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Abstract. 

The comprehension of the mechanism entailing efficient solvation of cyclodextrins (CD) by green 

solvents is of great relevance to boost environmentally sustainable usages of smart supramolecular 

systems. Here, 1-ethyl-3-methylimidazolium acetate, an ecofriendly ionic liquid (IL), is considered 

as an excellent solvent for native CDs. This IL efficiently dissolves up to 40 %wt. β- and γ-CD 

already at ambient temperature and x-ray scattering indicates that CDs do not tend to detrimental 

flocculation under these drastic concentration conditions. Simulation techniques reveal the intimate 

mechanism of CD solvation by the ionic species: while the strong hydrogen bonding acceptor 

acetate anion interacts with CD’s hydroxyl groups, the imidazolium cation efficiently solvates the 

hydrophobic CD walls via dispersive interactions, thus hampering CD’s hydrophobic driven 

flocking. Overall the amphiphilic nature of the proposed IL provides an excellent solvation 

environment for CDs, through the synergic action of its components.  

 

Keywords: ionic liquids; dissolution mechanism; hydrophobic solvation; cyclodextrin; emerging 

task specific solvents; sustainability 

 

 

  



1. Introduction. 

 

 

The most common, native cyclodextrins (CDs), α-, β- and γ-CD, are doughnut-shaped, cyclic oligo-

carbohydrates, bearing 6, 7 and 8 D-glucoses bound by α(1-4) bonds, respectively (Saenger et al., 

1998; Szejtli, 1998). Their hydrophobic conical cavity can selectively host, in a reversible way, a 

variety of apolar guests, otherwise poorly soluble in aqueous or polar solvents. Native CDs offer 

high biocompatibility and availability and a huge realm of opportunities in supramolecular 

chemistry, food and pharmaceutical industry, separation and extraction technologies (Alsbaiee et 

al., 2016; Armstrong et al., 1999; Brewster & Loftsson, 2007; Li et al., 2022; Loftsson & Brewster, 

2010, 2012; Szejtli, 1998; Tian et al., 2021; Uekama et al., 1998). However, despite their inherently 

amphiphilic nature, due to the hydrophilic -OH groups at the upper and lower rims, native CDs 

(especially β-CD) show limited solubility in common solvents, including water (Jozwiakowski & 

Connors, 1985; Sabadini et al., 2006). Accordingly, large efforts are paid to the conception and 

development of solvents with higher efficiency in solvating CDs, yet mitigating the environmental 

impact. 

In this scenario, ionic liquids (IL) represent a huge opportunity (Earle & Seddon, 2000; Plechkova 

& Seddon, 2008; Rogers & Seddon, 2003; Triolo et al., 2007; Weingärtner, 2008; Welton, 1999). 

Since the first reports on their capability to dissolve cellulose (Swatloski et al., 2002; Wang et al., 

2012), ILs, which are composed solely of ionic species, emerged as impressive solvents for 

carbohydrates (Carneiro et al., 2013; Fukaya et al., 2008; E. R. E. Hassan et al., 2015; E. S. R. E. 

Hassan et al., 2013; Liu et al., 2010; Teles et al., 2016; Youngs et al., 2011). Hydrophilic ILs can 

dissolve CDs in large quantities: the solvation is thermodynamically unfavourable, it is entropically 

favoured and driven by enthalpy (Rogalski et al., 2013; Zheng et al., 2010). Yet, the mechanism 

behind CD dissolution in ILs has only marginally been investigated (Gonsior et al., 2010; Hou et 

al., 2018; Yu et al., 2008).  The potentially detrimental CD aggregation in ILs at high 

concentrations is entirely unexplored and the role of the complex interplay between hydrogen 

bonding (HB) and dispersive interactions in solvating CDs remains largely unsettled. Here we 

intend to assess the remarkable capability of 1-ethyl-3-methylimidazolium acetate ([C2mim][AcO]) 

in dissolving α-, β- and γ-CDs. We hypothesise that the combination of acetate anion, with excellent 

HB capability, and imidazolium-based cation, with a well-known amphiphilic nature, is an excellent 

choice for an IL to effectively solvate natural CDs. We expect that this peculiar IL will thoroughly 

dissolve CDs with no occurrence of detrimental flocking; furthermore, we expect to detect a 



specific solvation mechanism at atomistic level with a different role played by the hydrophilic anion 

and the amphiphilic cation, with the latter inhibiting the hydrophobic clustering of CDs. A major 

limitation in exploiting ILs for carbohydrates processing is the separation of the final product from 

solvent: in this respect, supercritical CO2 has been recently proposed as an efficient method to 

separate carbohydrates dissolved in [C2mim][AcO] (Barber et al., 2013), thus paving the way for 

eco-sustainable, efficient processing of CDs in this IL.  

  



2. Methods. 

2.1. Experimental Section. 

2.1.1 Samples. 

α-CD (99.3 %), β-CD (98.6 %) and γ-CD (99.3 %) were CYCLOLAB products (see Scheme 1). 

They were kept at 60°C for one day before solution preparation. 

1-Ethyl-3-methylimidazolium 

Acetate ([C2mim][AcO]) was a 

Iolitec product (>98%). It was dried 

at 50 °C under high vacuum for 24 

hours and then stored under dry 

nitrogen, before solution 

preparation. Mixtures for X-ray 

scattering experiments were 

prepared with dry [C2mim][AcO] 

by weight, inside a dry-box. 

Subsequently, the mixtures were 

mixed at 50°C for 1 hour and then 

left to reach room temperature (ca. 

20°C), where they are 

homogeneous. 

2.1.2 Solubility characterization. 

Approximately 0.5 g of binary 

mixtures were prepared in closed 

glass vials by adding 

[C2mim][AcO] and each CD at a 

given composition ratio, under inert 

atmosphere. The mixtures were left 

under constant stirring for one hour, 

at the desired temperature (± 0.1 °C) in a thermostated water bath, Julabo F12. At the presence of 

residual solid, temperature was increased by 1 °C and the system was again monitored for full 

solvation. Solubility was considered complete when naked eye inspection did not allow the 

detection of residual solid CD. 

 

 

 

Scheme 1. Schematic representation of CDs (α-CD (n=6), 

β-CD (n=7) and γ-CD (n=7)) (top) and [C2mim][AcO] 

(bottom). Indexes referring to the nomenclature of carbon 

atoms (in red), hydroxyl groups (in green) and ether 

oxygen atoms (in blue) are shown. 

 

 



2.1.3 SAXS measurements. 

Small Angle X-ray Scattering (SAXS) measurements were performed at the SAXS Lab Sapienza 

with a Xeuss 2.0 Q-Xoom system (Xenocs SA, Sassenage, France), equipped with a micro-focus 

Genix 3D X-ray source (λ = 0.1542 nm) and a two-dimensional Pilatus3 R 300K detector.  

Measurements cover the Q range: 0.04 Å–1 < Q < 0.6 Å–1. Samples were loaded into disposable 

quartz capillaries with nominal thickness 1.0 mm and sealed with hot glue. Measurements were 

conducted at ambient temperature (ca. 20°C) on x-CDs (x=α, β, γ) mixtures at concentration  ~1 

mol. % (corresponding to 65-90 mg/mL, depending on the x-CD). Additional details are provided in 

the ESI.  

Measurements were also collected at the Swing beamline at the Soleil synchrotron. In this case we 

measured different x-CDs (x=α, β, γ) solutions at various concentrations (up to 800 mg/mL for β –

CD) and temperatures (between 10 and 90°C). Additional details are provided in the ESI.  

Similarly to our recent study on β-CD solvation in deep eutectic solvents (Triolo et al., 2020), fitting 

of the SAXS data was done using the SASView software (M. Doucet et al. SasView Version 4.2, 

Zenodo, 10.5281/zenodo.1412041). Solvent and instrumental background corrected S(Q) data were 

modelled assuming a core-shell sphere model to account for isolated, isotropically oriented x-CD 

molecules. Additional details are provided in the ESI.  

 

2.2 Computational Details 

Molecular Dynamics (MD) simulations were performed using the GROMACS 5.1.1 package. (Hess 

et al., 2008; Van Der Spoel et al., 2005). Bonded and non-bonded parameters for x-CD and 1-ethyl-

3-methylimidazolium acetate ([C2mim][AcO]) were described using an all-atoms potential. For 

[C2mim][AcO] we sued an OPLS force field (Canongia Lopes et al., 2004; Canongia Lopes & 

Pádua, 2012; Jorgensen et al., 1996); for x-CDs we used the q4-MD force field (Cézard et al., 2011; 

Gebhardt et al., 2018; Zhang et al., 2012). 

Simulations were performed using a cubic box of 500 ion pairs (500 [C2mim], 500 [AcO]) and 10 

x-CD units (c=2 %mol., equivalent to ca. 150 mgx-CD /mLIL); scaled partial charges (80% of the 

original ones) were used for the IL and periodic boundary conditions were applied. Simulations 

were conducted at 323 K.  



Analysis were conducted using the TRAVIS software (Brehm et al., 2020; Brehm & Kirchner, 

2011; Hollóczki et al., 2015). Full details are provided in the ESI.  



3. Results & Discussion. 

[C2mim][AcO] turns out to be a very good solvent for x-CDs. At 15 °C (room temperature), we 

could characterize samples with concentration 270, 1000 and 1500 mgCD/mLIL, for α-, β-, γ-CD, 

respectively. Samples with concentrations 370, 110 and 2000 mgCD/mLIL for α-, β-, γ-CD, 

respectively, are biphasic at the same temperature. For comparison, corresponding solubilities in 

water at 25°C are 129.5, 18.4 and 249.2 mgCD/mLwater, respectively (Sabadini et al., 2006). Here a 

distinction between α-CD and β-, γ-CDs is required. While for α-CD, one could easily distinguish 

between biphasic and homogeneous mixtures and hence determine the solubility dependence from 

temperature, on the other hand, for the case of β- and γ-CDs this was not possible, likely due to the 

high viscosity of concentrated 

solutions that hindered 

crystallization and did not allow 

the detection of 

separated/homogeneous 

transitions. High viscosity was 

reported for methylated β-CD 

dissolved in [C2mim][AcO], 

highlighting the formation of a 

temperature responsive gel 

(Gonsior et al., 2010). 

Accordingly, we limited our 

exploration of the solubility 

features only to α-CD solutions. 

Natural logarithm of the mixture 

compositions (in molar fraction), ln xsolv, and the corresponding solubility temperature are plotted in 

Figure 1. These data were used to extract Gibbs free energy of solution, ΔGsolv, enthalpy of 

solution, ΔHsolv and entropy of solution, ΔSsolv, by the following equations: 

ΔGsolv= -RT ln(xsolv); 

ΔHsolv = RT2 d(ln xsolv)/dT; 

ΔSsolv= ΔHsolv - ΔGsolv.  

Fitting the experimental data in Figure 1, one extracts data reported in Table 1. 

 

 

 

 

Figure 1. Solubility of α-CD. Natural logarithm of mole 

fraction, in [C2mim][AcO], versus the solubility 

temperature. The line corresponds to the fit to extract 

thermodynamic solution parameters. 



T [°K] ΔGsolv [kJ/mol] ΔHsolv [kJ/mol] TΔSsolv [kJ/mol] 

296.2 7.8 27.3 19.4 

304.2 7.3 28.8 21.5 

312.2 6.7 30.3 23.6 

324.2 5.8 32.7 26.9 

 

Table 1. Solution thermodynamic parameters for α-CD dissolved in [C2mim][AcO] at different 

temperatures. 

 

Values for ΔGsolv, ΔHsolv and TΔSsolv are positive; in particular ΔGsolv>0 and ΔHsolv >TΔSsolv , thus 

indicating that intermolecular 

interactions between α-CD and 

ionic species are weaker than inter-

ionic ones and the solvation process 

is endothermic, with an increase in 

solubility with temperature and a 

major role played by enthalpic 

effects to solvation. This behaviour 

is similar to the one observed for β-

CD in other ionic liquids (Zheng et 

al., 2010) and in different 

monosaccharides dissolved in other 

ILs (Paduszyński et al., 2013; Teles 

et al., 2016). 

 

Selected mixtures of α-, β- and γ-CD in [C2mim][AcO], have been characterised by SAXS, in order 

to probe the potential degree of aggregation of CDs in the chosen solvent. The clustering of CDs in 

water and other media has been reported (Coleman et al., 1992; Miyajima et al., 1983; Szente et al., 

1998) and acknowledged as a potentially detrimental effects (e.g. poorly soluble aggregates and 

unwished drug-CD interactions) (Loftsson et al., 2019). CD aggregation in water is a debated issue: 

NMR studies (A. J.M. Valente et al., 2017; Artur J M Valente et al., 2015) do not prompt for the 

 

Figure 2. SAXS patterns from x-CD solutions. Patterns 

measured at 20°C for 1 % mol. solutions of α-, β- and γ-

CDs in [C2mim][AcO]. The continuous lines correspond 

to the fit in terms of isolated CDs dissolved in the solvent. 

 



existence of CDs aggregates in water and SAXS/SANS experiments conducted on β- and γ-CDs in 

dilute solutions in water did not show evidences of aggregates up to 6 and 42.9 mg/mL, 

respectively. (Kusmin et al., 2008) However, light scattering probed CD aggregates even in dilute 

solutions in water (12 mM) (Bonini et al., 2006; González-Gaitano et al., 2002). Herein, we are 

exploring a concentration range of the order of 65 to 87 mg/mL, depending on the CD 

(corresponding to 1 % mol.). Figure 2 reports the experimental SAXS patterns from x-CDs in 

[C2mim][AcO] at 1 % mol. concentration, at ca. 20°C, together with their fit in term of the above 

described monodisperse, hard sphere, core-shell model. The model nicely accounts for the 

scattering features, without the requirement for consideration of CD aggregates. We also 

characterised more concentrated solutions (up to 800 mg/mL for the most concentrated mixtures 

with β-CD), in the temperature range 10-90 °C. The corresponding SAXS data are reported in 

Figures ESI-1 and indicate that there are no CD flocking effects over the probed 

concentration/temperature range. Accordingly, we can validate the hypothesis that [C2mim][AcO] 

behaves as an excellent solvent for x-CDs, hindering their aggregation even at very high 

concentration. Such an important conclusion prompts for exploitation of CDs in the present solvent 

(e.g. for separation or host-guest opportunities) and calls for the assessment of the fundamental 

solvation features of [C2mim][AcO] towards x-CDs. 

MD simulations were developed for the three mixtures (c=2 %mol., equivalent to ca. 150 mgx-CD 

/mLIL) at 323 K, ensuring that equilibrium is achieved and reliable statistical robustness is achieved 

across the simulations. Additionally, a comparable quality MD simulation was conducted for neat 

[C2mim][AcO], at the same conditions. This simulation led to an equilibrium  value for density of 

1.068 g/cc at 323 K, (experimental value: 1.0834 g/cc (Oliveira et al., 2015)). We also derived the 

X-ray and neutron scattering static structure factor (Figure ESI-2). Neutron data for different 

selectively deuterated samples appear in good agreement with published data (Bowron et al., 2010), 

further validating the structural information extracted from our simulation for neat [C2mim][AcO].  

We will now extract structural details at atomistic level on the nature of x-CDs’ solvation by 

[C2mim][AcO]. Overall, the simulated binary systems showed, in agreement with experimental 

findings, a homogeneous distribution of CDs in the simulation box, without evidences of phase 

separation, as shown in Figure ESI-3. 



A preliminary picture of x-CDs solvation can be extracted by inspecting pair distribution functions 

(pdf) of cation/anion – CD centers of mass (CoM) (Figure 3) accounting for the distribution of 

cation (Figure 3 left) and anion (Figure 3 right) CoM around the reference CD’s CoM.  Therein 

the intramolecular distribution functions of the reference CD atoms are also shown, in order to help 

rationalise 

distributions 

inside and 

outside the CD 

cavity. Both 

ionic species 

appear inside the 

x-CDs, as 

indicated by the 

curves in Figure 

3 for r<4 Å: by 

integration of the 

pdfs, in Figure ESI-4, one can extract that on average 0.6, 1 and 0.9 cations and 0.65, 0.85 and 0.7 

anions are at a distance r<4 Å from the α-, β- and γ-CD CoMs, respectively. Inspection of spatial 

distributions shows that imidazolium rings tend to occupy the access to the CDs, while anions can 

locate inside the CD structure.  

3.1 Organization of ionic species inside x-CD. 

Figure 3 qualitatively indicates a different organization of anion and cation species inside x-CDs: in 

order to better clarify this issue, we monitored in detail the orientation of such species with respect 

to the x-CD axis. Concerning the cation, we monitored the orientation of the imidazolium ring (IR) 

perpendicular axis with respect to the CD axis (angle θ); concerning the anion, the orientation of the 

C-C direction was monitored with respect to the CD axis (angle φ). Figures 4 and 5 respectively 

show the combined distribution functions (cdf) built up for such studies. In Figures 4 a-c, the 

abscissas report the distance between the x-CD CoM and the IR center, d, while the ordinate axis 

reports the angles between the CD axis and the axis normal to the IR. Therein, different hot lobes 

can be detected, corresponding to enhanced probability for the corresponding IR organization inside 

the CD.  The preferred cation organizations inside the x-CD (hottest lobes in Figures 4 a-c, 

  

Figure 3. Distribution of ionic species around reference CDs. Pair distribution 

functions referring to the centers of mass of x-CD (x-=α-, β- and γ-) and 

either Cation (left) and Anion (right) in mixtures of x-CDs dissolved in 

[C2mim][AcO]. The shadowed area refer to the intramolecular distribution 

functions of atoms belonging to the same x-CD. 



highlighted with a black circle) are shown in Figures 4 d-f, for the three x-CDs, respectively. Other 

specific cation organizations, corresponding to other weaker lobes, are reported in the ESI (Figure 

ESI-5). For α-CD (Figure 4 d) and β-CD (Figure 4 e), the IR does not enter the CD cavity, but 

rather locates at the largest CD rim, with the ring axis perpendicular to the CD axis. The other 

(weaker) hot lobes for α-CD and β-CD correspond (case II in Figures ESI-5 and ESI-6, 

respectively) to an IR located at larger distance from the α-CD center with a tilted orientation and 

an IR located well inside the β-CD cavity, with a tilted orientation, the difference between the two 

CDs likely due to their different sizes.  

In the case of γ-CD (Figure 4 f), the IR lies well inside the CD cavity, close to its larger rim, with 

an angle of ca. 60° between the CD axis and the imidazolium one. There are two more (weaker) hot 

lobes in the case of γ-CD. One (case II in Figure ESI-7) corresponds to an IR lying inside the CD 

cavity at the large rim of the cavity; an even weaker spot (case III in Figure ESI-7) corresponds to 

   

   

 

Figure 4. Organization of cations inside CDs. Combined distribution functions of the distance 

imidazolium ring-CD CoM, d, and orientation of the ring with respect to the CD axis, θ, for α-, β- and 

γ-CD (a)-c), respectively). Structural organization of the ring inside the CD corresponding to the most 

common occurrence for α-, β- and γ-CD (d)-f), respectively). 



another conformation with a highly deformed CD geometry and the IR lying again flat at the larger 

rim.  

Overall, the most IR common locations tend to be at the entrance of the x-CD, rather than inside the 

x-CD, although evidences are found of the presence of IR inside β- and γ-CD (lobes at distance 

shorter than 1.5 Å). We remind that reports exist mentioning inclusion of IR inside x-CDs, in 

aqueous solutions (Gao et al., 2005). 

Anions can better approach the interior part of CDs, especially through HB interactions with the 

CD’s hydroxyl groups. In Figures 5 a– f, we show the cdf of anions approaching CD’s center and 

the corresponding most common configurations. 

It appears that in the case of α-CD (Figure 5 a and d), a single hot lobe can be detected 

corresponding to an anion very close to the CD center and with the anion axis C-C parallel to the 

CD axis. In the case of β- and γ-CD, two hot spots can be detected. In the former case, the most 

  
 

 

 

 

Figure 5. Organization of anions inside CDs. Combined distribution functions of the distance anion- 

CD CoMs, d, and orientation of the anion C-C bond with respect to the CD axis, φ, for α-, β- and γ-

CD (a)-c), respectively). Structural organization of the anion inside the CD corresponding to the most 

common occurrence for α-, β- and γ-CD (d)-f), respectively). 

 



common configuration involves an anion fully aligned with CD axis, with the oxygens involved in 

HB interactions with CD’s hydroxyl groups; the weaker spot corresponds (case II in Figure ESI-8) 

to an anion lying at the narrower rim. 

In γ-CD, both organizations involve an anion interaction through HB with the hydroxyl groups of 

the larger rim, but the irregular shape of the CD does not allow a clear picture on the anion 

localization (see also case II in Figure ESI-9). It clearly emerges that for the three CDs, anions are 

always detected close to the CD center, with a strong role of HB in driving this organization. 

 

3.2 Organization of ionic species outside x-CD. 

The steric hindrance of x-CD’s walls prevents accommodation of species at distance between ca. 4 

and 8 Å from the x-CD CoM, as shown in Figure 3. Outside of the x-CD, one distinct cation 

solvation shell can be identified extending up to 12-13 Å. On the other hand, anions tend to develop 

a much better structured solvation pattern around the reference x-CD. They first directly interact 

with the CD’s hydroxyl groups, via HB, leading to a weak peak centred at ca. 6-8 Å.  They then 

develop two solvation shells that extend up to 15-16 Å. Cation and anion solvation shells are 

sequentially distanced from the reference x-CD, according to the order imparted by the x-CD size. 

The first solvation shell is composed by both cations and anions that distribute close to the CDs 

external surface. The anion distribution superimposes, in a jigsaw fashion, to the cation one, thus 

maintaining local electro-neutrality. However, one can notice that cations tend to approach the 

hydrophobic external CD walls at a closer distance and correspondingly anions try to find a location 

where to distribute. Such a situation reflects a specific feature of imidazolium based ILs in solvating 

mono, oligo and poly-saccharides: while anions such as acetate mostly interact with carbohydrates 

through coulombic and HB mediated interactions, imidazolium cations engage in a substantial 

dispersive interaction with carbohydrates. In order to explore this feature, we decomposed the MD 

derived interaction energies of x-CDs with cations and anions in terms of coulombic and dispersive 

contributions. These data are shown in Table 2. Anions show a very large coulombic contribution 

(ca. -10,000 kJ/mol) and a much more limited dispersive contribution (ca. -700 kJ/mol).  

 

 

 



  

Coulombic Interaction Energy 

(kJ/mol) 

Dispersive Interaction Energy 

(kJ/mol) 

Species α-CD β-CD γ-CD α-CD β-CD γ-CD 

CD-cation -413.4 -204.7 -462.7 -3,760.9 -4,565.9 -4,771.0 

CD-anion -8,977.7 -10,935.3 -11,744.0 -676.0 -625.4 -778.7 
  

Table 2. Interaction energies (kJ/mol) between x-CDs and cation ([C2mim]) and anion ([AcO]) 

species. 

In the case of cations, the situation is the opposite: we detect a limited (ca. -350 kJ/mol) coulombic 

contribution and a much stronger (ca. 4,000 kJ/mol) dispersive one. Such a peculiar nature of  

interactions between ions and carbohydrates has been observed for other ILs dissolving e.g. 

cellulose (Liu et al., 2010; Rabideau et al., 2014). These studies highlight the major role played by 

anions in stabilising the solvated carbohydrate via coulombic interactions, with only a minor role 

played by coulombic interactions involving cations. The latter, however, show a very significant 

dispersive contribution to the carbohydrate solvation. Considering the inherently amphiphilic nature 

of CDs chemical structure (Connors, 1997), such dispersive interactions play a fundamental role for 

the efficient solvation of CD’s hydrophobic portion. In order to highlight this effect we monitored 



the orientation of imidazolium rings surrounding a reference β-CD. In Figure 6a, we show a 

reference CD solvated by a representative cation belonging to the first IR solvation layer. It emerges 

that of IRs belonging to the first solvating shell (A-B distance ~ 9.5 Å) tend to distribute around 

CD’s hydrophobic walls in a highly organised way. In particular we detect that the ring normal axis, 

p, is perpendicular to the CD axis, n, (see Figure 6b) and parallel to the line connecting CD and IR 

centers, d, (see Figure 6c), so to maximise dispersive interactions. Such a strongly oriented cation 

layer is responsible for the hydrophobic solvation of CD, while anions surrounding CD walls will 

merely occupy available space among cations, in a jigsaw fashion, to maintain electro-neutrality. It 

 

  

Figure 6. Hydrophobic solvation of CD by imidazolium ring. a) common spatial organization of 

imidazolium ring belonging to the first solvation shell around reference CD. Corresponding CDF 

describing in abscissa the distance ring – CD COMs and in ordinate the orientation of the ring 

with respect to: b) CD axis and c) vector connecting ring – CD COMs. 



follows that such a highly ordered cation layer around CDs eventually hinders the hydrophobic-

driven flocculation of CDs in this medium. 

3.3 HB interactions between ionic species and x-CD. 

HB is the main interaction occurring between CDs and ILs, in particular [C2mim][AcO]. In Figure 

ESI-10, selected pdfs referring to these interactions for the case of α-CDs are shown. Each CD’s 

hydroxyl hydrogen is coordinated by approximately one acetate anion, through a short (rO-H~ 1.75 

Å) and linear (O-H···Oacetate >165°) HB. Other correlations involving acidic cation’s protons (such 

as the H2 in the imidazolium ring) and CD’s oxygen atoms are characterised by longer distances 

and are only weak HBs. In order to better monitor the network of HB taking place in these systems, 

we report in Figure 7 the Sankey diagram (Brehm et al., 2020) visualising the HB network 

established between the different moieties 

present in the α-CD mixture (see figures for 

the other x-CDs in Figure ESI-11). Therein 

it clearly appears the major role played by 

the acetate anion in acting a HB acceptor. 

All the HB donors (belonging to either CD 

or imidazolium) are predominantly involved 

in HB interactions with the acetate oxygen 

atoms (O1, O2). Also CD’s hydroxyl 

oxygens (O2, O3, O6) can efficiently act as 

HB acceptor from the imidazolium HB 

donor sites (H2, H4, H5). 

Cations, on the other hand, interact with CDs 

mostly through dispersive interactions and 

engage HB interactions mostly with acetate 

anions. These observations lead us to state 

that the amphiphilic nature of 

[C2mim][AcO] plays a fundamental role in determining the excellent solvation performances 

towards CDs. ILs with a strong HB acceptor anions, such as the acetate, develop a strong HB-

mediated interaction with the CD hydrophilic portion. In turn, cations, such as imidazolium ones, 

succeed in efficiently solvate CD’s hydrophobic portion, thus weakening hydrophobic interactions 

between neighbour CDs, even at high concentrations and correspondingly hamper CD aggregation.  

 

Figure 7. Sankey plot describing the topology of 

the HB network in α-CD dissolved in 

[C2mim][AcO]. HB donors are reported in the 

left side of the diagrams, while HB acceptors are 

shown in the right side. The number indicate the 

average HB count per atom (black labels for CD 

atoms, blue label for atoms belonging to ionic 

species, as indicated in Scheme 1).  



4. Conclusion. 

 

The fundamental role of the chemical nature of an eco-friendly ionic liquid in efficiently dissolving 

native CDs has been ascertained, using the complementarity of experimental and computational 

techniques. We show that 1-ethyl-3-methylimidazolium acetate behaves as an excellent solvent for 

α-, β- and γ-CD already at ambient temperature. X-ray scattering reveals that even at extreme 

concentrations, CD does not tend to flocculate and isolated CD are well solvated in the mixtures, 

thus enabling supramolecular chemistry applications. Simulations provide atomistic detail on the 

nature of the effective solvation mechanism of the IL towards CDs: while the acetate anion, a strong 

HB acceptor, solvates CD’s hydrophilic moieties, on the other hand, the imidazolium cation 

develops stabilising dispersive interactions with the hydrophobic CD walls, thus effectively 

hampering CD’s hydrophobic driven flocking. If one keeps in mind the recently proposed methods 

to separate carbohydrates from [C2mim][AcO], by means of sc-CO2 treatment, these findings 

might provide useful guides for an eco-friendly development of supramolecular chemistry.  
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