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Abstract: Herein, we report the use of 1,5-naphthalene disulfonic acid (H2NDS) as a
structure-directing agent to construct cucurbit[5]uril-based supramolecular assemblies.
In order to demonstrate the directing role played by HoNDS, {Q[5]-3[H30]-3CI-4H20}
(1) and {Q[5]-H2NDS-12H20} (2) were separately synthesized by recrystallization of
Q[5] from the HCI solution in both the absence and in the presence of H2NDS.
Following the addition of alkali metal cations to the Q[5]-H2NDS system, four novel
assemblies with the formulac {[Na2(H20)2(Q[S])(NDS)o.s]-(NDS)os}  (3),
{{K2(H20)3(Q[5DI-(NDS)}  (4),  {[Rb2(H20)4(Q[5D]-(NDS); ~ (5)  and
{[Cs2(H20)5(Q[5])]:(NDS)} (6) were obtained. Single-crystal X-ray diffraction studies
revealed that all of these metal-containing assemblies have a similar general structure
to that of 2, with the main differences being the coordination modes of the metal cations
in 3-6. Furthermore, dye adsorption experiments revealed that compound 2 is able to
capture acridine red (AR), indigo carmine (IC), crystal violet (CV) and methylene blue
(MB) from aqueous media and the resulting dye-loaded samples can function as solid

fluorescence materials.
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Dyes are a relatively large group of colored organic molecules with complicated
structures that can stain other substances and have been extensively used in various
industrial applications, such as for the production of food, textiles, plastics, paper,
leather, rubber, pharmaceuticals and so on. [1-3] The direct discharge of wastewater
containing dyes is, without any treatment, quite harmful to the environment. Moreover,
due to toxic effects combined with high solubility in aqueous media and difficulties
associated with degradation, dyes can enter the food chain via aquatic life and thus there
is also a significant threat to human health. [4,5] Previous studies have documented that
numerous dyes are hazardous and can cause damage to the central nervous system,
reproductive system, kidney, brain and liver of the human body and can result in even
more terrible effects including carcinogenic, teratogenic, mutagenic. [6-9] Therefore,
there is an urgent need to remove dyes from wastewater, particularly since this has
become one of the main global environment issues. Among the existing developed
treatment methods for dye wastewater, the use of adsorption is the most promising and
is widely used in the immobilization of dyes from wastewater due to its low cost, high
efficiency and easy operation. [10] To-date, a variety of materials have been explored
for their adsorption capability toward dyes, such as zeolites, clays, polymers, hydrogels,
nanocomposites, metal-organic frameworks (MOFs), metal-organic cages, covalent
organic frameworks (COFs) and so on. [11-18]

Recent decades have witnessed a boom in the development of supramolecular
architectures and materials constructed from different non-covalent interactions, such
as m...m stacking, C-H...w interactions, hydrogen bonding, hydrophobic interactions,
electrostatic interactions etc. This has been driven by their fascinating structures and
promising applications in the likes of molecular adsorption/separation, sensing,
catalysis, biomaterials and so on. [19-23] Meanwhile, they also find a role in
wastewater treatment including dye removal. [24-26] As a relatively new generation of
macrocyclic molecules, cucurbit[zn]urils (Q[#n]s, n = 5-8, 10, 14, 15) are pumpkin-
shaped macrocycles composed of n glycoluril units linked by 2# methylene groups. [27]
The distinguishing features of their structure is that they possess a hydrophobic cavity

and two polar portals lined with carbonyl groups, and these features have aroused the



interest of both the supramolecular and coordination chemistry communities since Q[6]
was first structurally determined by Mock and coworkers in 1981. [28-33] The
hydrophobic cavity of the Q[n]s can accommodate specific guest molecules to form
host-guest complexes and the polar portals are capable of coordinating with different
metal ions to afford coordination complexes. [34, 35] In recent years, it has also
determined that the electropositive outer surface of the Q[#]s can be involved in various
non-covalent interactions to build supramolecular materials. [36-41] Therefore, the Q[#]
family has become one of the most attractive molecules in the field of supramolecular
chemistry. With the advancement of studies on Q[#]s, the adsorption capacity of Q[#]-
based materials for the removal of dyes have also been investigated, especially for
porous self-assemblies based on the outer-surface of Q[n]s. For example, Tao and
coworkers reported a Q[10]-[Cd4Clis]*-based pillared diamond supramolecular
framework that could absorb guest dyes, such as rhodamine B, pyrenemethanamine
hydrochloride and bathocuproine hydrochloride, and further generated solid materials
with efficient red-green-blue fluorescence. [36]

Herein, we introduced 1,5-naphthalene disulfonic acid (H2NDS) as a structure-
directing agent and react it with Q[5] and alkali metal ions to build supramolecular self-
assemblies. Firstly, in order to demonstrate the directing role of H2NDS, Q[5]-based
and Q[5]-NDS*-based supramolecular assemblies with the formula of
{Q[5]-3[H30]-3CI-4H20} (1) and {Q[5]-H2NDS-12H20} (2) were obtained by the
recrystallization of Q[5] from HCIl solution in both the absence and presence of H2INDS
respectively. Then, by the introduction of Makaii~ cations into the Q[5]-H2NDS system,
four novel assemblies {[Na2(H20)2(Q[5])(NDS)o.5]-:(NDS)o.5} 3),
{[K2(H20)3(Q[5SDI-(NDS)} (4, {[Rb2(H20)4(Q[SD]I(NDS); ~ (5)  and
{[Cs2(H20)5(Q[5])]-(NDS)} (6) were synthesized. Single-crystal X-ray diffraction
(SC-XRD) analysis revealed that compounds 3-6 possess a similar general structure to
that of 2 with the main difference being the coordination modes of the Maxaii” cations.
Furthermore, dye adsorption experiments were carried out to explore the removal
capacity of compound 2 for dyes. The results revealed that 2 could effectively absorb

acridine red (AR), indigo carmine (IC), crystal violet (CV) and methylene blue (MB)



and the dye-loaded samples could function as solid fluorescence materials.

Experimental section

Materials and methods.

All reagents and solvents were commercially purchased and used as received without
further purification. Q[5] was synthesized according to the previous literature methods.
[42] Elemental analyses for C, H and N were performed on a Perkin-Elmer 240C
Elemental Analyzer. FT-IR spectra were recorded in the range of 400-4000 cm™ on a
Bruker Vector 22 FT-IR spectrophotometer using KBr pellets. Thermogravimetric
analyses (TGA) were conducted on a Mettler-Toledo (TGA/DSC1) thermal analyzer
under nitrogen with a heating rate of 10 °C-min’!. Powder X-ray diffraction (PXRD)
data for all samples were collected at room temperature on bulk samples with Cu Ka
radiation (1.54059 A) on a Bruker D8 Advance X-ray diffractometer, in which the X-
ray tube was operated at 40 kV and 40 mA. UV-vis measurements were carried out at
room temperature on a Shimadzu UV3600 spectrophotometer.

Preparation of {Q[5]-3[H30]-3CI1-4H,0} (1). The powder samples of Q[5] (8.5 mg,
0.008 mmol) were dissolved in HCI solution (0.1 M, 5 mL) and then left to stand at
room temperature. After 3 days, colorless crystals of 1 were obtained in 75% yield.
Preparation of {Q[5]-H.NDS-12H,0} (2). A mixture of Q[5] (8.5 mg, 0.008 mmol)
of 1,5-H2NDS (10.48 mg, 0.008 mmol) was dissolved in 9 mL deionized water with
stirring at room temperature. The solution was sealed in a Teflon-lined stainless-steel
vessel and then heated at 100 °C for 8 h. After cooling to room temperature, orange
crystals of 2 were collected in 36% yield.

Preparation of {{Nax(H20)2(Q[S])(NDS)o.5]-(NDS)o.s} (3). A mixture of Q[5]-10H20
(8.5 mg, 0.008mmol) and NaCl (2.8 mg, 0.048 mmol) in deionized water (10 mL) was
stirred at room temperature for 1 h and then 1,5-H2NDS (5.76 mg, 0.025 mmol) was
added. The resulting mixture was sealed in a Teflon-lined stainless-steel vessel and then
heated at 100 °C for 8 h. After cooling to room temperature, light yellow block crystals
of 3 were obtained in 32 % yield based on Q[5]-10H20.

Preparation of {{K:(H20)3(Q[S])]:(NDS)} (4). Compound 4 was prepared by the



same procedure used for preparation of 3 except that NaCl was used instead of KCI
(3.55 mg, 0.048 mmol). Yellow block crystals of 4 were obtained in 39 % yield based
on Q[5]-10H20.

Preparation of {{[Rb2(H20)4(Q[5])]-(NDS)} (5). Compound 5 was prepared by the
same procedure used for preparation of 3 except that NaCl was used instead of RbCl
(5.80 mg, 0.048 mmol). Yellow block crystals of 5 were obtained in 39 % yield based
on Q[5]-10H20.

Preparation of {[Cs2(H20)s(Q[5])]:(NDS)} (6). Compound 6 was prepared by the
same procedure used for preparation of 3 except that NaCl was used instead of CsCl
(8.08 mg, 0.048 mmol). Yellow block crystals of 6 were obtained in 39 % yield based
on Q[5]-10H20.

Adsorption experiments

In this study, batch adsorption experiments were performed using the following method:
50 mg adsorbent was mixed with 50 mL dye aqueous solution with a certain
concentration in a 150 mL closed conical flask. Stock solutions of the five dyes
including acridine red (AR), indigo carmine (IC), crystal violet (CV), methyl orange
(MO) and methylene blue (MB) were prepared in deionized water (0.05 mM). The
desired experimental solutions of dyes were obtained by successive dilution of these
stock solutions with deionized water. The adsorption of AR, IC, CV, MO and MB on
compounds 2 was studied at different adsorption times (30-150 min) at room
temperature. All the experiments were performed at a constant stirring rate of 300 rpm.
After stirring for a certain time, the adsorbent was removed by centrifugation before
the measurements, and the corresponding supernatant was analyzed by UV-vis spectra
at 527 nm for AR, 286 nm for IC, 575 nm for CV, 464 nm for MO and 664 for MB. The
calibration curves of the dyes were first obtained and used to convert absorbance data

into concentrations during the adsorption experiments.

X-ray crystallography
Crystallographic data collections for 1-6 were carried out on a Bruker Smart Apex II
CCD area-detector diffractometer with graphite-monochromated Mo Ka radiation (A =

0.71073 A) using w-scan technique. The diffraction data were integrated by using the



SAINT program, [43] which was also used for the intensity corrections for the Lorentz
and polarization effects. Semi-empirical absorption correction was applied using the
SADABS program. [44] The structures were solved by direct methods and all the non-
hydrogen atoms were refined anisotropically on F? by the full-matrix least-squares
technique using the SHELXL-2018 crystallographic software package. [45] All non-
hydrogen atoms were refined anisotropically and hydrogen atoms were introduced at
the calculated positions. The details of the crystal parameters, data collection and
refinements for the complexes are summarized in the Table 1, and selected bond lengths

and angles with their estimated standard deviations are listed in Table S1.



Table 1. Crystal Data and Structure Refinements for 1-6.

Compound 1 2 3 4 5 6
chemical C30H30N20017Cl CioH36N2001552Na
formula . CaoH36N20025S2 . CioH36N200198:K> CaoH36N20019S2Rb2 CaoH36N20019S:Cs2
formula weight 1049.09 1309.01 1194.99 1243.21 1351.95 1243.21
crystal system Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
space group Co/m Palc Palc Pa/c Pa/c Palc
al/A 25.082(2) 12.7096(3) 12.469(5) 12.274(5) 12.449(5) 12.681(5)
b/A 14.4962(14) 15.9515(4) 15.956(5) 16.173(5) 16.143(5) 16.214(5)
c/A 14.7769(14) 27.0718(7) 27.061(5) 27.018(5) 26.916(5) 27.109(5)
pr° 101.766(2) 96.4100(10) 95.919(5) 94.661(5) 95.226(5) 96.033(5)
temperature /K 293(2) 193(2) 293(2) 293(2) 293(2) 173(2)
volume /A’ 5259.9(8) 5454.1(2) 5355(3) 5346(3) 5525.5(13) 5543(3)
z 4 4 4 4 4 4
D. /g cm™ 1.325 1.594 1.482 1.545 1.643 1.727
4 /mm’”! 0.254 1.211 0.206 0.348 1.598 6.704
F(000) 2148 2688 2456 2552 964 5005
reflections
collected 4827/3717 9614 /7394 9412 /5339 9399 / 6845 9460 /7174 9695 / 6974
/unique
data / restraints /
4827 /0 /330 9614/0/811 9412 /0 /734 9399/0/752 9460/0/757 9695 /0 /802
parameters
GOF 1.022 1.174 0.1076 1.119 1.009 1.011
R,
R=0.0703, Ri=0.0539, Ri1=0.0644, R1=0.0658, Ri=0.0628, R1=0.0648,
WRy [1> 20 wRx=0.1577 wRx=0.1587 WRx=0.1672 wRx=0.1470 wR»=0.1270 wRx=0.1570
O
Ry, R1=0.0830, Ri=0.0711, Ri=0.973, R1=0.0837, Ri=0.0855 R1=0.0925
WR; (all data) WR>=0.1622 WR>=0.1696 WR>=0.1875 wR>=0.1536 WwR>=0.1436 wR>=0.1656

Ry = Z||Fo| - |Fel/E|Fo). PWRy = [EW(|Fof? - |[Fe)|/ZIw(Fo)*?, where w = 1/[c*(Fo?) H(aP)*+bP]. P =
(F +2F3)/3



RESULTS AND DISCUSSION

Crystal Structure of {Q[5]-3[H30]-:3C1-4H,0} (1). According to the SC-XRD
analysis, compound 1, which was recrystallized by dissolving Q[5] in the HCI solution,
belonged to the monoclinic C2/m space group. As depicted in Figures 1a and 1b, the
adjacent Q[5] molecules generate a one-dimensional (1D) supramolecular chain via the
hydrogen bonds among the carbonyl groups of Q[5], the free H3O" ions, water
molecules and CI anions. A final 3D supramolecular framework was constructed from
these 1D chains via the hydrogen bonds between the methylene/methyne groups at the
outer surface of Q[5] and the free water molecules and CI" anions (Figs. 1c-1e).
Furthermore, hexagonal channels along the c-axis were observed and these channels

are filled by free water molecules and CI” anions (Fig. 1e).
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Figure 1. (a, b) Hydrogen bonding among the carbonyl groups of Q[5], free H3O",
water molecules and Cl™ anions; (¢) The Q[5]-based 3D supramolecular framework with
1D hexagonal channel along the c-axis; (d) Hydrogen bonding between the
methylene/methyne groups at the outer surface of Q[5] and free water molecules and
CI" anions; (e) The final 3D architecture of 1.



Crystal Structure of {Q[5]-H:NDS-12H,0} (2). The SC-XRD analysis revealed that
assembly 2 crystallized in the monoclinic P21/c space group and each asymmetric unit
contains one Q[5] molecule and two crystallographically independent half 1,5-NDS*
anions. As depicted in Figure 2a, the Q[5]s interact with each other via hydrogen bonds
between the carbonyl groups and the free water molecules to give 1D supramolecular
chains and these chains further generate a Q[5]-based supramolecular framework via
m...7 interactions between the carbonyl groups and the hydrogen bonds between the
carbonyl groups and the methylene/methyne groups at the outer surface of the Q[5]
(Figs. 2b and 2c¢). Furthermore, it is worth noting that there are 1D hexagonal channels
along the g-axis (Fig. 2g). As for the sulfonate ligands, the 1,5-NAS? anions join
together to generate 1D supramolecular chains via C-H...w and hydrogen bonding
interactions and these chains are trapped in the hexagonal channels through various
noncovalent interactions between the outer surface of the Q[5] and sulfonate ligands,

such as the @...w, C-H...m and hydrogen bonding interactions (Figs. 2d and 2e).
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Figure 2. (a) Structure representation of the components of 2 and the 1D
supramolecular chain constructed from the hydrogen bonds between the Q[5] and free
water molecules; (b) Interactions between adjacent Q[5] molecules; (¢) The 3D
supramolecular framework constructed from the Q[5]-based chains; (d) The
interactions between the outer surface of Q[5] and 1,5-NAS?*; (e) Final 3D structure of
2; () Interactions between sulfonate ligands 1,5-NAS?; (g) Hexagonal channels in 2.

Crystal ~ Structure  of  {[Nax(H20):(Q[5])(NDS)os]-(NDS)os}  (3),
UK2(H20)3(Q[SD]-(NDS); 4), {[Rb2(H20)4(Q[SD)]-(NDS)} ),

{[Cs2(H20)s(Q[SD]:(NDS)} (6). The SC-XRD analysis revealed that the assemblies 3-

6 possess a similar structure to that observed for 2, with the main difference being the



coordination modes of the alkali metal ions. Each asymmetric unit of 3 contains one
{[Na2(H20)2(Q[5])(1,5-NDS*)o.5]-(1,5-NDS*)o.s} molecule. As shown in Figure 3,
Nal adopted a distorted pentagonal pyramidal coordination geometry and coordinates
with six oxygen atoms including five carbonyl oxygen atoms from the same portal of
Q[5] (06, 07, 08, 09, 010) and one coordinated water molecule (O1W), while Na2 is
bound to three oxygen atom in a distorted triangular pyramidal geometry including one
carbonyl oxygen atom from Q[5] (O8), sulfonate oxygen atom from the ligand 1,5-
NDS?* (015) and one coordinated water molecule (O2W). It can be observed that the
coordination between Q[5] and Nal gave a molecular bowl-shaped coordination
complex and the bonding of Na2 to Q[5] and sulfonate ligands 1,5-NAS* formed
simple ternary Q[5]-Na*-1,5-NDS* coordination compounds. Furthermore, these
ternary coordination compounds interacted with the uncoordinated sulfonate ligands
1,5-NDS? via C-H...n and hydrogen bonding interactions to give 1D supramolecular
chains (Fig. 4) and then generated a 2D supramolecular layer (Fig. 5a) by the use of
m...7m interactions between the carbonyl groups of neighboring Q[5]s and hydrogen
bonding between the methylene groups on the outer surface and the carbonyl groups of
Q[5] (Figure 5b). Finally, these 2D layers assembled into a 3D supramolecular
architecture (Figures 6a and 6b) via noncovalent interactions between Q[5] molecules
and those between the sulfonate ligands 1,5-NDS? and the outer surface of Q[5] (Figs.

3c - 3e).

Figure 3. The coordination environment of Na“ in assembly 3 with displacement
ellipsoids drawn at the 50% probability level. Hydrogen atoms was omitted for clarity.



Figure 4. (a) The interaction among the sulfonate ligands 1,5-NAS? and the outer
surface of Q[5] molecules; (b) The ternary Q[5]-Na*-1,5-NAS?" supramolecular chain.

Figure 5. (a) The 2D supramolecular layer (a) constructed from the Q[5]-Na'-1,5-
NAS? chains through the hydrogen bonding interactions between adjacent Q[5] (b).
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Figure 6. The 3D supramolecular structure of assembly 3 along (a) a-axis; (b) and c-
axis; (¢) through the noncovalent interactions between Q[5]s (d) and those between Q[ 5]
and NDS? (c, e).

According to the SC-XRD analysis, the metal cations in the assemblies 4-6 exhibit



similar coordination modes to Q[5]. In the structures of 4-6, the portals of the Q[5]s are
all covered by alkali metal ions and the distinction mainly lies in the numbers of water
molecules bound to central metal ions (Figure 7). The assembly 4 is taken as a
representative example to illustrate the structural details. As shown in Figure 8, K1 is
coordinated by five carbonyl oxygen atoms from the same portal of Q[5] (O1, O2, O3,
04, O5) and one coordinated water molecule (O1W) in a distorted pentagonal
pyramidal coordination geometry, while K2 is bound to five carbonyl oxygen atoms
from the same portal of Q[5] (06, O7, O8, 09, O10) and two coordinated water
molecules in a distorted mono-capped triangular prism coordination geometry. Each
carbonyl portal of the Q[5] is covered by K cations through coordination to form a
capsule-shaped coordination complex, which then forms a 1D supramolecular chain
through hydrogen bonds among the coordination waters and the carbonyl groups of Q[5]
(Figure 9). These chains can also interact to afford a 3D supramolecular architecture
with 1D hexagonal channels filled by sulfonate ligands 1,5-NAS* (Figure 10).
Compounds S and 6 also have similar 3D supramolecular architectures to that of 4

(Figure S1).

Figure 8. The coordination environment of K' in assembly 4 with displacement
ellipsoids drawn at the 50% probability level. Hydrogen atoms was omitted for clarity.



Figure 9. The 1D supramolecular chains constructed via hydrogen bonds among the
coordination waters and the carbonyl groups of Q[5].
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Figure 10. (a) The coordination environment of K* in 4 with the ellipsoids drawn at the
50% probability level. The hydrogen atoms are omitted for clarity; (b) The 1D
supramolecular Q[5]-K* chain; (¢) The final 3D supramolecular architecture of
assembly 4; (d) The 1D hexagonal channel in 4; (e) The supramolecular 1,5-NAS*
chain built through the noncovalent interactions between sulfonate ligands.

PXRD measurements were conducted to check the bulk-phase purity of the as-
synthesized assemblies 1-6. As shown in Figure S2, the experimental PXRD patterns
of the obtained assemblies all closely matched the simulated patterns obtained from the

SC-XRD data, indicating the phase purity of the obtained assemblies.

Adsorption of Dye by compound 1
As shown in Figure 11, five dyes with different sizes and charges, namely negatively

charge IC, MO and positively charged CV, MLB and AR, were selected to evaluate the



capability of assembly 1 in the adsorption of dyes. Before the adsorption experiments,
samples of 1 were first fully ground and then immersed in solutions of the dyes. Upon
the addition of the powder samples of 1 into the solutions containing the different dyes,
it was observed that the colors of the aqueous solutions of the anionic dyes, AR, CV
and MLB all rapidly lightened and became almost colorless within 180 min, while the
colors of the IC and MO aqueous solutions mostly remained unchanged, which was
also demonstrated by the UV-vis spectra (Fig. 12). As shown in Figure 11, the
absorption bands of AR around 527 nm, CV around 575 nm and MLB around 664 nm
experienced a distinct decrease, while the removal efficiency of AR, CV and MLB
reached 92, 95 and 85 % respectively. Only slight decreases could be observed for the
absorption bands of IC and MO. Such phenomenon clearly indicated that assembly 1
could absorb anionic dyes AR, CV and MLB form aqueous media. Furthermore, in
order to study the adsorption selectivity for dyes, the powder samples of assembly 1
were poured into mixed solutions containing AR/IC, AR/MO, CV/IC, CV/MO,
MLB/IC and MLB/MO separately. As shown in Fig. 13, it was found that the colors of
the mixed solutions all became similar to that of the solutions containing anionic dyes.
Meanwhile, the UV-vis spectra also revealed that the characteristic absorption bands of
the cationic dyes almost vanished while those of the anionic dyes scarcely changed,

which demonstrated the adsorption selectivity towards cationic dyes of assembly 1.
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Figure 11. The structure of the dyes used in this work.
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Figure 12. UV-vis spectra of the solutions containing AR (a), IC (b), MO (c), CV (d)
and MLB (e) after the addition of powder samples of assembly 1; (f) Photograph shows
the change in the color of the solutions containing different dyes upon the addition of

assembly 1.

Considering that the adsorption-based solid materials exhibit different colors after



immersion in the different dye solutions, they may be applied as solid fluorescence
materials. Therefore, the fluorescence properties of dye-loaded 1 were investigated in
the solid state. It is interesting that the interactions of the different dyes with assembly
1 generated different fluorescence phenomena. As illustrated in Figure 14a, loading
assembly 1 with AR, CV and MLB could separately generate a powder that appeared
red, bright-purple and blue under daylight. The fluorescence spectra exhibited that AR,
CV and MLB-loaded assembly induced deep-red, carmine and black-blue fluorescence
emission with the maxima intensities at 630, 350 and 420 nm, respectively. Compared
to the free dyes, the dye-loaded solid materials not only exhibited significant changes
in color but also strengthened the emission intensities. Such results suggest that the dye-

loaded Q[5]-H2NDS assembly could form functional fluorescence materials.

Conclusions

In summary, we have demonstrated the structure-directing role of HaNDS in the
construction of Q[5]-based supramolecular assemblies. By comparing the assemblies
with and without H2NDS, it can be concluded that the outer-surface interactions of Q[5]
with HoNDS have an important effect on the structure of the obtained supramolecular
assemblies. Then, H2NDS was introduced as the structure-directing agent into the Q[5]-
Maikali” system and four novel supramolecular assemblies with similar structure were
synthesized. The main difference among these four assemblies was the coordination
mode adopted by the central metal ions. Furthermore, the Q[5]-H2NDS assembly 2
without any metal ions was found to be capable of absorbing anionic dyes AR, CV and
MLB from aqueous media and the dye-loaded samples could function as solid

fluorescence materials.
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