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Abstract

The present overview summarizes some aspects on supramolecular analytical applications of cucurbit[n]urils and
hemicucurbit[#]urils on the separation of various compounds. Their high affinity for the wide range of compounds forming
host—guest complexes have led to their interesting and practical applications. As such, the involving of these molecular hosts
in sensing, chromatographic separation, extraction studies, and membrane transport along with their ability to molecular
binding selectivity are shortly outlined in this contribution.
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Introduction a challenging interdisciplinary field with a wide range of
applications and a strong impact in analytical sciences.

Starting from Prof. Lehn’s definition [1] of supramolecular =~ Recently, Prof. Anslyn [2, 3], has named “supramolecu-

chemistry as the “chemistry beyond the molecule”, during
the last two decades, supramolecular chemistry has become
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lar analytical chemistry” the field that involves the inte-
gration of analytical and supramolecular chemistry high-
lighting the analytical chemistry applications of synthetic
chemical structures concerning molecular recognition and
self-assembly.
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It should be noted that the macrocyclic receptors like
crown ethers, cryptands, cyclodextrins, calix[n]arenes, calix-
pyrroles, cucurbit[n]urils, and pillar[n]arenes are known as
attractive hosts in host—guest chemistry having the ability to
encapsulate a wide range of molecules and to release them in
suitable conditions. The property as building blocks of these
macrocyclic compounds makes them competitive candidates
for the design and synthesis of the desired supramolecular
aggregated architectures with applications ranging from
smart materials, mechanical devices, stimuli-responsive
materials, drug delivery systems, catalytic activity, nano-
science and separation science [4—16]. Moreover, molecu-
lar recognition and host—guest interactions are responsible
for synthesis of functional supramolecular materials. The
switching and functional abilities into materials are intro-
duced by non-covalent interactions like hydrogen bond-
ing, n—r staking, donor—acceptor interactions, hydrophobic
interactions, and metal coordination interactions which are
reversible bonds and have the ability to confer interesting
dynamic properties of these supramolecular materials, too
[17-19]. The development of the stimuli-responsive supra-
molecular polymers based on cyclodextrins, cucurbit[#]urils,
and calixarenes in aqueous solution and their functionality,
constructed via host—guest hydrophobic effects, ion—dipole
interaction or electrostatic interactions lead to the develop-
ment of new smart materials and the biocompatible func-
tional materials.

The family of cucurbit[r]urils (CB[n], n=5-8, 10,
13-15) with its relatively rigid structure and hydropho-
bic cavities ranging from~4.4 to~12.5 A depending on
the glycoluril units, accessible by two identical carbonyl-
fringed portals (Fig. 1) exhibits remarkable high binding
affinities as a molecular hosts for a large and diverse guests
with potential applications in various fields [7, 20-23]. The
ability of cucurbit[n]urils to form complexes in aqueous
media depends on the solubility of the CB[n] members [5].
Because of their possibility to be designed and function-
alized according to the desired analytical or bioanalytical
applications, cucurbit[n]urils and their derivatives become
interesting supramolecular host molecules. In this respect,
by enhanced their cavity size and solubility, the new mem-
bers were synthesized with new attractive analytical and
bioanalytical applications [24, 25]. The multiple binding
forces involved in complex formation of CB[n] with various
compounds as we mentioned before such as ion—dipole, n—x
staking, hydrogen bonding, dipole—dipole, or hydrophobic
interactions are responsible for the stable inclusion or exclu-
sion complexes formation.

Developing further the same topics, Stoddart obtained in
1992, the first derivative of CB [5], namely Me,CB [5, 26]
followed by the Kim’s group with cyclohexanecucurbit[#]
urils (CycHsCB [5] and CycH4CB [6, 27] and subsequently
acyclic cucurbit[n]uril-type receptors synthesized by Isaacs’
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Fig. 1 Chemical structures of cucurbit[n]urils (CB[n], n=5-8, 10,
13-15)

group [28]. Moreover, the functionalized CB[n] [29, 30]
was reported, inverted-CB[#n], nor-sec-CB [6], bis-nor-sec-
CB [10], along with the first chiral member of this family
(+)-bis-nor-sec-CB [6] synthesized by the Isaacs and co-
workers [31] (Fig. 2).

Likewise, a number of new members of the cucurbit[n]
uril family like hemicucurbit[n]urils (n=6, 12) [32-35],
chiral cyclohexylhemicucurbit[6]uril [36], chiral (all-R)-
cyclohexanohemicucurbit[8]uril [37], bambus[6]urils
[38], and biotin[6]urils [39, 40] have recently enriched this
family. Even, the synthesis of the first enantiomerically
chiral bambus[n]urils was reported [41]. It is worth men-
tioning that, in recent years, some meaningful books and
reviews dedicated to cucurbit[n]urils and their homologues
and derivatives, have been published, which outline their
molecular recognition properties with a wide range of guest
molecules as well as their potential analytical, pharmaceu-
tical, and biomedical applications [42—45]. Further signifi-
cant contributions concerning the supramolecular chemistry
of hemicucurbit[n]urils and their derivatives both in water
and in different organic solvents together with their anions
molecular recognition have been reported [35, 46].

Thus, based on molecular recognition properties of
cucurbit[z]urils and their derivatives towards various guest
molecules, especially biomolecules, the present overview
shortly highlights some potential analytical applications of
them with a focus on compounds separation.



Journal of Inclusion Phenomena and Macrocyclic Chemistry (2020) 98:137-148 139

Fig.2 Chemical structures of a nor-sec-CB [6] and b (+)-bis-nor-sec-CB [6]

Involvement of cucurbit[n]uril in sensing
applications

The rapidly growing field of sensors and biosensors as well
as separation of various compounds based on cucurbit[xn]
urils with high selectivity and efficiency have received
considerable attention. Thus, the chemical sensors based
on cucurbit[n]uril were employed in monitoring of some
biophysical processes and enzymatic reactions emphasiz-
ing their high affinity towards specific analytes, as well as
host—guest binding kinetics [20, 47, 48]. The supramolecu-
lar sensing by using macrocyclic receptors are outlined
along with its potential analytical applications.

A recent report concerning the applications of
cucurbit[n]urils in medicinal chemistry and chemical
biology of Das et al. [49] has highlighted the remarkable
properties of CB[n]s based on low cytotoxicity and molec-
ular recognition abilities towards bioactive (or residues)
compounds with applications in drug formulation, deliv-
ery and controlled drug release, together with sensing for
bioanalytical field.

Most recently, some aspects on the progress made in bio-
chemical sensing with macrocyclic receptors namely cyclo-
dextrins, calixarenes, cucurbit[n]urils and cavitands have
been reported by Pinally et al. [20]. As such, in their review
on biochemical sensing with macrocyclic receptors, apart
from cyclodextrins, calixarenes, pillar[n]ene, and cavitands,
they highlighted some aspects concerning the involvement
of cucurbit[n]urils in sensing applications. So that, the pos-
sibility to employ CB [6], CB [7] and CB [8] with internal
cavity volumes of 164 10\3, 279 A3, and 479 A3, respectively
[50], and some of their derivatives for the development
of electrochemical sensors or amperometric detection of

acetylcholine using CB [6] in terms of sensitivity and selec-
tivity have been investigated.

By using three fluorescent acyclic cucurbiturils with flex-
ible cavity and fluorescent walls, Shcherbakova et al. [51]
designed chemosensors for the detection of opiate drugs
like heroin, morphine, and oxycodone (Fig. 3) along with
their metabolites in water and urine. It was suggested that,
the fluorescent modification of terminal walls is responsible
for the recognition of drugs by cucurbiturils. The nature of
the binding interactions involved was studied by molecular
dynamics, which supported the author’s hypothesis. The
results revealed the high properties of fluorescent acyclic
cucurbiturils as supramolecular hosts and also, their impact
in high-throughput clinical settings acting as chemosensors
for opiate drugs and their metabolites.

The detection of Zn>* and Cd** [52], compounds with the
vital role in biological processes was performed by means
of fluorescent sensors bearing a benzimidazole fluorophore
and a bis(pyridylmethyl) chelating group, which form a
1:1 host—guest complex with CB [7]. The coordination of
Zn>* and Cd** by host—guest complex formed was carried

O

pe
{ g
o =
Cc

Fig.3 Chemical structures of a morphine, b heroin, and ¢ oxycodone
[51]
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out employing fluorescence measurements and '"H NMR
spectroscopy.

In a seminal review about acyclic cucurbit[n]uril-type
receptors, Isaacs and Ganapati highlighted the properties
of these compounds such as molecular recognition, lack of
the toxicity and synthetic modularity along with potential
chemical and biochemical applications [28]. Thus, the acy-
clic CB[n]-type receptors can be used as solubilizing excipi-
ents for insoluble drugs, as a broad spectrum reversal agent
for neuromuscular blocking agents, as component of sensor
arrays, and reversal agent for intoxication with methamphet-
amine. The preparation of water-soluble acyclic cucurbituril
derivatives open potentially applications of these receptors,
especially in biomedical field [53] Along the same line of
reasoning, the employment of functionalized macrocyclic
receptors including cucurbiturils and their derivatives in the
development of electrochemical sensors has recently been
presented by Luo et al. [54]. Modifying the glassy carbon
electrodes with graphene and cucurbit[n]urils, an electro-
chemical sensor for detection of L-tryptophan was developed
for the first time by Buaki-Sogo et al. [55]. Moreover, an
electrochemical sensor for dopamine, important biomarker
for diseases, was developed to enhance the selectivity and
sensitivity by using PVC and Nafion as matrixes to incorpo-
rate CB [8] (Fig. 4) on glassy carbon electrode [56]. Like-
wise, Schermann and co-workers [57] designed a selective
supramolecular photochemical sensor based on the compl-
exation abilities of a fluorescent water soluble complex of
perylene bis(diimide) dye with cucurbit[8]uril for the deter-
mination of dopamine in aqueous media with a detection
below 2x 107 M.

Moreover, it was demonstrated the selectivity of this
method in the presence of interfering compounds, such as

Fig.4 Chemical structure of cucurbit[8[uril
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ascorbic acid and catecholamines. Continuing on the sens-
ing applications of CB [8], Nau and co-workers [58] devel-
oped a label-free in situ method to monitor reactions in real
time by sensitive self-assembled fluorescent supramolecular
chemosensors. The self-assembled fluorescent chemosens-
ing ensembles based on large cucurbit[8]uril and suitable
dicationic fluorescent dyes provide a platform to monitor
in situ enzymatic reactions for various substrates carrying
aromatic recognition motifs. By using 12 different enzymes,
catalyzing redox, and hydrolysis reactions within a large pH
range, the authors emphasized the wide scope of the pro-
posed method. It is worth mentioning that the enzymatic
conversions were followed in real time and enzyme-kinetic
parameters were accessible. Thus, the authors consider that
the developed associative chemosensing strategy could find
relevant applications in pharmaceutical research, enzymatic
reaction screening and act as an analytic tool in biochemical
field (Fig. 5).

Along the same topics of sensing, Florea and Nau [59]
have applied for the first time a fluorescent dye displacement
technique to the real-time monitoring of gas binding. In this
respect, a method for quantification of volatile hydrocarbons
binding with cucurbit[6]uril in aqueous solution has been
developed. In addition, Barrow et al. [60] proved that aryl-
bisimidazolium guests can adjust the cavity space of cucur-
bit[8]uril in order to facilitate binding gaseous and volatile
hydrocarbons with higher selectivity towards unsaturated
ones. Due to the fluorescence of aromatic units the binding
process can be directly monitored. The authors emphasize
the possibility of aryl-bisimidazoliumeCB [8] systems to be
used in evaluation of intermolecular interactions.

Based on selective molecular recognition of cucurbit[6]
uril derivative, namely (allyloxy);,CB [6] towards acetyl-
choline, known neurotransmitter, forming a stable 1:1 inclu-
sion complex, Kim et al. [61] developed an ion-selective
electrodes with high selectivity of acetylcholine over cho-
line as well as other interfering ions like dopamine, NH,*,
N(CH;)," and N(CH,CH,),* (Fig. 6).

On the same topics, Kim and co-workers reported the
design of biosensors based on organic field-effect transistors
(OFET) functionalized with CB [6] derivative that exhibit
a detection limit down to 1x 107'2 M for acetylcholine in
the human central nervous system without any enzymatic
reactions. Thus, there are some orders of magnitude lower
compared with the ion-selective electrode-based sensors.
These biosensors also displayed selective discrimination of
acetylcholine over choline [62].

By using a CB [7] functionalized electrode, Cao and col-
leagues [63] investigated a novel electrochemical strategy
for protein detection. As a consequence, the method devel-
oped combines the host—guest properties of CB [7] with
the immobilization-free homogeneous assay showing good
results for the osteopontin detection in serum samples with
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high specificity and good reproducibility. The CB [7] ability
to encapsulate drugs of abuse into its cavity was emphasized
by the X-ray crystal structure of CB [7] and methampheta-
mine in a study of Isaacs and co-workers [64].

Based on the use of fluorescent dyes in supramolecular
chemistry, such as to measure thermodynamics of host—guest
binding together with the kinetic of enzymatic reactions [65]
the design, synthesis, and characterization of a conjugate
cucurbit[7]uril and a fluorescent dye tetramethylrhodamine
together with the characterization of its optical, guest bind-
ing, and cellular uptake properties were reported by Bockus
and coworkers [66]. The selected guests for binding experi-
ments by conjugate cucurbit[7]uril are shown in Fig. 7. So
that, this conjugate cucurbit[7]uril and tetramethylrhoda-
mine may be used for continuous sensing applications and
as a single component reporter for supramolecular enzyme
assay.

The first supramolecular indicator-displacement assay
based on cucurbit[r]uril, which may act for detection
of memantine (Fig. 8) in blood serum was reported by
Sinn and coworkers [67]. They introduced a new class of

HoN N — —
2 \HL”/\[Or \/U\OH
1

2
©/ C NH,
N
HZN/\/\/\/ Ha HoN
3 4

Fig.7 Chemical structures of guests: 1-H-Phe-Gly-Gly-OH,
2-Methyl viologen dichloride hydrate, 3-Hexamethylenediamine,
4-Para-xylylenediamine [66]

ultra-high-affinity emissive indicator dyes based on a [2.2]
paracyclophane-based dye family connected to a pyridinium
group which, in combination with cucurbit[8]uril, would
be a good indicator-displacement assay for the sensing of
Alzheimer’s drug memantine in blood serum. Likewise, a
colorimetric sensor array for the identification of primary,
secondary, tertiary, aliphatic and aromatic amines in water
based on supramolecular host — guest inclusion complexes
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"NH;CI™

OH

Fig.8 Chemical structure of memantine [67]

in cyclodextrins and cucurbiturils was reported by Montes-
Navajas et al. [68].

The chirality is one of the most significant property of
biological compounds such as amino acids, peptides, pro-
teins or synthetic compounds like drugs. Therefore, chiral
sensing, chiral recognition, and separation are important
targets in chemistry especially in bioanalytical and analyti-
cal chemistry. Biedermann and Nau [69] developed a very
innovative method based on self-assembled, achiral host,
cucurbit[8]uril-dicationic dyes pairs that report micromo-
lar concentrations of water-soluble chiral aromatic analytes
through signals of induced circular dichroism in the near-
UV or visible regions. Moreover, the authors revealed the
introduction of supramolecular chirality sensing ensembles
for monitoring enzymatic or catalytic reactions.

_038/\/\ 0

—033\/\/0

Fig.9 Chemical structures of acyclic cucurbit[r]urils 1 and 2 [70]
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Prabodh et al. [70] clearly demonstrated that the forma-
tion of chiral supramolecular host—guest complexes self-
assembled from achiral, chromophoric receptors such as
acyclic cucurbit[n]urils (receptor 1 and receptor 2, Fig. 9)
and molecular tweezers and chiral (non)-chromophoric
guests like terpenes, steroids, amino acids, peptides, and
drugs in aqueous media gave information with character-
istic circular dichroism spectra. Thus, these findings can
be used for chirality sensing, compounds identification or
for the reaction monitoring.

The first chiral member of the CB[n] family, namely
cucurbit[n]uril-( +)-bis-nor-seco-CB [6] obtained, isola-
tion, and characterization by Isaacs and co-workers [31]
participates in diastereoselective recognition processes
with guests that contain stereogenetic centers including
amino acids, amino alcohols, and meso compounds.

There have been some reviews which outline aspects
of chirality sensing systems as well as fundamental issues
on CB[n] chiral applications [46, 71-73]. As for instance,
Mandadapu et al. [74] outlined the possibility of achiral
cucurbituril to create nano-chiral-space within their cavi-
ties in order to accommodate up to two molecular guests.
Moreover, the chiral sensing applications of CB[n]s in
enantioselective supramolecular catalysis was reported
[75].
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Involvement of cucurbit[n]uril in extraction
separation

Zheng et al. [76] developed a method for the separation
and preconcentration of nitroaromatic compounds in water
and blood samples by polymer monolith microextraction
obtained through incorporating of cucurbit[6]uril monoro-
taxane in monolithic poly(glycidyl-co-ethylene dimeth-
acrylate) capillary columns. In this way, the column effi-
ciency enhanced by 24.5-35.5 fold and reproducibility of
the method was of 4.1-11.2% and 2.1-9.6%. The interac-
tions involved in this process are hydrophobic interactions,
electrostatic interactions, hydrogen bonds, and n—x inter-
actions between CB [6] monorotaxane and nitroaromatic
compounds.

In order to analyze essential oil from Pogostemon Cablin,
an efficient method using a novel solid-phase microextrac-
tion fiber that contain cucurbit[7]uril-based coordination
nanotubular polymer followed by gas chromatography—mass
spectrometry was developed [77]. In this way, twenty-five
compounds in Pogostemon Cablin were identified and
results obtained highlighted the good potential of novel fiber
containing CB [7]-based porous supramolecular polymer.

Based on the enhancement of the fluorescence intensity,
Huang et al. developed a method for determination of thia-
bendazole from aqueous solutions by using cucurbit[6]uril,
cucurbit[7]uril (Fig. 10) and symmetric tetramethyl-cucur-
bit[6]uril as receptors and a fluorospectrometry method [78].

In order to develop a method for the preconcentration
of estrogen in cosmetic samples, was realized by in situ
polymerization process a poly(butyl methacrylate-co-
ethylene dimethacrylate) monolithic column modified
with allyloxy-cucurbit[6]uril. This modified column was

Fig. 10 Chemical structure of cucurbit[7]uril

combined with high performance liquid chromatography.
The performed experiments emphasized good results con-
cerning the linearity, low limits of detection, and rela-
tive standard deviations. The responsible for extraction
efficiency of this modified monolithic column are hydro-
phobic interactions, hydrogen bonding, and n—= staking
interactions [79]. A patent on stationary phase using
cucurbituril bonded silica gel, and separation method of
taxol using the column was reported by Kim et al. [80].
An aqueous-compatible resin with covalently immobilized
cucurbit[7]uril was performed by Urbach and co-workers
[81] and used it for the recognition of native insulin and
human growth hormone on the basis of its N-terminal
phenylalanine.

Discovered by Miyahara et al. [32], hemicucurbit[n]
urils (HemiCB[n], n=6, 12) (Fig. 11) contain half of the
cucurbit[n]uril structure and they usually bind anions in
their cavity [33-35, 46]. Since then, many functionalized
hemicucurbit[n]urils, even chiral hemicucurbiturils were
synthetized with the possibility of chiral anions recogni-
tion [36, 37, 82].

Based on molecular recognition properties of
hemicucurbit[n]urils, n =6, 12) towards a series of amino
acids native and methyl esters, they were extracted from
an aqueous phase (pH 5.5) into a chloroform phase as
ion pairs in the presence of tropaeolin 00 as counterion
by means of liquid-liquid extraction [83]. The results
obtained highlighted the good extractability of the both
receptors towards amino acids methyl esters compared
with the native amino acids. Likewise, the structure of
amino acids and hemicucurbiturils along with the coun-
terion nature, pH of aqueous phases, the nature of the
solvent and the thermodynamic equilibrium influenced
the extraction efficiency. More affinity of both receptors
was observed for the hydrophobic amino acids, namely,
L-PheOMe, L-LeuOMe and L-ValOMe.

Hemicucurbit[n]uril

Fig. 11 Chemical structure of.hemicucurbit[n]urils, n=6, 12
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Involvement of cucurbit[n]uril
in chromatographic applications

The structure and molecular recognition properties of
CB[n]s towards various compounds due to their hydro-
phobic cavity and two identical carbonyl-laced portals led
to their employment for both as stationary phase in gas
chromatography as well as mobile phase in liquid chro-
matography. Moreover, the structure of CB[#n] is chemical
inert and exhibits thermal stability. Briefly, all the above
characteristics of CB[n]s render them excellent candidates
to chromatographic separation. As such, the investiga-
tion of CB[n] and their derivatives in chromatographic
separation as stationary phases for gas chromatography,
liquid chromatography, and capillary electrochromatog-
raphy, due to their properties, have attracted the interest
of some research groups [84]. In this respect, a new sta-
tionary phase for capillary gas chromatography based on
monohydroxycucurbit[7]uril incorporated into sol-gels
together with poly(dimethylsiloxane) was synthesized
[85]. Chromatographic parameters like column efficiency
and McReynolds constants were investigated along with
separation of various compounds, solvent and thermal sta-
bility, retention of analytes studied and separation mecha-
nism. The high selectivity and good resolution towards a
large variety of compounds emphasize the potential of this
stationary phase used in capillary gas chromatographic
separation.

Starting with the experiments of Liu et al. [8§6] concern-
ing the anchored of perhydroxyl-cucurbit[6]uril on silica
gel as a hydrophilic-interaction chromatographic station-
ary phase for separation of some alkaloids, the studies of
potential applications of CB[n]s in chromatography have
increased. The results obtained, showed a good separa-
tion of alkaloids investigated. Later on, a cucurbit[6]uril
anchored silica gel was synthesized by reaction of peral-
lyloxycucurbit[6]uril and mercaptopropyl functionalized
silica gel and characterized to be use as stationary phase
in chromatographic separation [87]. Kim and co-workers
[88] prepared a CB [6]-anchored stationary phase by cross
polymerization and double end-capping between allylsilica
and perallylloxycucurbit[6]uril characterized by elemen-
tal analysis and FT-IR methods. The authors have proven
a good separation of nonpolar and polar compounds by
using this stationary phase. It was highlighted that the
separation performance of this phase was better than the
C18 phase.

The first report on CB [6] in combination with guani-
dinium-based ionic liquid as a stationary phase in capil-
lary gas chromatography by using sol—gel coating method
is due to Wang et al. [89]. The authors highlighted the
higher resolution of capillary gas chromatographic
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separation based on CB[n]s compared with the other chro-
matographic techniques opening the way of applications
in separation science. By including a cucurbit[7]uril with
a guanidinium-based ionic liquid into binary stationary
phase for gas chromatographic separations, good selectiv-
ity and separation of various compounds were performed
[90]. In this respect, the good repeatability and thermal
stability of column together with unique retention mecha-
nism and multiple molecular interactions involved in this
process were mentioned by the authors.

On membrane separation

As mentioned above, it is well-known that macrocyclic
receptors such as crown ethers, cyclodextrins, calixarenes,
calixpyrroles, and pillar[n]arenes are excellent hosts in
molecular recognition of chemical and biochemical com-
pounds, sensing or separation science [5, 14, 91-99]. Com-
pare to these macrocyclic receptors, cucurbit[n]urils and
their derivatives exhibited a few applications on compounds
separation, especially membrane methods [13, 46, 100]

Nau and co-workers [101, 102] report the introduction a
label-free, fluorescence-based method to monitor membrane
transport of cell-penetrating peptides in real time. In this
respect, a macrocyclic host and a fluorescent dye forming a
host-dye reporter pair are encapsulated inside phospholipid
vesicles. The method was validated and the authors empha-
sized that supramolecular transport assays offer a comple-
mentary tool in membrane research.

The use of membranes to enantiomeric separation is a
promising methodology due to low energy consumption,
different materials employed, simplicity, and possibility to
be integrated into other separation techniques. It is known
that the enantiomers may have different activities, thus their
separation is of current interest, especially in drug devel-
opment and biochemistry [103]. Overall, multiple studies
demonstrated the significant progress made in the field of
potential applications especially in biological and analytical
chemistry, too.

Along the same line of reasoning, it was performed an
active transport assisted by pH gradient of amino acids
methyl esters as ion pairs in the presence of tropaeolin 00
as counterion through chloroform liquid membrane from
aqueous source phase (pH 5.5) by hemiCB [6] as carrier in
receiving phase (pH 1.5) [13, 83]. The results of transport
suggested that the receptor hemiCB [6] exhibited good trans-
port ability for L-LeuOMe, L-PheOMe and L-CysOMe. As in
the extraction experiments, the hydrophobicity of the amino
acids is one of the most important parameter together with
the carrier structure, pH, and the nature of the counterion.

One of the most interesting application of cucurbit[6]
uril is given by its involvement in designing a new type of
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nanofiltration membrane based on functional combination
between host—guest chemistry of CB [6] and piperazine fol-
lowed by their incorporation in the selective layer via inter-
facial polymerization [104]. Thus, the creative membrane
was designed and two selective transport tunnels, such as
polyamide network tunnels and rotaxane tunnels, were real-
ized. This new type of membrane was employed in organic
solvent nanofiltration with good results.

By incorporating CB[#] (n=6, 8) onto the polymerization
layer, the obtained membranes with controllable nanostrand
structures through a host—guest strategy were reported by
Tang et al. [105]. This kind of membrane shows good sepa-
ration for isopropyl alcohol and water by condensing the
initial 0.5 wt % isopropyl alcohol aqueous solution to 9.0 wt
%. The concentration of diethylenetriamine chosen as guest
for CB[n], n=6, 8 and the type of receptor show a strongly
influence on membrane surface structure. The authors
highlighted that these membranes could be used for alcohol
condensation in the biological fermentation entailing the
decrease of energy consumption and postprocessing costs.

Concluding remarks

This brief overview has shortly highlighted potential
analytical applications of hosts, cucurbit[n]urils and
hemicucurbit[n]urils along with their derivatives in sens-
ing and separation science like extraction, chromatography,
and membrane towards specifically targeted guests. It worth
noting that the binding abilities of host—guest complexes are
controlled by n—r stacking interactions, hydrogen bonding,
van der Waals forces, cation-r and hydrophobic interactions.

These macrocyclic compounds and their derivatives pos-
sess such particularly attractive properties derived from their
structures, which may open new directions in separation sci-
ence not enough exploited so far, except in the biomedical
field. As such, there is still work to do on the topics in order
to unveil and enlarge the applications in supramolecular ana-
lytical chemistry.
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