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Abstract

The peculiar solid-state packing of a peropyrene-linked and CPP-based double nanohoop is 

known from earlier studies to hinder the desired formation of 1:2 complexes with C60. In 

proof-of-concept experiments presented in this work, we provide evidence of the elusive 1:2 

complex by employing electrospray ionization mass spectrometry. Additionally, for the first 

time, a binary 1:2 ring-in-ring complex of the double nanohoop with [6]CPP is observed. Most 

remarkably, we succeeded in generating a stable 1:2 complex accommodating the cationic 

endohedral metallofullerenes Li+@C60 as guest molecules, only the second reported example 

of a 1:2 host–guest complex involving Li+@C60 and the first within a CPP-based double 

nanohoop architecture. Evidently, the noncovalent attractive bonding exceeds the Coulomb 

repulsion of the two positive charges. These findings demonstrate that the intrinsic binding 

capability of the host is not fundamentally limited to 1:1 complexation but rather constrained 

by solid-state packing effects, suggesting that rational crystal engineering may enable access 

to such doubly occupied architectures in the condensed phase.
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Introduction

Cycloparaphenylenes ([n]CPPs) have attracted considerable research interest in recent times. 

The [n]CPP nanohoops are composed of “n” para-linked phenyl groups. Since their first 

successful synthesis by Bertozzi, Jasti and co-workers in 20081, there has been comprehensive 

coverage of their synthesis2 3 4 5 and modifications5 6 7 8 9 as well as properties2 5 10 11 12 and 

applications8 10 13. Their curved cylindrical structure with its radially oriented π-orbitals yields 

a cavity that enables alteration of their properties through the variation of noncovalently linked 

molecular partners. This tunability underscores the need for a better understanding of the 

host-guest chemistry of the CPPs6 7 9 11 12.

The synthesis and study of double nanohoops represent an opportunity in which material 

properties can be controlled through the encapsulation of multiple guest molecules. The rapidly 

developing field of dimeric nanohoops has been reviewed recently6 9. The common structural 

motif of dimeric CPPs consists of a central linker from which two CPP rings are extending. 

Obviously, the double nanohoop should operate as a host for two appropriate guest molecules, 

for which fullerenes and/or smaller CPP rings are particularly suitable choices. The double 

nanohoop 1 (Fig. 1) represents a recent representative of this new class of CPP dimers14. 
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Unfortunately, 1 is not suited to accommodate C60 and in an earlier study no complexation 

could be found. Steric hindrance is the most probable cause of this failure as three of the 

hydrogen atoms at the peropyrene termini are pointing into the CPP cavity, reducing its 

available space14. As an alternative double nanohoop, compound 2 was synthesized, in which 

the CPP lassos extend from the bay region of the peropyrene15. In this arrangement, the position 

of the corresponding hydrogen atoms is much less space demanding leading to a cavity that is 

more suitable for encapsulation. Moreover, the CPP rings possess an oval-shaped geometry. In 

fact, complexation of 2 with C60 was successfully observed. However, the desired 1:2 complex 

remained elusive and only the 1:1 complex could be obtained15. The reason for this has to be 

seen in the unique solid-state packing of 2. Commonly, CPPs adopt a herringbone packing 

structure, but 2 features a unique lamellar packing motif which allows the CPP loops to form 

diagonal columns. Besides the larger intermolecular distance, the complex of 2 with C60 

showed an almost identical packing structure to pristine 2 itself. This tight lamellar packing 

motif may have prevented the 1:2 complexation as this would have resulted in significant steric 

repulsion of neighbouring C60 molecules. However, provided the two cavities are matching the 

size of the guest molecule, double nanohoops are found to readily produce 1:2 host–guest 

complexes16 17 18. Less predictable is the outcome if access to one of the cavities is sterically 

hindered like in the study by Fang et al. who observed the formation of 2:1 and 2:3 host–guest 

complexes of double nanohoops and C60
19. The failure of nanohoop 2 to produce 1:2 complexes 

was not only a surprise but also to some extend a disappointment as it was synthesized exactly 

for this purpose. The 1:1 and 1:2 complexes of 2 with C60 have been the subject of theoretical 

investigations (Density Functional Theory) into photoinduced electron transfer processes20. It 

was found that charge transfer from the CPP groups to the C60 is energetically favoured, 

occurring on a sub-nanosecond time scale. Potential applications of such complexes in organic 

photovoltaics would be based on electron transfer as the key process in organic solar cells, 

involving the CPP ring as electron donor and C60 as electron acceptor. In order to be able to 

study this important aspect of the host molecule 2, the present investigation turns to 

electrospray ionization mass spectrometry (ESI-MS) which operates in the gas phase and/or at 

the border to the liquid phase. ESI enables the transfer of host–guest complexes from solution 

into the gas phase but can also promote their formation through aggregation processes during 

solvent evaporation within the ESI process21 22 23. We have successfully employed ESI in a 

number of recent investigations into the host–guest chemistry of CPP-based systems24 25 26 27 
28 29 30 31 32 33.
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Results and discussion

In a first set of experiments, we tested the ability of 2 to accommodate C60 and [6]CPP as guest 

molecules. C60 was chosen because of the reported failure of double occupation of the host 

molecule15 and [6]CPP was tested as an alternative guest molecule. In a recent comprehensive 

gas-phase study, the stability of ring-in-ring CPP complexes ([n]CPP⊃[m]CPP) was tested30. 

It was found that the most stable complexes featured a size difference of 5 to 6 phenylene rings 

(n – m = 5 or 6). As 2 features cavities that lie in between [11]CPP and [12]CPP, [6]CPP 

represents a guest molecule with the ideal size match. Fig. 2a provides evidence of single and 

double attainment of C60 as the guest of the double nanohoop host molecule. Related complexes 

are observed for [6]CPP as the guest molecule (Fig. 2b). The 1:1 and 1:2 complexes of [6]CPP 

and 2 are the first binary ring-in-ring complexes involving a CPP-based double nanohoop. 

Earlier double nanohoop complexes featured exclusively fullerenes as the guest molecules. The 

assignment is based on the nominal m/z values in conjunction with the excellent match of 

measured and calculated isotope patterns. Fig. 2c displays the outcome of a MS2 experiment 

with the 1:1 ring-in-ring complex 2+⊃[6]CPP. In this experiment 2+⊃[6]CPP is isolated and 

collisionally activated to promote its collision-induced dissociation (CID). The CID 

experiment reveals that [6]CPP is lost as the neutral and 2+, the radical cation of 2, is observed 

as the only fragment ion. It is interesting that the double nanohoop is thus the carrier of the 

positive charge in the complex. In our earlier investigations into CPP-in-CPP complexes it was 

found that always the inner CPP ring was ionized while the outer CPP host stayed neutral30 34. 
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We assume that the peropyrene linker in 2 is easier to oxidize than the [6]CPP moieties which 

would explain this observation. Both [6]CPP35 and aryl-substituted peropyrenes36 do possess 

low-lying oxidation potentials. However, the available literature data does not allow a more 

conclusive insight.

Although our experiments provide unequivocal evidence of the formation of 1:1 and 1:2 

complexes of the double nanohoop with C60 and [6]CPP, the complex formation was 

accompanied by several other unwanted products also produced in the ESI process. This is 

evident from the ESI mass spectra shown in full in the supplementary information (Fig. S1 and 

S2). Also, the careful variation of the experimental conditions did not improve the situation.

However, testing the cationic Li+@C60 endohedral metallofullerene as a guest gave a 

spectacular result, leading to a clean spectrum with the 1:1 and 1:2 complexes as the only 

observed products (Fig. 3a, Fig. S3). Li+@C60 is known to bind substantially stronger to 

[10]CPP than C60
29 37 38. This was found in early experiments by Itami and co-workers37 and 

confirmed by computational work of Sola and co-workers38. Only recently it was possible to 

quantify these findings experimentally. ITC (Isothermal Titration Calorimetry) experiments by 

the Perez-Ojeda group revealed that the association constant for the Li+-containing complex29 

was two orders of magnitude larger than that for the corresponding C60 complex. This is not 

only a consequence of the positive charge of Li+@C60 compared to neutral C60 as the guest, as 

Li+@C60 also binds stronger than the positively charged C60
+ radical cation. While the positive 

charge of the cationic metallofullerene guest certainly increases the stability of the complex, 

given the negatively polarized CPP cavity which enhances attractive binding, the key effect 

that increases the complex stability with Li+@C60 is attributed to the uniform delocalization of 

the positive charge over the sphere. This homogeneity of the positive charge distribution 

enables a more uniform and therefore stronger interaction with the CPP ring.

Employing Li+@C60 as the guest, the formation of Li+@C60⊂2⊃Li+@C60 is truly remarkable 

with double nanohoop 2 now accommodating two cations (Fig. 3a). Obviously, the 

noncovalent attractive forces exceed the Coulomb repulsion of the two positive charges. Note 

that although the 1:2 complex is heavier than the 1:1 complex its signal appears at lower m/z 

value as z = 2 for this doubly charged ion. The 1:2 complex is only the second stable dicationic 

complex in this context, following our previous report of the stable dicationic 

([10]CPP⊃Li@C60)2+ complex29. Given the fact that further electrochemical oxidation of 

Li+@C60 is hard, while CPP rings are relatively easy to oxidize, the ([10]CPP⊃Li@C60)2+ is 
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most likely the noncovalent complex of a [10]CPP+ radical cation and Li+@C60 and thus also 

an example where the noncovalent attractive forces are stronger than the Coulomb repulsion. 

A further observation from the ESI mass spectra of 2 (depicted in full in the supplementary 

information, Fig. S1 and S2) refers to the efficient formation of the dimer ion of 2, i.e. (2)2
+. 

The dimer formation most certainly results from the interaction of the two peropyrene moieties 

since we can exclude the formation of noncovalent dimers from the CPP moieties in the present 

experiments. There are also aggregates observed, including two molecules of 2 and C60 

molecule(s). Unfortunately, the present instrumentation does not allow CID experiments 

beyond m/z 3000 that would have helped to elucidate possible ion structures.

The CID mass spectrum of Li+@C60⊂2⊃Li+@C60 at 50 eV collision energy shows signals for 

only two fragment ions (Fig. 3b): one relatively weak signal corresponds to the 1:1 complex 

and a very abundant signal for Li+@C60. This pattern is in line with a scenario for the 

dissociation in which the 1:2 complex releases one Li+@C60. Such a reaction is known as 

Coulomb explosion in tandem mass spectrometry and refers to the dissociation of a doubly 

charged precursor ion into two singly charged fragment ions39 40, and is often governed by the 

relief of Coulomb repulsion. This is followed by further dissociation of the 1:1 complex into 

Li+@C60 and the neutral nanohoop. Li+@C60 is thus produced by both reactions and represents 

the final fragment ion, which explains its huge abundance in the MS2 mass spectrum. The 1:1 

complex is only an intermediate in this dissociation sequence, hence its low abundance in the 

MS2 experiment. This is corroborated by the breakdown graph shown in the supplementary 

information (Fig. S4), which displays the development of precursor and fragment ions as a 

function of the collision energy. Upon collision-induced decline of the 1:2 complex, Li+@C60 

and the 1:1 complex are simultaneously formed and while the abundance of 1:1 complex 

eventually drops, Li+@C60 increases in abundance as the finally formed fragment ion.
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Finally, we assess the relative stabilities of the observed complexes. Notably, the doubly 

charged Li+@C60⊃2⊂Li+@C60 (Fig. 4) is slightly more stable than the weakly bound 

ring-in-ring complex, 2+⊃[6]CPP (Fig. 1b). However, compared with [12]CPP⊃Li+@C60 

featuring a single CPP nanohoop as a host of comparable cavity size for which the 

energy-resolved decay is also depicted in Fig. 4, Li+@C60⊃2⊂Li+@C60 is clearly less stable. 

The lower stability of Li+@C60⊃2⊂Li+@C60 arises partly from the aforementioned Coulomb 

repulsion, which, however, cannot be quantified here. Moreover, there are less opportunities 

for π–π interactions provided by the cavity of the double nanohoop compared to the [12]CPP 

host. This is also evident from the comparison of 2+⊃[6]CPP with [12]CPP⊃[6]CPP+. As a 

result of the enhanced possibilities for π–π interactions, the [12]CPP⊃[6]CPP+ complex is 

clearly more stable than 2+⊃[6]CPP. This indicates that guest molecules like C60 and [6]CPP 

are less strongly attained in the double nanohoop compared to a [12]CPP host. Unfortunately, 

the instrumentation does not allow the study of source-generated precursor ions beyond m/z 

3000 so that we cannot assess the stabilities of the complexes of 2 with C60. However, 

complexes with C60 can be expected to be more stable than those with [6]CPP and less than 

those with Li+@C60 as the guest.
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Conclusions

In summary, electrospray ionization operating at the boundary of liquid to gas phase provides 

evidence of the successful twin occupation of the double nanohoop host 2 which was prevented 

in the solid state. Next to the expected accommodation of C60 as the guest, we generated the 

first binary ring-in-ring nanohoop complex replacing both C60’s by much weakly bound 

[6]CPPs. Most remarkably, also cationic Li+@C60 was effectively incorporated twice into the 

double nanohoop with noncovalent binding surpassing Coulomb repulsion. Collision-induced 

dissociation experiments further corroborate the intrinsic stability of these supramolecular 

nanohoop assemblies and reveal their preferred charge localization, underscoring their 

potential for integration into photovoltaic devices.

These findings clearly demonstrate that double encapsulation of guests such as C60 or CPP is 

intrinsically feasible and was previously suppressed only by unfavorable—albeit rare—

lamellar packing in the solid state. The results therefore motivate a renewed structural design 

of the double nanohoop scaffold: synthetically accessible modifications, for example through 

strategic substitution to modulate intermolecular distances and packing motifs, could enable 

controlled double encapsulation and facilitate conductive wire formation in the solid state, as 

originally envisioned for these architectures.

Page 8 of 13Organic Chemistry Frontiers

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

O
rg

an
ic

C
he

m
is

tr
y

Fr
on

tie
rs

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/1
1/

20
26

 1
2:

42
:5

5 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D6QO00235H

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6qo00235h


9

Conflicts of interest

The authors declare no conflict of interest.

Data availability

All relevant data are within the article and its supplementary information (SI). The raw MS 

data underlying this study are openly available in the public repository Zenodo at 

https://zenodo.org/record/18745605 (DOI: 10.5281/zenodo.18745605).

Acknowledgements

The FAU authors acknowledge support by the DFG (SFB 953, Synthetic Carbon Allotropes, 

Projektnummer 182849149). M.J. acknowledges the support by the European Research 

Council (ERC) under the European Union’s Horizon 2020 research and innovation programme 

(716139, INSPIRAL) and the Swiss National Science Foundation (SNSF; PP00P2_170534, 

PP00P2_198900 and TMCG-2_213829, CASCADER).

Page 9 of 13 Organic Chemistry Frontiers

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

O
rg

an
ic

C
he

m
is

tr
y

Fr
on

tie
rs

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/1
1/

20
26

 1
2:

42
:5

5 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D6QO00235H

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6qo00235h


10

1. R. Jasti, J. Bhattacharjee, J. B. Neaton and C. R. Bertozzi, Synthesis, characterization, and 
theory of [9]-, [12]-, and [18]cycloparaphenylene: carbon nanohoop structures, J Am Chem 
Soc, 2008, 130, 17646-17647.

2. S. E. Lewis, Cycloparaphenylenes and related nanohoops, Chem Soc Rev, 2015, 44, 2221-2304.
3. E. R. Darzi and R. Jasti, The dynamic, size-dependent properties of [5]-

[12]cycloparaphenylenes, Chem Soc Rev, 2015, 44, 6401-6410.
4. Y. Segawa, A. Yagi and K. Itami, Chemical Synthesis of Cycloparaphenylenes, Physical Sciences 

Reviews, 2017, 2.
5. D. Wu, W. Cheng, X. Ban and J. Xia, Cycloparaphenylenes (CPPs): An Overview of Synthesis, 

Properties, and Potential Applications, Asian Journal of Organic Chemistry, 2018, 7, 2161-
2181.

6. Z. Sun and K. Li, Recent Advances in Dimeric Cycloparaphenylenes as Nanotube Fragments, 
Synlett, 2021, 32, 1581-1587.

7. M. Hermann, D. Wassy and B. Esser, Conjugated Nanohoops Incorporating Donor, Acceptor, 
Hetero- or Polycyclic Aromatics, Angew Chem Int Ed Engl, 2021, 60, 15743-15766.

8. R. Zhang, D. An, J. Zhu, X. Lu and Y. Liu, Carbon Nanorings and Nanobelts: Material Syntheses, 
Molecular Architectures, and Applications, Advanced Functional Materials, 2023, 33.

9. Y. Fan, J. He, S. Guo and H. Jiang, Host-Guest Chemistry in Binary and Ternary Complexes 
Utilizing pi-Conjugated Carbon Nanorings, Chempluschem, 2024, 89, e202300536.

10. E. J. Leonhardt and R. Jasti, Emerging applications of carbon nanohoops, Nature Reviews 
Chemistry, 2019, 3, 672-686.

11. D. Lu, Q. Huang, S. Wang, J. Wang, P. Huang and P. Du, The Supramolecular Chemistry of 
Cycloparaphenylenes and Their Analogs, Front Chem, 2019, 7, 668.

12. Y. Xu and M. von Delius, The Supramolecular Chemistry of Strained Carbon Nanohoops, 
Angew Chem Int Ed Engl, 2020, 59, 559-573.

13. R. Roy, C. Brouillac, E. Jacques, C. Quinton and C. Poriel, pi-Conjugated Nanohoops: A New 
Generation of Curved Materials for Organic Electronics, Angew Chem Int Ed Engl, 2024, 63, 
e202402608.

14. Y. Yang, O. Blacque, S. Sato and M. Juricek, Cycloparaphenylene-Phenalenyl Radical and Its 
Dimeric Double Nanohoop*, Angew Chem Int Ed Engl, 2021, 60, 13529-13535.

15. Y. Yang, S. Huangfu, S. Sato and M. Juricek, Cycloparaphenylene Double Nanohoop: Structure, 
Lamellar Packing, and Encapsulation of C(60) in the Solid State, Org Lett, 2021, 23, 7943-7948.

16. K. Li, Z. Xu, H. Deng, Z. Zhou, Y. Dang and Z. Sun, Dimeric Cycloparaphenylenes with a Rigid 
Aromatic Linker, Angew Chem Int Ed Engl, 2021, 60, 7649-7653.

17. X. Zhang, H. Shi, G. Zhuang, S. Wang, J. Wang, S. Yang, X. Shao and P. Du, A Highly Strained All-
Phenylene Conjoined Bismacrocycle, Angew Chem Int Ed Engl, 2021, 60, 17368-17372.

18. L. Zhan, C. Dai, G. Zhang, J. Zhu, S. Zhang, H. Wang, Y. Zeng, C. H. Tung, L. Z. Wu and H. Cong, 
A Conjugated Figure-of-Eight Oligoparaphenylene Nanohoop with Adaptive Cavities Derived 
from Cyclooctatetrathiophene Core, Angew Chem Int Ed Engl, 2022, 61, e202113334.

19. P. Fang, M. Chen, N. Yin, G. Zhuang, T. Chen, X. Zhang and P. Du, Regulating supramolecular 
interactions in dimeric macrocycles, Chem Sci, 2023, 14, 5425-5430.

20. O. A. Stasyuk, A. J. Stasyuk, M. Solà and A. A. Voityuk, Photoinduced electron transfer in host–
guest complexes of double nanohoops, Journal of Nanostructure in Chemistry, 2022, 14, 293-
306.

21. D. Schroder, Ion clustering in electrospray mass spectrometry of brine and other electrolyte 
solutions, Phys Chem Chem Phys, 2012, 14, 6382-6390.

22. I. D. Kellner, U. Hahn, M. Durr, T. Torres, I. Ivanovic-Burmazovic and T. Drewello, Aggregation 
of a Crown Ether Decorated Zinc-Phthalocyanine by Collision-Induced Desolvation of 
Electrospray Droplets, J Phys Chem A, 2015, 119, 11454-11460.

23. I. D. Kellner, U. Hahn, T. Torres and T. Drewello, Salt Cluster Attachment to Crown Ether 
Decorated Phthalocyanines in the Gas Phase, J Phys Chem A, 2018, 122, 1623-1633.

Page 10 of 13Organic Chemistry Frontiers

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

O
rg

an
ic

C
he

m
is

tr
y

Fr
on

tie
rs

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/1
1/

20
26

 1
2:

42
:5

5 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D6QO00235H

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6qo00235h


11

24. Y. Xu, R. Kaur, B. Wang, M. B. Minameyer, S. Gsanger, B. Meyer, T. Drewello, D. M. Guldi and 
M. von Delius, Concave-Convex pi-pi Template Approach Enables the Synthesis of 
[10]Cycloparaphenylene-Fullerene [2]Rotaxanes, J Am Chem Soc, 2018, 140, 13413-13420.

25. Y. Xu, B. Wang, R. Kaur, M. B. Minameyer, M. Bothe, T. Drewello, D. M. Guldi and M. von 
Delius, A Supramolecular [10]CPP Junction Enables Efficient Electron Transfer in Modular 
Porphyrin-[10]CPP supersetFullerene Complexes, Angew Chem Int Ed Engl, 2018, 57, 11549-
11553.

26. Y. Xu, S. Gsanger, M. B. Minameyer, I. Imaz, D. Maspoch, O. Shyshov, F. Schwer, X. Ribas, T. 
Drewello, B. Meyer and M. von Delius, Highly Strained, Radially pi-Conjugated Porphyrinylene 
Nanohoops, J Am Chem Soc, 2019, 141, 18500-18507.

27. M. Freiberger, M. B. Minameyer, I. Solymosi, S. Fruhwald, M. Krug, Y. Xu, A. Hirsch, T. Clark, 
D. M. Guldi, M. von Delius, K. Amsharov, A. Gorling, M. E. Perez-Ojeda and T. Drewello, Two 
Rings Around One Ball: Stability and Charge Localization of [1 : 1] and [2 : 1] Complex Ions of 
[10]CPP and C(60/70) ([) *(]), Chemistry, 2023, 29, e202203734.

28. T. A. Schaub, A. Zieleniewska, R. Kaur, M. Minameyer, W. Yang, C. M. Schusslbauer, L. Zhang, 
M. Freiberger, L. N. Zakharov, T. Drewello, P. O. Dral, D. M. Guldi and R. Jasti, Tunable 
Macrocyclic Polyparaphenylene Nanolassos via Copper-Free Click Chemistry, Chemistry, 2023, 
29, e202300668.

29. M. Freiberger, I. Solymosi, E. M. Freiberger, A. Hirsch, M. E. Perez-Ojeda and T. Drewello, A 
molecular Popeye: Li(+)@C(60) and its complexes with [n]cycloparaphenylenes, Nanoscale, 
2023, 15, 5665-5670.

30. M. Freiberger, S. Fruhwald, M. B. Minameyer, A. Gorling and T. Drewello, New Insights into 
Ring-In-Ring Complexes of [n]Cycloparaphenylenes including the [12]Carbon Nanobelt, J Phys 
Chem A, 2023, 127, 9495-9501.

31. N. Geue, M. Freiberger, S. Fruhwald, A. Gorling, T. Drewello and P. E. Barran, Conformational 
Landscapes and Energetics of Carbon Nanohoops and their Ring-in-Ring Complexes, J Phys 
Chem Lett, 2024, 15, 6805-6811.

32. M. Freiberger, O. A. Stasyuk, M. E. Perez-Ojeda, L. A. Echegoyen, M. Sola and T. Drewello, 
Stability of [10-12]cycloparaphenylene complexes with pristine fullerenes C(76,78,84) and 
endohedral metallofullerenes M(3)N@C(78,80), Nanoscale, 2024, 16, 21068-21076.

33. F. Schwer, S. Zank, M. Freiberger, F. M. Steudel, N. Geue, L. Ye, P. E. Barran, T. Drewello, D. M. 
Guldi and M. von Delius, Nanohoops Favour Light-Induced Energy Transfer over Charge 
Separation in Porphyrin/[10]CPP/Fullerene Rotaxanes, Angew Chem Int Ed Engl, 2025, 64, 
e202413404.

34. M. B. Minameyer, Y. Xu, S. Fruhwald, A. Gorling, M. von Delius and T. Drewello, Investigation 
of Cycloparaphenylenes (CPPs) and their Noncovalent Ring-in-Ring and Fullerene-in-Ring 
Complexes by (Matrix-Assisted) Laser Desorption/Ionization and Density Functional Theory, 
Chemistry, 2020, 26, 8729-8741.

35. E. Kayahara, K. Fukayama, T. Nishinaga and S. Yamago, Size Dependence of 
[n]Cycloparaphenylenes (n=5-12) in Electrochemical Oxidation, Chem Asian J, 2016, 11, 1793-
1797.

36. S. Werner, T. Vollgraff and J. Sundermeyer, Tetrasubstituted Peropyrenes Formed by 
Reductive Aromatization: Synthesis, Functionalization and Characterization, Chemistry, 2021, 
27, 11065-11075.

37. H. Ueno, T. Nishihara, Y. Segawa and K. Itami, Cycloparaphenylene-based ionic donor-
acceptor supramolecule: isolation and characterization of Li(+)@C60 subset[10]CPP, Angew 
Chem Int Ed Engl, 2015, 54, 3707-3711.

38. G. George, A. J. Stasyuk and M. Sola, Reactivity of the superhalogen/superalkali ion 
encapsulating C(60) fullerenes, Dalton Trans, 2021, 51, 203-210.

Page 11 of 13 Organic Chemistry Frontiers

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

O
rg

an
ic

C
he

m
is

tr
y

Fr
on

tie
rs

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/1
1/

20
26

 1
2:

42
:5

5 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D6QO00235H

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6qo00235h


12

39. T. Drewello, C. B. Lebrilla, H. Schwarz and T. Ast, Charge separation (coulomb explosion) 
processes of doubly charged cations of sandwich compounds in the gas phase: evidence for 
the junction of two C5H5 units, Journal of Organometallic Chemistry, 1988, 339, 333-338.

40. R. W. Kirschbaum, M. Hausmann, O. V. Boltalina, S. H. Strauss and T. Drewello, Energy-
dependent gas-phase fragmentation of fluorofullerene multiply charged anions (MCAs), Phys 
Chem Chem Phys, 2015, 17, 23052-23058.

Page 12 of 13Organic Chemistry Frontiers

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

O
rg

an
ic

C
he

m
is

tr
y

Fr
on

tie
rs

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/1
1/

20
26

 1
2:

42
:5

5 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D6QO00235H

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6qo00235h


Data Availability Statement for 
 
Double encapsulation of C60, [6]CPP and Li+@C60 inside a peropyrene-linked, CPP-
based double nanohoop  
Lei Ye, Yong Yang, Michal Juríček* and Thomas Drewello* 
 
"All relevant data are within the article and its supplementary information (SI). The raw 
MS data underlying this study are openly available in the public repository Zenodo at 
https://zenodo.org/record/18745605 (DOI: 10.5281/zenodo.18745605)." 
 
Upon acceptance/publishing of the manuscript, the raw MS data will be made available 
via publicly open repository Zenodo. 

Page 13 of 13 Organic Chemistry Frontiers

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

O
rg

an
ic

C
he

m
is

tr
y

Fr
on

tie
rs

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/1
1/

20
26

 1
2:

42
:5

5 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D6QO00235H

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6qo00235h

