Commun. 49 (2013)
5766-5768.

[30] S. Dong, B. Zheng, F. Wang, F. Huang, Acc. Chem. Res. 47 (2014) 1982-1994.

[31] M. Xue, Y. Yang, X. Chi, Z. Zhang, F. Huang, Acc. Chem. Res. 45 (2012)
1294-1308.

[32] A. Harada, A. Hashidzume, H. Yamaguchi, Y. Takashima, Chem. Rev. 109 (2009)
5974-6023.

[33] J. Lagona, P. Mukhopadhyay, S. Chakrabarti, L. Isaacs, Angew. Chem. Int. Ed. 44
(2005) 4844-4870.

[34] D.A. Uhlenheuer, J.F. Young, H.D. Nguyen, M. Scheepstra, L. Brunsveld, Chem.
Commun. 47 (2011) 6798-6800.

[35] JJ. Reczek, A.A. Kennedy, B.T. Halbert, A.R. Urbach, J. Am. Chem. Soc. 131
(2009) 2408-2415.

[36] R. Fang, Y. Liu, Z. Wang, X. Zhang, Polym. Chem. 4 (2013) 900-903.

[37] Y.W. Li, C.Y. Qin, QF. Li, et al., Adv. Optical Mater. 8 (2020) 1902154.

[38] L.P. Cao, P.P. Wang, X.R. Miao, et al., ]. Am. Chem. Soc. 140 (2018) 7005-7011.

[39] C. Yao, J. Tian, H. Wang, et al., Chin. Chem. Lett. 28 (2017) 893-899.

[40] J. Tian, L. Chen, D.W. Zhang, Y. Liu, Z.T. Li, Chem. Commun. 52 (2016)
6351-6362.

[41] Y.P. Wu, M. Yan, Z.Z. Gao, et al., Chin. Chem. Lett. 30 (2019) 1383-1386.

[42] E.A. Appel, X]. Loh, S.T. Jones, et al,, ]. Am. Chem. Soc. 134 (2012) 11767-11773.

[43] J. Zhang, RJ. Coulston, S.T. Jones, et al., Science 335 (2012) 690-694.

[44] ]. Lagona, P. Mukhopadhyay, S. Chakrabarti, L. Isaacs, Angew. Chem. Int. Ed. 44
(2005) 4844-4870.

[45] Y. Liy, K. Liu, Z. Wang, X. Zhang, Chem. Eur. J. 17 (2011) 9930-9935.

[46] D.A. Uhlenheuer, K. Petkau, L. Brunsveld, Chem. Soc. Rev. 39 (2010) 2817-2826.

[47] ]. Tian, H. Wang, D.W. Zhang, Y. Liu, Z.T. Li, Natl. Sci. Rev. 4 (2017) 426-436.

[48] C. Liu, RH. Gao, Y.Q. Zhang, Q.J. Zhu, Z. Tao, Chin. Chem. Lett. 32 (2021)
362-366.

[49] X.H. Zhou, Y. Fan, WX. Li, et al., Chin. Chem. Lett. 31 (2020) 1757-1767.

[50] YJ. Jeon, PK. Bharadwaj, S.W. Choi, ] W. Lee, K. Kim, Angew. Chem. Int. Ed. 41
(2002) 4474-4476.

[51] E.A. Appel, RA. Forster, A. Koutsioubas, C. Toprakcioglu, O.A. Scherman, Angew.
Chem. Int. Ed. 53 (2014) 10038-10043.

[52] J. Tian, C. Yao, W.L. Yang, et al., Chin. Chem. Lett. 28 (2017) 798-806.

[53] Y.W. Li, YH. Dong, X.R. Miao, et al., Angew. Chem. Int. Ed. 57 (2018) 729-733.

[54] J. Hu, P. Wang, Y. Lin, et al., Chem. Eur. . 20 (2014) 7603-7607.

[55] PY. Wang, J. Hu, Y. Lin, et al., Tetrahedron 70 (2014) 6651-6655.

[56] J. Hu, PY. Wang, Y. Lin, et al., Org. Biomol. Chem. 12 (2014) 4820-4823.

[57] PY. Wang, J. Hy, S. Yang, B. Song, Q. Wang, Chem. Asian J. 9 (2014) 2880-2884.

[58] P.Y. Wang, Y. Lin, M. Smith, et al., Chem. Commun. 50 (2014) 11950-11953.

[59] L. Yang, H. Yang, F. Li, X. Zhang, Langmuir 29 (2013) 12375-12384.

[60] S.Z. Wang, C.M. McGuirk, A. d’Aquino, J.A. Mason, C.A. Mirkin, Adv. Mater. 30
(2018) 1800202.

[61] M.X. Wu, Y.W. Yang, Adv. Mater. 29 (2017) 1606134.



