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Photo-induced conversion from supramolecular 

to covalently linked polymers based on 

anthracene-appended amphiphile 

Xun Zhang,a Yuxia Gao,a Yuan Lin,b Jun Hu,b* and Yong Jua*  

A photosensitive amphiphile 2 was synthesized, in which the anthracene moiety in each arm was 

connected to a dipyridinium center by an alkyl chain. Using host-guest interactions between γ-CD and 

anthracene moiety in 2, a supramolecular polymer was achieved, and such supramolecular polymer can 

be further converted into its corresponding covalent polymer upon the irradiation at 365 nm via [4+4] 

photocyclodimerization of anthracenes within the cavity of γ-CD. This approach affords a strategy in the 

transformation from supramolecular to covalently linked polymers. 

Introduction 

Research on polymers have attracted considerable interest during 

the past decades1 due to their wide applications in catalyst 

supports,2 drug carriers,3-4 biosensor,5 and photoresistors.6 

Generally, polymers can be classified into covalent and 

supramolecular non-covalent subgroups based on  their relative 

perspective of bonding bonds. Covalent polymers have long or 

hyperbranched chains, multifunctional groups, excellent 

solubility and viscosity,7-13 while supramolecular polymers 

combine polymeric structures and non-covalent interactions such 

as metal-ligand interactions,14-16 π-stacking,17-19 hydrogen 

bonding,20 charge-transfer interactions,21-23 and host-guest 

interactions.24-26 Moreover, these non-covalent interactions can 

endow supramolecular polymers with self-healing and stimuli-

responsiveness properties.27-31 By combining the advantageous 

properties of both covalent and supramolecular polymers, a 

system which can switch between these two types of polymers 

can be established.  

       To date, only a few works regarding the conversion between 

supramolecular and covalent polymers have been reported.32-36 

For example, Tian and co-workers have developed a 

supramolecular linear dual-modality polymer which could be 

switched to its corresponding covalent polymer in response to 

light stimuli because of the [2+2] photocyclo-dimerization of 

coumarin groups in the cavity of γ-cyclodextrin (γ-CD).32 

Zhang’s group constructed a photosensitive supramolecular 

hyperbranched polymer by host-guest interactions between 

cucurbit[8]uril and an azastilbene derivative. This polymer can 

be further converted into the covalently attached polymer as the 

[2+2] cycloaddition of C=C bonds in azastibene upon UV 

irradiation.33 Previously we found that pyridinium-tailored 2-

anthracene can form a supramolecular hydrogel driven by π-

stacking and electrostatic attractions.37 A gel-sol transition of 

this gel was observed under UV irradiation at 365 nm on account 

of the dimerization of anthracene groups. Inspired by these 

results, we hypothesize that these anthracene groups could be 

used in the conversion between supramolecular and covalently 

linked polymers induced by photocyclodimerization. To achieve 

this, an amphiphilic monomer 2 was designed and synthesized, 

and its ability to generate supramolecular and covalent polymers 

was investigated (Fig. 1).  

      In monomer 2, the anthracene moiety in each arm is 

connected to the dipyridinium center by an alkyl chain, which is 

able to adjust the molecular arrangement during the assembly 

process. The dipyridinium cation cannot only be a center to 

connect hydrophobic ends, but also increase the molecular 

hydrophilicity. It is well-known that γ-CD is one of best 

candidates in host-guest interactions which can coordinate [4+4] 

photocyclodimerization of anthracene moieties.38-43 Therefore, 

the inclusion of γ-CD onto anthracene moieties may allow for 

the fabrication of supramolecular polymers, where γ-CD can 

provide a hydrophobic cavity necessary for the dimerization 

event. Our results show that a supramolecular polymer was 

attained by host-guest interactions between γ-CD and anthracene 

moieties. Additionally, such supramolecular polymers could be 

further converted into their corresponding covalent polymers by 

the irradiation at 365 nm via the [4+4] photocyclodimerization 

of anthracene within the cavity of γ-CD (Fig. 1).  
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Fig. 1 Schematic representation for the formation of supramolecular polymers 

driven by host-guest interactions between 2 and γ-CD, and the conversion to their 

corresponding covalent polymers by UV light irradiation at 365 nm. 

Experimental section 

Materials  

Briefly, 11-iodoundecanoic acid was prepared according to 

protocols previously reported.44-45 2-anthracenemethanol and 4, 

4’-dipyridine were purchased from VWR. γ-CD was purchased 

from Aladdin. Other reagents were commercially available and 

used as received. All organic solvents were dried and distilled 

before use.  

Instruments 

NMR spectra were characterized on a Bruker AVANCE III HD 

300/400/600 MHz spectrometer. Mass Spectra were collected 

and analyzed by a Bruker ESQUIRE-LC mass spectrometer. 

UV-Vis spectra were acquired on a TU-1901 spectrophotometer. 

Fluorescence spectra were measured by a Hitachi F-2500 

fluorescence spectrophotometer. Transmission electron 

microscopy (TEM) measurements were carried out on a JEOL 

JEM-1011 microscope operating at an accelerating voltage of 

100 kV. Dynamic light scattering (DLS) was performed with a 

Zetasizer Nano-ZS from Malvern Instruments. Irradiation was 

provided by a WFH-204B portable ultraviolet lamp (8 W).  

Synthesis of the amphiphilic monomer 2 

 
Scheme 1 Synthetic route of the photosensitive amphiphilic monomer 2. Reagents 

and conditions: a) i: SOCl2, reflux, 6h; ii: 2-anthracenementhanol, triethylamine, 

dry THF, r.t., 12 h; b) 4, 4’-dipyridine, DMF, 60 oC, 72 h.  

As shown in Scheme 1, 11-iodoundecanoic acid (335 mg, 1.07 

mmol) was added to thionyl chloride (5 mL), and then the 

solution was refluxed for 6 h. After evaporating the solvent under 

the reduced pressure, the resulting crude was re-dissolved by dry 

THF (2 mL), which was added dropwise to a solution of 2-

anthracenemethanol (199 mg, 0.93 mmol) and triethylamine 

(500 uL) in dry THF (5 mL). The mixture was stirred at room 

temperature for 12 h, and then the solvent was removed. The 

resulting crude was re-dissolved by dichloromethane, washed by 

water, brine, dried by anhydrous sodium sulfate, and evaporated 

to dryness. The residue was purified by flash chromatography 

(dichloromethane/hexane = 2/1, v/v) to give anthracen-2-

ylmethyl 11-iodoundecanoate 1 as a yellow powder (394 mg, 

yield 73 %). EI-MS (+): m/z = 502; HRMS (ESI): m/z calcd. for 

C26H31IO2: 502.1369, found: 502.1382; 1H NMR (300 MHz, 

CDCl3, ppm): δ 8.42 (s, 2H, anthracene-H), 8.00 (m, 4H, 

anthracene-H), 7.48 (m, 3H, anthracene-H), 5.32 (s, 2H, CH2O), 

3.16 (t, 2H, J = 8.0 Hz, CH2I), 2.42 (t, 2H, J = 8.0 Hz, O2CCH2), 

1.79 (m, 2H, CH2), 1.69 (m, 2H, CH2), 1.25 (m, 12H, CH2); 13C 

NMR (75 MHz, CDCl3, ppm): δ 173.92 (C=O), 133.14, 132.11, 

132.09, 131.41, 131.34, 128.92, 128.36, 128.34, 127.46, 126.62, 

125.74, 125.60 (14C, anthracene-C), 66.50 (CH2O), 34.56 

(CH2I), 33.72 (O2CCH2), 30.64, 29.50, 29.38, 29.29, 28.67, 

25.17, 7.52 (8C, CH2).  

      4, 4’-dipyridine (40 mg, 0.26 mmol) and 1 (270 mg, 0.53 

mmol) were dissolved in anhydrous DMF (5 mL), and then the 

mixture was stirred at 60 oC for 72 h. After evaporating the 

solvent under the reduced pressure, the crude was washed by 

dichloromethane, and filtered to afford the monomer 2 as a red 

powder (93 mg, yield 33 %). ESI-MS (+): 453.5 [(M-2I)/2]+; 

HRMS (ESI): m/z calcd. for [(C62H70N2O4)/2]+: 453.2663, 

found: 453.2663; 1H NMR (400 MHz, d6-DMSO, ppm): δ 9.35 

(d, 4H, J = 8.0 Hz, pyridinium-H), 8.75 (d, 4H, J = 8.0 Hz, 

pyridinium-H), 8.57 (m, 4H, anthracene-H), 8.08 (m, 8H, 

anthracene-H), 7.52 (m, 6H, anthracene-H), 5.29 (s, 4H, CH2O), 

4.70 (t, 4H, J =8.0 Hz, CH2N), 2.40 (t, 4H, J = 8.0 Hz, O2CCH2), 

1.93 (m, 4H, CH2CH2N), 1.57 (m, 4H, CH2), 1.25 (m, 24H, CH2).  
13C NMR (100 MHz, d6-DMSO, ppm): δ 172.93 (2C, C=O), 

148.56, 145.78 (4C, pyridinium-C), 133.43, 131.51, 131.43, 

130.80, 130.68, 128.53, 128.12, 128.07, 126.66, 126.19, 126.04, 
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125.82, 125.62 (28C, anthracene-C), 65.57, (2C, CH2O), 60.96 

(2C, CH2N), 33.57 (2C, CH2I), 30.77 (2C, O2CCH2), 28.78, 

28.74, 28.66, 28.46, 28.39, 25.45, 24.54 (16C, CH2). 

Preparation of supramolecular polymers 

Supramolecular polymers 2/γ-CD were fabricated by mixing 50 

uL storage solution of 2 (0.01 mmol, DMSO) and 5 uL γ-CD 

storage solution (0.1 mmol, H2O) in 1 mL mixed solvents of 

DMSO-H2O (7/3, v/v). 

Preparation of covalently linked polymers 

Covalently linked polymers were prepared by UV irradiation of 

the above 2/γ-CD solution at 365 nm for 10 h using an ultraviolet 

lamp.  

Results and discussion 

UV-Vis spectroscopy of the formation of supramolecular 

polymers and their transformations into covalently linked 

polymers 

Monomer 2 displays absorption peaks at 326, 343, 360, and 379 

nm, respectively, due to the presence of anthracene moieties 

(Fig. 2a). The addition of γ-CD to the solution of 2 causes a 

decrease in the absorbance of anthracene units, which indicates 

that the anthracene groups are encapsulated in the cavity of γ-

CD,33 resulting in the formation of supramolecular polymer 2/γ-

CD. A Job’s plot was used to confirm the binding stoichiometry 

between 2 and γ-CD. According to the dependence of the 

absorption intensity at 360 nm on the molar ratio, the change in 

absorption reaches a maximum at 0.5 for [2]/([2]+[γ-CD]), 

revealing a 1:1 complex between 2 and γ-CD (Fig. 2b). 

Conversely, a significant decrease in the absorbance is observed, 

and the peaks disappear completely after irradiating 2/γ-CD at 

365 nm for 10 h (Fig. 2c-d). This strongly indicates that a [4+4] 

photocyclodimerization of anthracene groups occurs within the 

cavity of γ-CD, which leads to the transformation of 

supramolecular polymer 2/γ-CD into its covalently linked 

polymers. 

 
Fig. 2 (a) UV-Vis spectra of 2 (0.05 mM), and 2/γ-CD (0.05 mM, molar ratio = 1:1) 

before and after UV irradiation at 365 nm; (b) Job’s plot for complexation between 

2 and γ-CD (total concentration 0.1 mM) based on UV-Vis absorption changes at 

360 nm; (c) The absorption changes in UV-Vis spectra of 2/γ-CD (0.05 mM, molar 

ratio = 1:1) with the UV irradiation time; (d) Absorbance intensity of 2/γ-CD (0.05 

mM, molar ratio = 1:1) at 360 nm as a function of the irradiation time.  

Fluorescence spectroscopy of the formation of supramolecular 

polymers and their transformations into covalently linked 

polymers 

As shown in Fig. 3a, four emission peaks of 2 were detected at 

390, 411, 436, and 465 nm, respectively, and an increase in 

intensity is observed when γ-CD was added to the solution of 2. 

This phenomenon is ascribed to the limited cavity of γ-CD which 

can serve as a trap to prevent the occurrence of non-radiative 

pathways such as vibration, rotation, and collision with the 

solvent,33 which results in an increase in intensity. After UV 

irradiation at 365 nm for 10 h, a significant decrease in the 

fluorescence intensity occurs (Fig. 3b), because γ-CD facilitates 

the [4+4] photocyclodimerization of C=C bonds in anthracene 

groups of supramolecular polymers, thus leading to the 

formation of the covalently linked polymer 2/γ-CD. Therefore, 

the combination of supramolecular polymerization and 

photochemistry may allow for the construction of traditional 

covalently attached polymers with tuneable optical properties. 

 
Fig. 3 (a) Fluorescence spectra of 2 (0.05 mM), and 2/γ-CD (0.05 mM, molar ratio 

= 1:1; excitation = 360 nm) before and after UV irradiation at 365 nm; (b) 

Fluorescence intensity changes of 2/γ-CD (0.05 mM, molar ratio = 1:1) with the UV 

irradiation time. Inset: photograph of 2/γ-CD before and after UV irradiation at 

365 nm. 

Mass spectrum of the formation of supramolecular polymers and 

their transformations into covalently linked polymers 

Before the irradiation, a peak at m/z 1102 belonging to [(M+γ-

CD-2I-)/2]+ is found in Fig. 4a, which provides convincing 

evidence for the construction of supramolecular polymers. It can 

be further confirmed by other peaks at m/z 531 [C36H39N2O]+●  

and 1750 [(M+2γ-CD-2I-)/2]+ which is a fragment broken 

between N and its adjacent methylene. Conversely, all the peaks 

of supramolecular polymers disappear after the irradiation with 

the only presence of [γ-CD+Na]+ and [γ-CD+2H2O+K]+ at m/z 

1319 and 1371, respectively (Fig. 4b), further verifying the 

dimerization of anthracene moieties.  

Page 3 of 5 Polymer Chemistry

P
ol

ym
er

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is ©  The Royal Society of Chemistry 2012 

 
Fig. 4 ESI-MS (+) spectra of 2/γ-CD before (a) and after (b) the irradiation at 365 

nm. 

NMR spectroscopy of the transformation from supramolecular 

polymers to covalently linked polymers. 

Upon irradiating 2/γ-CD, proton signals at 7.41 (H3, H6, H7) and 

7.97 ppm (H1, H4, H5, H8) shift to one set of broad peaks around 

8.01 ppm (H1’, H3’, H4’, H5’, H6’, H7’, H8’) with the disappearance 

of H9 and H10 (Fig. 5a), suggesting the [4+4] photocyclo-

dimerization of anthracene groups. To further substantiate the 

conversion between supramolecular and covalently linked 

polymers, 2D diffusion-ordered NMR spectroscopy (DOSY) 

was performed. As shown in Fig. 5b, the diffusion coefficient of 

2/γ-CD decreases from 0.150 × 10-9 to 0.110 × 10-9 m2 s-1 after 

the irradiation, which reveals the formation of large polymeric 

species according to the Stokes-Einstein equation.33,46  

 
Fig. 5 (a) 1H NMR spectra (400 MHz, d6-DMSO/D2O = 7/3, v/v) of 2/γ-CD (0.85 mM, 

molar ratio = 1:1 before (top) and after (bottom) UV irradiation at 365 nm (# 

represents DMSO, * represents H2O); DOSY spectra (600 MHz, d6-DMSO/D2O = 

7/3, v/v) of 2/γ-CD (0.85 mM, molar ratio = 1: 1) before (b) and after (c) irradiation, 

respectively. 

Morphology study of supramolecular and covalent polymers 

TEM images show both supramolecular and covalently linked 

polymers of 2/γ-CD display nanofibers with a few micrometers 

in length (Fig. 6a-b), whereas nanosheets were observed for 

amphiphilic monomer 2 (Fig. S1). These nanofibers consist of 

many single molecular chains with the diameter around 1.50-

1.75 nm (Fig. 6c-d), which is consistent with the size of torus-

like γ-CD (the outer diameter of the large rim is 1.69 nm).47 It 

should be noted that the combination between the molecular 

chains driven by the side-side associations is a common 

phenomenon in cyclodextrin-based polymer systems.48 Although 

the covalent polymers have been fabricated by UV irradiation, 

the diameter of the single molecular chain still depends on the 

size of the large rim in γ-CD which is the most width motif in the 

chain. Therefore, both supramolecular and covalent polymers 

have similar morphologies and dimensions. 

 
Fig. 6 TEM images of (a) supramolecular and (b) covalent polymer of 2/γ-CD (0.05 

mM, molar ratio = 1: 1), scale bar = 100 nm. The diameter distribution histogram 

of the fibers before (c) and after (d) the irradiation. 

Conclusions  

By taking advantage of host-guest interactions between γ-CD 

and anthracene moieties, a supramolecular polymer was 

achieved based on the photosensitive amphiphilic molecule 2. 

Such supramolecular polymers could be further converted into 

their corresponding covalent polymers driven by the [4+4] 

photocyclodimerization of anthracene within the cavity of γ-CD. 

This approach affords a strategy in the transformation from 

supramolecular to covalently linked polymers.   

Acknowledgements 

The project is supported by NSFC (Nos. 21172130, 21472108) 

and NBRP of China (973 Program, No. 2012CB821600). J.H. 

thanks the support of State Key Laboratory of Polymer Physics 

and Chemistry, CIAC (110000D094). We thank Dan Manesco 

for correcting the language. 

Notes and references 
a Key Laboratory of Bioorganic Phosphorus Chemistry and Chemical 
Biology, Ministry of Education, Department of Chemistry, Tsinghua 
University, Beijing 100084, China; E-mail: juyong@tsinghua.edu.cn.  

Page 4 of 5Polymer Chemistry

P
ol

ym
er

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is ©  The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5  

b State Key Lab of Polymer Physics and Chemistry, Changchun Institute 
of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022, 
China; E-mail: jhu@ciac.ac.cn. 

†Electronic Supplementary Information (ESI) available: [TEM image of 

amphiphilic monomer 2 (Fig. S1); NMR and MS spectra of 1 and 2 

(Fig.S2-S7). This material is available free of charge via the Internet at 

http://pubs.rsc.org]. 

 

1 T. Aida, E. W. Meijer and S. I. Stupp, Science, 2012, 335, 813. 

2 J. Hu, G. Zhang and S. Liu, Chem. Soc. Rev., 2012, 41, 5933. 

3 G. Wenz, B. Han and A. Müller, Chem. Rev., 2006, 106, 782. 

4 X. Zhang and C. Wang, Chem. Soc. Rev., 2011, 40, 94. 

5 R. J. Wojtecki, M. A. Meador and S. J. Rowan, Nat. Mater., 2011, 10, 

14. 

6 G. Kaur, P. Johnston and K. Saito, Polym. Chem., 2014, 5, 2171. 

7 F. Xu, J. Zhong, X. Qian, Y. Li, X. Lin and Q. Wu, Polym. Chem., 

2013, 4, 3480. 

8 M. Ouchi, N. Badi, J. F. Lutz and M. Sawamoto, Nat. Chem, 2011, 3, 

917. 

9 Y. Mai and A. Eisenberg, Chem. Soc. Rev., 2012, 41, 5969. 

10 H. Jin, W. Huang, X. Zhu, Y. Zhou and D. Yan, Chem. Soc. Rev., 2012, 

41, 5986. 

11 M. Jawanda, B. F. L. Lai, J. N. Kizhakkedathu, K. Ishihara and R. 

Narain, Polym. Chem., 2013, 4, 3140. 

12 K. Iliopoulos, O. Krupka, D. Gindre and M. Sallé, J. Am. Chem. Soc., 

2010, 132, 14343. 

13 T. Huber, B. Voit and D. Wolf, Macromol. Symp., 1999, 142, 133. 

14 R. L. LaDuca, Coord. Chem. Rev., 2009, 253, 1759. 

15 X. Cui, A. N. Khlobystov, X. Chen, D. H. Marsh, A. J. Blake, W. 

Lewis, N. R. Champness, C. J. Roberts and M. Schröder, Chem. Eur. 

J., 2009, 15, 8861. 

16 G. R. Whittell, M. D. Hager, U. S. Schubert and I. Manners, Nat. 

Mater., 2011, 10, 176. 

17 M. Burnworth, L. Tang, J. R. Kumpfer, A. J. Duncan, F. L. Beyer, G. 

L. Fiore, S. J. Rowan and C. Weder, Nature, 2011, 472, 334. 

18 X. Lv, L. Li, X. Sun, H. Zhang, J. Cai, C. Wang, S. Tang and X. Zhao, 

Chem. Asian J., 2014, 9, 901. 

19 S. Burattini, H. M. Colquhoun, J. D. Fox, D. Friedmann, B. W. 

Greenland, P. J. F. Harris, W. Hayes, M. E. Mackay and S. J. Rowan, 

Chem. Commun., 2009, 44, 6717. 

20 Y. Chiang, Y. Cheng, C. Lu, Y. Yen, L. Yu, K. Yu, S. Lyu, C. Yang 

and C. Lo, Chem. Mater., 2013, 25, 4364. 

21 S. Amemori, K. Kokado and K. Sada, Angew. Chem. Int. Ed., 2013, 

52, 4174. 

22 W. Huang and C. D. Han, Macromolecules, 2012, 45, 4425. 

23 S. De, D. Koley and S. Ramakrishnan, Macromolecules, 2010, 43, 

3183. 

24 X. Yan, T. R. Cook, J. B. Pollock, P. Wei, Y. Zhang, Y. Yu, F. Huang 

and P. J. Stang, J. Am. Chem. Soc., 2014, 136, 4460. 

25 P. Wei, B. Xia, Y. Zhang, Y. Yu and X. Yan, Chem. Commun., 2014, 

50, 3973. 

26 F. Zeng, Y. Han, Z. Yan, C. Liu and C. Chen, Polymer, 2013, 54, 6929. 

27 X. Ma and H. Tian, Acc. Chem. Res., 2014, 47, 1971. 

28 N. Vallavoju and J. Sivaguru, Chem. Soc. Rev., 2014, 43, 4084. 

29 X. Yao, X. Ma and H. Tian, J. Mater. Chem. C, 2014, 2, 5155. 

30 R. Sun, C. Xue, X. Ma, M. Gao, H. Tian and Q. Li, J. Am. Chem. Soc., 

2013, 135, 5990. 

31 C. Gao, X. Ma, Q. Zhang, Q. Wang, D. Qu and H. Tian, Org. Biomol. 

Chem., 2011, 9, 1126. 

32 Q. Zhang, D. Qu, J. Wu, X. Ma, Q. Wang and H. Tian, Langmuir, 

2013, 29, 5345. 

33 H. Yang, Z. Ma, Z. Wang and X. Zhang, Polym. Chem., 2014, 5, 1471. 

34 Q. Zhang, D. Qu, X. Ma and H. Tian, Chem. Commun., 2013, 49, 9800.  

35 J. Xu, Y. Chen, L. Wu, C. Tung and Q. Yang, Org. Lett., 2013, 15, 

6148. 

36 P. Wei, X. Yan and F. Huang, Chem. Commun., 2014, 50, 14105. 

37 P. Wang, J. Hu, S. Yang, B. Song and Q. Wang, Chem. Asian J., 2014, 

9, 2880. 

38 A. Nakamura and Y. Inoue, J. Am. Chem. Soc., 2005, 127, 5338. 

39 C. Yang, T. Mori, Y. Origane, Y. H. Ko, N. Selvapalam, K. Kim and 

Y. Inoue, J. Am. Chem. Soc., 2008, 130, 8574. 

40 C. Schäfer, R. Eckel, R. Ros, J. Mattay and D. Anselmetti, J. Am. 

Chem. Soc., 2007, 129, 1488. 

41 M. Nishijima, T. Wada, T. Mori, T. C. S. Pace, C. Bohne and Y. Inoue, 

J. Am. Chem. Soc., 2007, 129, 3478. 

42 C. Yang, A. Nakamura, T. Wada and Y. Inoue, Org. Lett., 2006, 8, 

3005. 

43 A. Nakamura and Y. Inoue, J. Am. Chem. Soc., 2003, 125, 966.  

44 O. Itsenko, T. Kihlberg and B. Långström, Eur. J. Org. Chem., 2005, 

17, 3830. 

45 T. Kai, X. Sun, K. M. Faucher, R. P. Apkarian and E. L. Chaikof, J. 

Org. Chem., 2005, 70, 2606. 

46 A. Macchioni, G. Ciancaleoni, C. Zuccaccia and D. Zuccaccia, Chem. 

Soc. Rev., 2008, 37, 479. 

47 J. Szejtli, Chem. Rev., 1998, 98, 1743. 
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