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A Selective Fluorescent Sensing of H2PO4
- by the Formation of 

Anion Induced Self-Assembly Supramolecular Polymer †
Paula Sabater,a Fabiola Zapata,*a Adolfo Bastida,b Antonio Caballero*a

The utilization of anions to induce the formation of self-assembled supramolecular polymers in solution is an undeveloped 
area of host–guest chemistry. We report in this manuscript a comparative study of two tripodal anion receptors by hydrogen 
or halogen bonding interactions to form self-assembly supramolecular structures induced by the presence of anions. DOSY 
NMR and DLS experiments provided evidence for the formation of supramolecular structures in solution in both halogen 
and hydrogen bond donor with H2PO4

- anion. The nucleation and elongation constants obtained by the thermodynamic 
model indicate that the polymers grow following an isodesmic mechanism. Emission studies demonstrate that only the 
formation of the supramolecular polymer between halogen bond donor receptor and H2PO4

- anions results in the apparition 
of the excimer emission band.

Introduction
Anion coordination is an important issue in supramolecular 
chemistry. Despite the progress done in the past two decades, 
this research field continues being one of the most active within 
the supramolecular chemistry research field and therefore a 
considerable number of new anion receptors are reported each 
year.1-8 Anion receptors are designed to selectively recognize 
anionic species, the selectivity mostly depends upon size and 
shape complementarity between the receptor and the anion. In 
general, the most employed anion receptors are those with a 
preorganised and rigid structure because of the energy of the 
interaction is intrinsically low and a cage-shaped system can 
afford additional stability to the receptor–anion complex.9

The most popular non-covalent interaction used for anion 
recognition has been hydrogen bond.10-16 Very recently, the 
utilization of other elements belonging to groups 14 to 17 have 
been used in the anion recognition field17-22 due to the presence 
of a positive charge region so-called σ-hole. The origin of the 
attraction is caused by the anisotropy of the electronic density 
in the atoms where regions of positive (σ-holes) and negative 
(σ-lumps) electron density are originated.23,24 Between the 
atoms which present holes, halogen atoms have 
undoubtedly been the most explored and a remarkable number 
of examples have been described.25-30

In the last years, the interest in the development of new 
supramolecular architectures through the self-assembly of two 
or more molecular components using non-covalent interactions 
has grown tremendously. Despite the successful utilization of 

cation as a template of complicated supramolecular 
aggregation or supramolecular polymer,31-42 the use of anions is 
much less explored, even taking into account that the utilization 
of anions is highly interesting due to their wider range of 
geometries and therefore, the self-assembled architectures 
formed could be different by varying the geometry of the anions 
involved in a self-assembly process. The formation of anion 
induced supramolecular capsules constitutes some of the few 
examples described in which the anions have been used in the 
construction of supramolecular aggregates in solution.43-52 
Recently, the research interests of our group have moved from 
the synthesis of selective anion receptors or sensor by a discrete 
anion-receptor complexes towards the formation of anion 
induced supramolecular polymers.53 Here we describe a 
comparative study of the ability to form self-assembly 
supramolecular structures induced by the presence of anions 
between two tripodal anion receptors by hydrogen or halogen 
bonding interactions. Traditionally, the utilization of tripodal 
molecules has been widely employed in the construction of 
anion receptors where the three arms are orientated in the 
same direction adopting a cone conformation to bind the 
anion.54-63

Herein, we have designed a benzene scaffold based 2-H-
imidazolium or 2-Br-imidazolium substituted tripodal HB and XB 
donor receptor respectively end-capped with anthracene 
groups not only with a fluorescent anion sensing purposed but 
also as a bulky group to favour the formation of supramolecular 
structures instead of the cone conformation.

Results and discussion
The tris-imidazolium receptors 63+·3PF6

- and 73+·3PF6
- were 

prepared by a stepwise procedure which involves the initial 
reaction of 1,3,5-tris(bromomethyl)-2,4,6-Triethylbenzene 1 
with 2-bromo-4,5-dimethyl-1H-imidazole 264 or 4,5-dimethyl-
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1H-imidazole 365 in acetonitrile in the presence of NaOH to give 
the corresponding tris-imidazoles 4 and 5 respectively. A 
subsequent alquilation reaction of 4 or 5 with 9-(bromomethyl) 
anthracene afforded the halogen- or hydrogen-bonding tris-
imidazolium receptors as bromide salts in 42% and 36% yield 
respectively. The desired receptors as PF6

- salt 63+·3PF6
- and 

73+·3PF6
- were obtained in quantitative yield by several 

washings with aqueous solution of NH4PF6 (Scheme 1). The new 
compounds were fully characterized using standard techniques: 
1H NMR, 13C NMR and FAB mass spectrometry.
Anion binding studies

The anion binding properties of the halogen- and hydrogen-bonding 
receptors 63+·3PF6

- and 73+·3PF6
- toward HP2O7

3, H2PO4
, SO4

2, 
HSO4

, NO3
, F, Cl, Br, I, CH3CO2

, C6H5CO2
, ClO4

 and BF4
 

as tetrabutylammoium salts, were initially investigated using 1H 
NMR titration experiments through the addition of different 
anions to solutions of the receptors in CD3CN/CD3OD (8:2 v/v).
Halogen and hydrogen bond donor receptors 63+·3PF6

- and 
73+·3PF6

- respectively have similar 1H NMR spectra in 
CD3CN/CD3OD (8:2 v/v). The only exception is the presence of 
the imidazolium proton Hm at   = 6.37 ppm in the bis-
imidazolium receptor 73+·3PF6

-, which is obviously absent in the 
bis-bromoimidazolium receptor 63+·3PF6

-. Both receptors show 
the same set of signals: the protons of the ethyl group Hj and Hk 
linked to the benzene spacer unit appear in the aliphatic region 
in the range  = 0.152.44 ppm, the methyl protons Hh and Hi 
located at the imidazolium rings appear at  = 1.72-2.48 ppm 

and the protons of the two methylenes attributed to the 
fragments benzeneCH2imidazolium (Hg) and 
imidazoliumCH2anthracene (Hf) appear as two different 
singlets around  4.496.36 ppm, finally the anthracene 
protons (Ha, Hb, Hc, Hd and He) appear in the aromatic region.
The addition of an increasing amounts of SO4

2 (Figure 1), 
HP2O7

3, and H2PO4
 anions to different solutions of the 

receptor 73+·3PF6
- in CD3CN/CD3OD (8:2 v/v) shows the typical 

behaviour of the formation of anion-receptor complex by 
hydrogen bonding interaction. Thus, the signal attributed to the 
imidazolium proton Hm was the most affected, which was 
downfield shifted  = 1.34 ppm when H2PO4

- was added, 
indicating a direct interaction with the anion by hydrogen bond. 
Unfortunately, this signal gradually disappeared during the 
addition of SO4

2 and HP2O7
3 anions probably due to an acid-

base equilibrium with the deuterium of the solvent. Surprisingly 
an important downfield shift in the resonance of the ethylene 
protons Hk ( = 1.08 – 0.35 ppm) was also observed as well as 
in the methylene protons Hg and Hf  = 0.77 – 0.31 ppm and 
 = 0.75 – 0.18 ppm respectively. On contrary, resonance of 
the methyl proton Hd was upfield shifted ( = 1.11 – 0.26 
ppm).
The behaviour observed in the 1H NMR experiment during the 
addition of the previously mentioned set of anions to a solution 
of the halogen bond donor receptor 63+·3PF6

- was remarkably 
different to the discussed previously for the receptor 73+·3PF6

-.
In this case, the presence of HP2O7

3, SO4
2 or F anions in a 

solution of the receptor 63+·3PF6
- promotes the disappearance 

of the resonances attributed to the receptor and the apparition 
of new signals (see the ESI S5–S7†). Mass spectrometry 
experiments indicate that the presence of HP2O7

3, SO4
2 and F 

produce the conversion of the Tris(2-bromoimidazolium) 
63+·3PF6

- into the Tris(2-imidazolone) (see the ESI S8–S9†) which 
is in concordance which previously results described by our 
research group.29

The titration profile obtained after the addition of H2PO4
 to a 

solution of the halogen bonding receptor 63+·3PF6
- in 

Scheme 1. Synthesis of the Halogen and Hydrogen-Bonding 
Tris-Imidazolium Receptors 63+·3PF6

- and 73+·3PF6
-. Reagents 

and conditions: (i) NaOH (1M in H2O), CH3CN, RT; (ii) 9-
(bromomethyl)anthracene, CH3CN, RT; (iii) NH4PF6 in H2O.

Figure 1. 1H NMR spectral changes observed in the receptor 
73+·3PF6

- in CD3CN/CD3OD (8:2 v/v) during the addition of up 
to 3 equiv of SO4

2 anions.
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CD3CN/CD3OD (8:2 v/v) (see the ESI S10†) showed a critical 
transition point when 0.6 equiv of the anion was added. The 
addition of up 0.6 equiv of H2PO4

 did not promote any changes 
in the 1H NMR spectra of the receptor 63+·3PF6

-, but subsequent 
additions promoted a downfield shift of the Hf ( = 0.01 ppm), 
Hg ( = 0.07 ppm), and Hc ( = 0.04 ppm) protons. This 
behaviour suggests a polymerization process rather than the 
typical recognition event.66

The addition of HSO4
, NO3

, Cl, Br, I, CH3CO2
, C6H5CO2

, 
ClO4

 and BF4
  to a solution of the receptor 63+·3PF6

- or 73+·3PF6
- 

did not show remarkable perturbation in their 1H NMR spectra.
In order to distinguish between the formation of the self-
assembly supramolecular polymers and the formation of the 
classical anion-receptor recognition process, diffusion NMR 
experiments (DOSY-NMR) and dynamic light scattering (DLS) 
studies were carried out.
The results obtained by DOSY NMR shown a significant decrease 
in the diffusion coefficient (D) of the receptors 63+·3PF6

- (D = 
17%) and 73+·3PF6

- (D = 21%) (c = 4·10-3 M in CD3CN/CD3OD 
8:2 v/v) when H2PO4

 anions are present which is attributed to 
the formation of supramolecular structures. Interestingly, the 
presence of SO4

2- or HP2O7
3- anions did not cause remarkable 

perturbation in the diffusion coefficient of the receptors 
63+·3PF6

- and 73+·3PF6
- (Table 1). Additional evidences of the 

formation of the supramolecular structures in solution induces 
by the presence of H2PO4

- anions were also obtained by DOSY 
NMR, where a clear dependence of the diffusion coefficients of 
the supramolecular species with the concentration was 
observed, therefore, a gradual decrease in D was obtained 
when the concentration of the 63+·3PF6

- and 73+·3PF6
- was 

increased, which is consistent with the formation of self-
assembled supramolecular structures. In contrast, the diffusion 
coefficients D of the receptors remained practically 
unperturbed at different concentrations (Table 1), indicating no 
aggregation of the receptor in the absence of anions.

Table 1 Diffusion coefficients values of 63+·3PF6
-, 73+·3PF6

- and 
complex formed with different anions in CD3CN/CD3OD (8:2 
v/v). The variation of the diffusion coefficients in percentage is 
shown in parenthesis

DLS measurements at different concentrations (c = 5·10-6 M and 
1·10-5 M) were performed to determine the size of the 

supramolecular polymers in CH3CN. The values of the 
hydrodynamic diameter of the species formed after the 
addition of H2PO4

- to a solution of 63+·3PF6
- were dH (c = 5·10-6 

M) = 113 and dH (c = 1·10-5 M) =227 nm and dH (c = 5·10-6 M) = 
97 and dH (c = 1·10-5 M) = 182 nm for 73+·3PF6

-. As expected for 
this kind of supramolecular structures, a decrease of the 
hydrodynamic diameter with decreasing concentration was 
observed (Figure 2). These results are in good agreement with 
the DOSY NMR results discussed previously.
In a recent paper53 we have shown that the NMR shifts of 
supramolecular polymers can be accurately described using a 
cooperative polymerization model, which is characterized by 
two equilibrium constants KN and KE corresponding to the 
nucleation and elongation steps described by the following 
chemical equilibria

𝐴 + 𝑛𝐵⇄(𝐴𝐵𝑛),  𝐾𝑁 =  
[(𝐴𝐵𝑛)]

[𝐴][𝐵]𝑛(M ―𝑛) (𝟏)

(𝐴𝐵𝑛) + 𝐴 + 𝑛𝐵⇄(𝐴𝐵𝑛)2,  𝐾𝐸 =  
[(𝐴𝐵𝑛)2]

[(𝐴𝐵𝑛)][𝐴][𝐵]𝑛(M ―1 ― 𝑛) (𝟐)

(𝐴𝐵𝑛)𝑖 ― 1 + 𝐴 + 𝑛𝐵⇄(𝐴𝐵𝑛)𝑖,  𝐾𝐸 =  
[(𝐴𝐵𝑛)𝑖]

[(𝐴𝐵𝑛)𝑖 ― 1][𝐴][𝐵]𝑛(M ―1 ― 𝑛) (𝟑)

where A, B and (AB)i denote the receptor, the anion, and the 
supramolecular polymer of length i respectively. In the initial 
nucleation step (1) an (ABn) nucleus is formed which is 
subsequently elongated through the reversible addition of the 
monomers to post-nucleus polymer. We note that the above 
equations generalize our previous model by considering now a 
polymer with general n:1 anion-receptor stoichiometry. From 
these equations it is straightforward to derive the following 
expressions relating the total concentrations of A and B in the 
experiments (CA and CB) and their concentrations at equilibrium 
([A] and [B])

𝐶𝐴 = [𝐴] + 𝐾𝑁
[𝐴][𝐵]𝑛

(1 ― 𝐾𝐸[𝐴][𝐵]𝑛)2 (𝟒)

D·1010 (%D)
Complex

8·10-4 M 2·10-3 M 4·10-3 M
63+·3PF6

- 7.685 7.816 7.953

63+·3PF6
-+H2PO4

- 7.492
(-2.5)

6.983
(-10.7)

6.651
(-17.2)

73+·PF6
- 7.542 8.005 8.358

73+·PF6
-+H2PO4

- 7.330
(-2.8)

7.245
(-9.5)

6.636
(-20.6)

73+ PF6
-+HP2O7

3- 8.252
(5.1)

7.511
(-7.9)

7.802
(-5.2)

73+· PF6
-+SO4

2- 8.529
(3.3)

8.211
(0.6)

8.108
(-0.9)

Figure 2. Distribution of the hydrodynamic diameter of 63+·3PF6
-

+H2PO4
- as measured though DLS at c = 5·10-6 (blue) and 1·10-5 

M (purple) in CH3CN at 25°C.
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𝐶𝐵 = [𝐵] + 𝑛𝐾𝑁
[𝐴][𝐵]𝑛

(1 ― 𝐾𝐸[𝐴][𝐵]𝑛)2 (𝟓)

The [A] concentrations can be estimated from the measured 
NMR shifts, assuming that they can be evaluated using the 
following weighted sum:

𝛿 =  
[𝐴]
𝐶𝐴

𝛿𝐴 +
𝐶𝐴 ― [𝐴]

𝐶𝐴
𝛿𝑠𝑝 (𝟔)

where δA and δsp are the NMR shifts in the isolated receptor and 
the supramolecular polymer, respectively. The values of KN, KE, 
and δsp are fitted using equations (4)-(6) to reproduce the 
observed NMR shifts as shown in Figure 3. In a first sets of fits 
the n stoichiometric coefficient was also considered as a fitting 
parameter providing the values 2.16 and 1.85 for the 
6·3+·2H2PO4

− and 7·3+·2H2PO4
- polymers respectively what 

provides an additional confirmation of their 2:1 stoichiometry. 
In the second sets of fits the value of n was fixed to 2 providing 
KN = 3.2·104 M−2 and KE = 3.5·106 M−3 for 6·3+·2H2PO4

− and KN = 
6.7·104 M−2 and KE = 2.0·107 M−3 for 7·3+·2H2PO4

- . Although both 
equilibrium constants have different units, we can estimate 
their similarity using the value of CA as a conversion factor. In 
that case we obtain values of KN and KE·CA which differ in less 
than order of magnitude what indicates that the nucleation and 
elongation processes are of similar thermodynamic magnitude 
what explains the isodesmic profiles66-67 of the NMR shifts 
observed in Figure 3.
The association constants of the traditional anion-receptor 
complexes formed between the receptor 73+·3PF6

- with SO4
2- 

and HP2O7
3- were obtained by fitting the 1H NMR titration data 

to the calculated anion-receptor stoichiometry from the Job´s 
plot experiments (see the ESI S3†) by using Dynafit program68 
and are collected in Table 2.

Table 2. Association constants calculated by 1H NMR for receptor 
73+·3PF6

- with HP2O7
3- and SO4

2- anions in CD3CN/CD3OD (8:2 v/v). 
Errors (in percent) are given in parenthesis

Anion-
receptor 

stoichiometry
K (M-1)

73+·3PF6
- + HP2O7

3- 1:1 1.2·104 (7%)

73+·3PF6
- + SO4

2- 2:1 K1 = 3.5·104 (15%)
K2 = 2.7·104 (12%)

A highly directional needles were obtained after the addition of 
H2PO4

 to a solution of receptor 73+·3PF6
-. The 

stereomicroscope image of the crystals revealed the formation 
of a monodimensional crystal structures formed by yellow 
needles which seem to grow from the same centre, extending 
in sphere shaped (Figure 4). Unfortunately, all the crystals 
obtained were extremely weakly diffracting and therefore it 
was not possible to obtain the X ray structures of the 
supramolecular polymer formed.
Anion sensing studies

Figure 3. Normalized NMR shifts (norm=(obs-A)/(sp-A)). 
Points correspond to the experimental measurements and lines 
to the fit to the thermodynamic mechanism proposed

Figure 4. Stereomicroscope images of the self-assembled 
compound 73+·2H2PO4


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The sensing properties of the receptors 63+·3PF6
- and 73+·3PF6

- 
were also investigated by UV-vis and fluorescence 
spectroscopies in CH3CN by stepwise addition of increasing 
amounts of the previously mentioned set of anions. The UV-vis 
spectra of the receptors 63+·3PF6

- and 73+·3PF6
- in CH3CN are 

very similar, both present two intense absorption bands around 
λ = 210 and 255 nm, along with the characteristic absorption 
bands attributed to the anthracene moieties at λ = 335, 353, 
370, and 390 nm.
The addition of increasing amounts of the previously mentioned 
set of anions did not promote remarkable perturbation in the 
UV-vis spectrum of the hydrogen bond donor receptor 72+·2PF6

- 
(c = 1 × 10−5M in CH3CN). On contrary, the presence of HP2O7

3−, 
H2PO4

−, SO4
2−, and F− anions to a solution of the halogen bond 

donor 62+·2PF6
- (c = 1 × 10−5M in CH3CN) induced important 

perturbations in the absorption spectrum of the receptor. The 
addition of those anions causes two different effects. First, the 
presence of H2PO4

- anions, which induces the formation of 
supramolecular structures, promotes the decrease in the high-
energy bands at λ 230 and 255 nm while the anthracene 

absorption bands were red-shifted by Δλ = 2 nm, several well-
defined isosbestic points at λ = 332, 359, 340, 355, 370, 390, 441 
and 448 nm were also observed during the titration process 
(Figure 5a). Second, HP2O7

3−, SO4
2−, and F− anions, which cause 

the formation of the imidazolone ring, did not modify the high-
energy bands at λ 210 and 255 nm, while the anthracene 
absorption bands at 335, 353, 370, and 390 nm were blue-
shifted by Δλ = -2 nm (Figure 5b).
The emission spectra of the receptors 63+·3PF6

- and 73+·3PF6
- in 

CH3CN using an excitation wavelength of 370 nm exhibit only 
the characteristic anthracene monomeric emission bands 
around  = 399, 420 and 445 nm. The quantum yield of the 
hydrogen bond donor 73+·3PF6

- ( = 0.59) is almost 72 times 
higher than the halogen bond donor 63+·3PF6

- ( = 0.0082), the 
decrease of the quantum yield in the halogenated compound 
63+·3PF6

- could be probably attributed to an intramolecular 
heavy-atom effect caused by the bromine atoms present in the 
receptor.69-71

The addition of HP2O7
3, SO4

2, F, CH3CO2
 and C6H5CO2

 anions 
promotes a remarkable decrease in the monomer emission 
bands of both receptors 63+·3PF6

- and 73+·3PF6
-. Interestingly, 

while the presence of H2PO4
- anions in a solution of the 

hydrogen bond donor 73+·3PF6
- also cause decrease in the 

emission intensity of monomer bands, the addition of H2PO4
 

anions to a solution of the halogen bond donor 63+·3PF6
- 

promotes a progressive increase of a new broad emission band 
at  = 469 nm, assigned to the anthracene excimer emission 
band, with a concomitant decrease in the monomer emission 
bands at  = 399, 420 and 445 nm (Figure 6). The selective 
detection of H2PO4

- anion can be observed by the naked eye due 
it is the only anion which cause a yellow emission (Figure 6 
inset)
Taking into account the following aspects: 1.- the 2:1 
anion/receptor stoichiometry obtained in the case of the H2PO4

- 
anions using the theoretical model. 2.- The tendency of the 

Figure 5. Changes in the absorption spectra of the receptor 
63+·3PF6

- (c = 1 × 10−5 M in CH3CN) upon addition of increasing 
amounts of (a) H2PO4

− and (b) HP2O7
3- anions. Arrows indicate 

the absorption bands that increase or decrease during the 
titration.

Figure 6. Emission spectra of the receptor 63+·3PF6
- (c = 5·10-6 M 

in CH3CN) (blue line) after the addition of excess of H2PO4
 red 

line), SO4
2 (orange line), F (violet line), HP2O7

3 (green line), 
CH3CO2

 (turquoise line) and C6H5CO2
 (grey line). Inset: visual 

changes in the fluorescence of receptor 63+·3PF6
- (a) upon the 

addition of (b) H2PO4
, (c) SO4

2 and (d) HP2O7
3.
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H2PO4
- anion to form dimers.72-74 3.- The formation of 

supramolecular structures detected by DOSY NMR and DLS 
when H2PO4

- anions are added to a solution of the receptor 
63+·3PF6

- and finally, 4.- The formation of the anthracene 
excimer in the receptor 63+·3PF6

- with the presence of H2PO4
-. 

We propose the formation of the supramolecular polymer 
induced by the H2PO4

- anion shown in Figure 7.
The structure of the supramolecular polymer formed between 
the receptor 73+·3PF6

- and the H2PO4
- anion should be slightly 

different due to the excimer emission of the anthracene was not 
observed.

Conclusion
In conclusion, the hydrogen bond donor anions receptor 
73+·3PF6

- shows two different anion binding modes. 1H NMR, 
DOSY NMR and DLS experiment indicate the formation of the 
traditional anion-receptor complexes with HP2O7

3- and SO4
2- 

anions while the formation of supramolecular polymers were 
detected only with the presence of H2PO4

- anions. The 
formation of those supramolecular polymer induced by the 
H2PO4

- anion were also detected in the halogen bond donor 
63+·3PF6

-. The nucleation and elongation constants obtained by 
the thermodynamic model indicate that the polymers grown 
following an isodesmic mechanism. HP2O7

3-, SO4
2- and F- 

produce a chemical reaction in the receptor 63+·3PF6
- where the 

bromo-imidazolium rings are converted in the 2-imidazolone 
rings. Remarkably, emission studies demonstrate that only the 
formation of the supramolecular polymer between 63+·3PF6

- 
and H2PO4

- anions results in the apparition of the excimer 
emission band which is a very interesting and novel mechanism 
for the selective anion sensing.

Experimental Section
General Comments

All reactions were carried out using solvents that were dried by 
routine procedures. All melting points were determined by 
means of a Kofler hot-plate melting-point apparatus and are 
uncorrected. Solution 1H, and 13C NMR spectra were recorded 
at 200, 300, 400, or 600 MHz. The following abbreviations have 
been used to state the multiplicity of the signals: s (singlet), d 
(doublet), dd (double doublet), t (triplet), m (multiplet). 

Chemical shifts (δ) in the 1H and 13C NMR spectra are referenced 
to tetramethyl silane (TMS). Diffusion NMR experiments (DOSY) 
were recorded with a Bruker 600 spectrometer (1H) using the 
LED-BPP sequence with a diffusion period (∆) of 150 ms, field 
gradient pulses (δ) of 4 ms applied as half-sine profile bipolar 
pairs and an LED period of 5 ms. Field gradients were varied 
from 2-90% of maximum (53 G/cm) in 16 steps and data were 
analysed using Bruker TOPSPIN 2.1 software. UV-Vis and 
fluorescence spectra were carried out in the solvents and 
concentrations stated in the text and in the corresponding 
figure captions, using a dissolution cell with 10 mm path length, 
and they were recorded with the spectra background corrected 
before and after sequential additions of different aliquots of 
anions. Quantum yield values were measured with respect to 
anthracene as the standard (Φ = 0.27 ± 0.01) using the equation 
Φx/Φs = (Sx/Ss) [(1 – 10−As)/(1 − 10−Ax)](ns

2/nx
2), where x and s 

indicate the unknown and standard solution, respectively, Φ is 
the quantum yield, S is the area under the emission curve, A is 
the absorbance at the excitation wavelength and n is the 
refractive index. Mass spectra were recorded with 3-
nitrobenzylalcohol as a matrix. 
Dynamic Light Scattering analyses were performed using a 
Malvern Zetasizer Nano ZS (Malvern Instruments Ltd, UK) at 
25°C and a 173° angle relative to the source. The hydrodynamic 
diameter distributions were obtained by volume using the 
software package of the apparatus. Each curve represents the 
average of 3 measurements (16 runs each). Prior to analysis, all 
solutions were filtered.
Stereomicroscope image was obtained using a Leica 76 APO 
stereomicroscope connected to a Leica DC500 digital camera 
and Software CombineZM. The crystals were placed on a cover 
glass. The crystals were obtained by the vapour diffusion of 
diethyl ether into a solution of the receptors and H2PO4

- anion 
in CH3CN/CH3OH/iPrOH.
Synthesis

Synthesis of 1,3,5-tris((2-bromo-4,5-dimethylimidazol-1-
yl)methyl)-2,4,6-Triethylbenzene 4. (0.339 g, 80%) To a 
solution of 2-bromo-4,5-trimethyl-1H-imidazole 2 (0.334 g, 1.9 
mmol) in acetonitrile (20 ml) was added dropwise a solution of 
1 M NaOH (1.9 mmol), and the solution was stirred for 10 min. 
The 1,3,5-tris(bromomethyl)-2,4,6-triethylbenzene 1 (0.255 g, 
0.58 mmol) was added and the resultant mixture was stirred at 
room temperature overnight. The solvent was removed, and 
the resultant residue was dissolved in dichloromethane (100 ml) 

Figure 7. Proposed structure of the supramolecular polymer formed between the receptor 63+·3PF6
- and the H2PO4

- anion.
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which was washed with water (2 x 25 ml). The aqueous layers 
were re-extracted with 25 ml dichloromethane, and the 
combined organic layers dried over anhydrous MgSO4, filtered, 
and dried in vacuo. The mixture was purified by column 
chromatography (elution with CH2Cl2/CH3OH 95:5 v/v) to give 
the product as a white solid: 1H NMR H (400 MHz; CDCl3) 5.13 
(6H, s), 2.68 (6H, q, J = 7 Hz), 2.02 (9H, s), 1.70 (9H, 13 s), 0.78 
(9H, t, J = 7Hz) ppm; 13C RMN C (75 MHz; CDCl3) 145.1, 135.4, 
130.2, 125.5, 116.9, + 44.9, 23.9, 14.3, 12.4, 9.6 ppm; MS (ESI): 
m/z calc. for [M + H]  723.08, found 723.08; mp 132°C.
Synthesis of 1,3,5-tris((4,5-dimethylimidazol-1-yl)methyl)-
2,4,6-Triethylbenzene 5. (0.771 g, 54%) To a solution of 4,5-
trimethyl-1H-imidazole 3 (1.13 g, 11.7 mmol) in acetonitrile (20 
ml) was added dropwise a solution of 1 M NaOH (11.7 mmol), 
and the solution was stirred for 10 min. The 1,3,5-
tris(bromomethyl)-2,4,6-triethylbenzene 1 (1.3 g, 2.95 mmol) 
was added and the resultant mixture was stirred overnight at 
room temperature. The solvent was removed, and the resultant 
residue was dissolved in dichloromethane (100 ml) which was 
washed with water (2 x 25 ml). The aqueous layers were re-
extracted with 25 ml dichloromethane, and the combined 
organic layers dried over anhydrous MgSO4, filtered, and dried 
in vacuo. Giving a pure white solid. 1H RMN H (300 MHz; CDCl3) 
6.71 (3H, s), 4.92 13 (6H, s), 2.54 (6H, q, J = 7.5 Hz), 2.22 (9H, s), 
2.14 (9H, s), 0.95 (9H, t, J = 7.5 Hz) ppm; 13C RMN C (75 MHz; 
CDCl3) 145.5, 134.1, 133.3, 130.3, 122.2, 43.0, 23.5, 15.2, 12.6, 
8.7 ppm; MS (ESI): + m/z calc. for [M + H]  487.35, found 487.35; 
mp 160°C.
Synthesis of Tris-imidazolium receptor 63+·3Br-. (0.300 g, 42%) 
To a solution of tris-imidazole 4 (0.339 g, 0.47 mmol) in 
acetonitrile (150 ml) was added dropwise a solution of 9-
(bromomethyl)anthracene (0.635 g, 2.3 mmol) in acetonitrile 
(50 ml) and the resultant mixture was stirred 5 days at room 
temperature. The volume of solvent was concentrated to 50 ml 
and diethyl ether (50 ml) was added. The resulting precipitate 
was collected and washed with diethyl ether. The crude 
obtained was purified by column chromatography (elution with 
CH2Cl2/CH3OH (8:2 v/v) to give the desired tris-imidazolium 
receptor as bromide salt. 1H NMR δH (300 MHz; CD3CN/CD3OD) 
8.72 (3H, s), 8.14 (6H, d, J = 8 Hz), 8.04 (6H, d, J = 8 Hz), 7.64-
7.58 (6H, m), 7.55-7.50 (6H, m), 6.39 (6H, s), 5.44 (6H, s), 2.54 
(6H, q, J = 9 Hz), 1.77 (18H, s), 0.67 (9H, t, J = 9 Hz) ppm; 13C NMR 
δC (75 MHz; CD3CN/CD3OD) 148.5, 132.7, 132.4, 132.1, 131.9, 
131.1, 130.3, 129.2, 126.9, 124.3, 123.3, 121.2, 25.8, 15.3, 10.7, 
10.5 ppm; MS (ESI): m/z calc. for [M3+ + 2Br-]+ 1457.17, found 
1457.17; mp 192°C.
Synthesis of Tris-imidazolium receptor 63+·3PF6

-. (0.107 g, 95%) 
A solution of bis-imidazolium receptor as the bromide salt 
63+·3Br- (0.100 g, 0.06 mmol) in CH2Cl2 (20 ml) was washed with 
a saturated solution of NH4PF6 in H2O and stirred for 20 min (5 
× 20 mL). The organic solvent was collected and dried with 
anhydrous Na2SO4. The solid was separated by filtration, and 
the solvent was removed under reduced pressure to give the 
hexafluorophosphate salt in quantitative yield. 1H RMN δH (400 
MHz; CD3CN/CD3OD) 8.75 (3H, s), 8.15 (6H, d, J = 8 Hz), 8.00 (6H, 
d, J = 8 Hz), 7.64-7.60 (6H, m), 7.58-7.53 (6H, m), 6.36 (6H, s), 
5.34 (6H, s), 2.44 (6H, q), 1.84 (9H, s), 1.71 (9H, s), 0.65 (9H, t, J 

= 8 Hz) ppm; 13C RMN δC (100 MHz; CD3CN/CD3OD) 148.4, 132.5, 
132.2, 131.8, 131.8, 130.9, 130.0, 129.1, 126.70, 124.0, 122.9, 
120.3, 49.1, 48.4, 25.4, 15.0, 10.5, 10.3 ppm; MS (ESI): m/z calc. 
for [M3++ 2PF6

-]+ 1587.26, found 1587.26; mp. 213°C.
Synthesis of Tris-imidazolium receptor 73+·3PF6

-. (0.856 g, 36%) 
To a solution of tris-imidazole 5 (0.771 g, 1.58 mmol) in 
acetonitrile (150 ml) was added dropwise a solution of 9-
(bromomethyl)anthracene (2.15 g, 7.9 mmol) in acetonitrile (50 
ml) and the resultant mixture was stirred 5 days at room 
temperature. The volume of solvent was concentrated to 50 ml 
and diethyl ether (50 ml) was added. The resulting precipitate 
was collected and washed with diethyl ether. The crude 
obtained was purified by column chromatography (elution with 
CH3CN/H2O/KNO3 (sat) (14:2:1 v/v). The organic solvent was 
removed and the pure compound was solved in H2O layer. A 
saturated solution of NH4PF6 in H2O was added and stirred for 
20 min. The resulting precipitate was collected and washed with 
diethyl ether to give the tris-imidazolium receptor as 
hexafluorophosphate salt. 1H RMN δH (400 MHz; CD3CN/CD3OD) 
8.67 (3H, s), 8.11-8.08 (6H, m), 7.94-7.91 (6H, m), 7.53-7.49 
(12H, m), 6.37 (3H, s), 5.97 (6H, s), 4.49 (6H, s), 2.42 (9H, s), 1.79 
(6H, q, J = 8 Hz), 1.78 (9H, s), 0.15 (9H, t, J = 8 Hz) ppm; 13C RMN 
δC (100 MHz; CD3CN/CD3OD) 149.0, 133.2, 133.1, 132.6, 132.5, 
131.3, 130.9, 130.2, 129.7, 129.2, 127.5, 124.5, 122.8, 46.8, 
45.8, 24.6, 16.1, 9.8, 9.3 ppm; MS (ESI): m/z calc. for [M3+ + 2PF6

-

]+ 1349.53, found 1349.53; mp 243°C.
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