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ABSTRACT
A simple epoxy-based oligomer 1 bearing naphthalene unit at the chain-ends is reported to be 
highly selective ON–OFF type fluorescent probe for fluoride anion. The titled oligomer displayed 
fluorescence quenching upon addition of F−, resulting in selective detection of fluoride anion over 
other anions, such as AcO−, Cl−, Br−, I−, HSO4

−, NO3
− and H2PO4

− in CH3CN. Fluorescence experiments 
suggest the significant influence of the oligomer chain on the sensitivity and selectivity of 1 towards 
fluoride anion.
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Introduction

The development of fluorescent chemosensors capable 
of selective recognition and sensing of anions is an area 
of significant importance in a wide range of chemical, 
biological and environmental processes (1). Of the differ-
ent anionic species, fluoride ion draws attention. A high 
intake of fluoride is associated with the skeletal and den-
tal fluorosis, osteoporosis, neurological and metabolic 
dysfunctions, and kidney failure (2–4). Accordingly, the 
sensitive and selective detection of F− is of great concern 

in the context of both human health and environment. A 
number of molecular probes for the detection of F− have 
been reported in recent years (5, 6). However, the design of 
macromolecular chemosensors (5, 7) for the detection of 
F− is a challenge. On account of the reactive epoxy groups 
capable of incorporating a variety chromophores and 
fascinating properties such as easy processibility, good 
chemical resistance, dimensional stability and potenti-
ality for reuse, epoxy-based frameworks have led us to 
explore macromolecular probes for sensing application 
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2    S. Ghosh

unambiguously characterised by FT-IR, UV–vis and NMR 
(1H and 13C), elemental and GPC analyses (Figures S1, S2, 
and S3).

At the same time, structurally simplified small molecu-
lar analogues 2 and 3 as model compounds were synthe-
sised in good yield using the method shown in Scheme 2. 
Oligomer 1 is soluble in common organic solvents such as 
THF, 1,4-dioxane, DMF, DMSO and CH3CN. The structures of 
2 and 3 were identified by 1H NMR and elemental analyses 
(Figure S4).

Chemosensing behaviour

The spectroscopic properties of 1 were evaluated in CH3CN 
([1] = 1.48 x 10−4 M with respect to repeat unit). As shown 
in Figure 1, the probe 1 exhibits well-resolved absorption 
bands in the range of λ = 306 to 324 nm attributed to the 
naphthalene units. Titled oligomer 1 displayed an intense 
fluorescence emission at 344 nm, typical of naphthalene 

(8). Hence, as further advance, epoxy-based macromole-
cules with appropriately appended fluorophores would 
be good candidates for F− sensing studies. In this context, 
naphthalene and its derivatives are attractive fluorophores 
(8, 9) employed in the design of many unique probes for 
recognition and sensing studies. In this article, we present 
the synthesis of a new epoxy-based oligomeric probe 1 
in which naphthalene-2,3-diol fluorophores are facilely 
attached at the chain-ends. In relation to this, 3- butoxy-
2-naphthol 2 and 3-(2-hydroxyethoxy)-2-naphthol 3 have 
been prepared as model compounds. The designed probe 
1 was found to be an efficient fluorosensor for fluoride ion 
in CH3CN.

Results and discussion

Synthesis and characterisation

The titled oligomer 1 was easily synthesised through the 
reaction of diglycidyl ether of bisphenol-A (DGEBA) with 
naphthalene-2,3-diol according to the Scheme 1 and was 
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Scheme 1. Synthesis of oligomer 1: (i) NaOH, 85–90 °C, N2 atmosphere, 5 h.
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Scheme 2. Synthesis of model compounds 2 and 3: (i) 1-Butylbromide, K2CO3, KI, acetone (dry), reflux, 14 h; (ii) 2-Chloro ethanol, K2CO3, 
acetone (dry), reflux, 30 h.
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monomeric emission when excited at 320 nm (Figure 1). 
We evaluated the fluorescence response of 1 to various 
anions such as F−, AcO−, Cl−, Br−, I−, HSO4

−, NO3
− and H2PO4

− 
[as the tetrabutylammonium (TBA+) salts] in CH3CN. A 
drastic quenching in fluorescence intensity (ON-OFF) of 
1 at 344 nm (λexc= 320 nm) was observed upon progres-
sive addition of F− anion. Figure 2(a), in this regard, gives 

the distinct change in fluorescence intensity of 1 upon 
gradual addition of F− anion. Under similar conditions, 
the corresponding UV-vis spectral variation of 1 indicates 
groundstate interaction with F− anion. Titration of 1 as a 
function of [F−] gave a small decrease in intensity of the 
peaks in the region of 306 nm to 324 nm with the forma-
tion of new band in the region 339 – 366 nm (Figure 2b). 

Figure 1. UV–vis and fluorescence spectra of 1 (c = 1.48 × 10−4 M) in CH3CN.

Figure 2. (a) Fluorescence response of 1 (c = 1.48 x 10-4 M) to different concentrations of F− (c = 0 – 5.4 x 10-4 M) in CH3CN (λexc = 320 nm) 
(b) UV-vis spectral changes upon addition of F− (c = 0 – 5.4 x 10-4 M)
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Figure 3.  Stern-Volmer plots for (a) 1 with (TBA+) salts of different anions in CH3CN (b) 1, 2 and 3 upon addition of TBAF in CH3CN  
(λexc= 320 nm, [1] = 1.48 x 10-4 M, [2] = 1 x 10-4 M, [3] = 1.36 x 10-4 M)
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4    S. Ghosh

Interestingly, as we move from oligomer 1 to model 
compounds 2 and 3 without and with aliphatic −OH group 
in the backbone, respectively, mere change in the emis-
sion spectra upon interaction with TBAF was observed 
(Figure S6). Figure 3(b), in this regard, shows a comparison 
of Stern–Volmer plots for 1, 2 and 3 with TBAF in CH3CN. 
The comparison of emission intensities at 344 nm in Stern–
Volmer plot is significant, since excitation has been per-
formed at the same wavelength on solutions having the 
same absorbance. In the study, the F−-induced greater 
quenching in emission of 1 than 2 and 3 suggested a 
favourable impact of oligomer backbone. The backbone 
structure of oligomer in combination with aliphatic –OH 
groups are believed to bind F− effectively inducing greater 
quenching in emission. The ability to detect fluoride anion 
with high selectivity is an important aspect for an excel-
lent probe. To utilise oligomer 1 as F−-selective fluorescent 
sensor, experiment was also carried out in the presence of 
F− mixed with a series of potentially competing anions. As 
shown in Figure 4, F−-induced ON–OFF type fluorescence 
response of 1 was unaffected in the background of coexist-
ent anions demonstrating its ability to discriminate F− ion.

To gain insight into the reversibility in binding pro-
cess, Ca(NO3)2 was added to the solution of 1 containing 
F− anion. The addition of Ca(NO3)2 resulted in revival of the 
original F−-free spectrum, which demonstrated the revers-
ibility in the binding (Figure 5). Similar but smaller fluores-
cence quenching was observed in CH3CN mixed with a 
protic solvent such as water (CH3CN:H2O = 4:1, v/v) (Figure 
S7). It was also noted that the addition of 10% water to 
the CH3CN solution of 1-F− results in almost revival of the 
original emission spectrum of 1 (Figure S8).

These observations suggested that the interaction of 1 
and F− is due to hydrogen bonding followed by deproto-
nation (Table 1). In an experiment, initial addition of same 
equivalent of strong base OH− (as TBA+ salt), which definitely 
leads to deprotonation, induced drastic quenching of emis-
sion (~71%) than that caused by F− anion (~38%) (Figure 6). 

This is attributed to the hydrogen bonding of –OH and 
F− followed by deprotonation.

In contrast, AcO− ion being less basic than F− showed 
weak response in fluorescence quenching. The rest of the 
anions in the study showed only negligible quenching 
(Figure S5). The result of Stern–Volmer plot as illustrated in 
Figure 3(a) indicates that 1 is enough sensitive for detect-
ing F− ion in CH3CN.

Figure 6. (a) Fluorescence emission changes of 1 (c = 1.48 × 10−4 M) upon the addition of F− (c = 2.3 × 10−4 M) and OH− (c = 2.3 × 10−4 
M) in CH3CN (λexc = 320 nm) (b) UV–vis spectral changes upon addition of F− (c = ~1.8 × 10−4 M) and OH− (c = ~1.8 × 10−4 M) in CH3CN.

Figure 5.  Change in emission spectra of 1 by the addition of 
Ca(NO3)2 to 1 + F− in CH3CN: (a) Free 1(c = 1.48 × 10−4 M) (b) 1 + 
F− ([F−] = ~5.4 × 10−4 M) (c) 1 + F− + Ca2+ ([Ca2+] = 6.2 × 10−4 M) 
(λexc = 320 nm).

Figure 4.   Fluoride anion selectivity of 1 (c = 1.48 × 10−4  M) in 
CH3CN in the presence of various anions: (A) 1 only; (B) 1 + X 
(X = AcO−, Cl−, Br−, I−, HSO4

−, NO3
− and H2PO4

− ; c = ~10−4 M); (C) 1 
+ X + Y (Y = F−, c = ~10−4 M (λexc = 320 nm).
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Supramolecular Chemistry    5

This indicated the deprotonation of the naphthalene −OH 
group for which the naphthalene rings became electron 
rich and showed upfield chemical shifts. The naphthalene 
–OH which appeared as broad singlet at 7.99 ppm became 
invisible (Figure S8). In this aspect, it is to note that no peak 
at ~16 ppm for HF2

− that results in from deprotonation was 
observed. This is due to broadening of the peak that presum-
ably occurs through extensive hydrogen bonding effect from 
the interference of the aliphatic –OH groups in the oligomer 
backbone.

The quenching of emission in the presence of F− in the 
present case might be attributed to the intramolecular charge 
transfer (ICT) mechanism (13) occurring between negative 
charge density of naphthol oxygen atom and naphthalene 
ring. It is noteworthy to mention that the presence of oli-
gomer backbone of 1, which possesses alcoholic −OH groups, 
competently increases the F− binding potential (14) and 
modulates the ICT process as evidenced from profound flu-
orescence quenching than observed for 2 and 3. It might be 
expected further that the favourable interaction of deproto-
nated O− anion with the appropriately positioned OH groups 
of oligomer framework strengthens its sensitivity (Scheme 3). 
Negligible fluorescence change of 1 with Cl−, Br− or I− rules 
out the quenching by heavy atom effect.

Concurrently, the absorption spectrum of 1 was affected to 
a large extent by the addition of OH− ion. However, further 
addition of F− caused quenching by about 64%. These fea-
tures clearly suggest that the naphthalene −OH groups are ini-
tially involved in the formation of hydrogen-bonded complex 
(10) with more basic F− ion and then undergo deprotonation 
(11) upon further increase of F− concentration as illustrated 
in Scheme 3. This is in accordance with the findings reported 
in the literature (6, 12).

In order to understand the interaction of F− with the oli-
gomeric species 1 and also the case of deprotonation, we 
investigated the change in 1H NMR of 1 in presence of TBAF 
in CDCl3. Upon addition of F− the signals for the naphthalene 
ring protons of types ‘c’, ‘d’, ‘e’ and ‘f’ moved to the upfield direc-
tions. The protons of types ‘d’ and ‘e’ suffered more upfield 
chemical shifts (∆δ  =  0.17  ppm) than protons of ‘c’ and ‘f’ 
types and merged together with the ring protons of type ‘k’. 

Scheme 3. (Colour online) Suggested sensing mechanism of 1 for F−.

Table 1.  Fluorescence quenching degrees [(I0–I)/I] of 1 by F− 
in different solvents ([1]  =  1.48 × 10−4  M; [F−]  =  5.4 × 10−4  M; 
λexc = 320 nm).

Solvent Fluorescence quenching degrees
CH3CN 1.746
CH3CN-H2O (4:1, v/v) 0.067
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6    S. Ghosh

Na2SO4. The product was purified by column chromatogra-
phy (silica gel 60–120, eluent petroleum ether/EtOAc 5:0.3) 
and obtained as yellowish semisolid (90%), 1H NMR (CDCl3, 
400 MHz) δ 7.65 (m, 2H, Hc,f), 7.32 (m, 2H, Hd,e), 7.25 (s, 1Hb, 
marged with solvent peak), 7.11 (s, 1H, Ha), 5.94 (s, Ar-OH), 
4.18 (t, 2H, J = 6.4 Hz, −OCH2

−), 1.88 (m, 2H, −OCH2CH2
−), 

1.56 (m, 2H, −OCH2CH2CH2
−), 1.02 (t, 3H, J = 7 Hz, −CH3); FTIR 

(KBr): νmax = 3453, 2966, 2945, 2872, 1635, 1485, 1262, 1459, 
1416, 1385, 1160, 1096, 840 cm−1; Anal. Calcd for C14H16O2: 
C, 77.77; H, 7.40%. Found: C, 77.75; H, 7.37%.

Synthesis of model compound 3

To a stirred solution of naphthalene-2,3-diol (0.1  g, 
0.625  mmol) in dry acetone, anhydrous K2CO3 (0.2  g, 
1.27  mmol) was added, and the mixture was stirred for 
30 min at room temperature. Then 2-chloroethanol (0.05 g, 
0.625 mmol) was added. The reaction mixture was heated 
to reflux for 30 h. After evaporation of the solvent, water 
was added and the mixture was extracted with CH2Cl2 
and dried over anhyd. Na2SO4. The crude was purified by 
column chromatography (silica gel 60–120, eluent petro-
leum ether/EtOAc (10:1) to obtain the desired product as 
yellowish solid (yield 70%), 1H NMR (CDCl3, 400  MHz) δ 
7.64 (m, 2H, Hc,f), 7.31–7.26 (m, 3H, Hd,e,b, merged with sol-
vent peak), 7.15 (s, 1H, Ha), 6.56 (br s, Ar-OH), 4.30 (m, 2H, 
−OCH2

−), 4.10 (m, 2H, −OCH2CH2OH), 1.69 (s, 2H, CH2OH); 
FTIR (KBr): νmax = 3401, 2925, 2870, 1637, 1512, 1487, 1454, 
1353, 1268, 1179, 1166, 1115, 1069, 1043, 928, 904, 847, 
739  cm−1; Anal. Calcd for C12H12O3: C, 70.58; H, 5.88%. 
Found: C, 70.56; H, 5.87%.

Supplemental material

Figures showing NMR, GPC data, fluorescence titrations 
with various anions and partial 1H NMR of 1 with F− are 
available online here: http://dx.doi.org/10.1080/1061027
8.2016.1139113.
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Conclusion

A new and simple epoxy-based oligomer 1 bearing naph-
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(0.64 g, 4.0 mmol) and sodium hydroxide (0.06 g, 1.0 mmol) 
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δ: 7.99 (br s, Ar-OH), 7.66–7.62 (m, Hc,f), 7.32–7.27 (m, Hd,e), 
7.25 (s, Hb), 7.15–7.09 (m, Ha,k), 6.84 (d, Hj, J = 8 Hz), 6.0 (s, 
Ar-OH), 4.5 (br m, Hg), 4.32 (br m, Hi), 4.19–4.15 (br m, Hh), 
4.04 −3.75 (br m, oligomer chain –CH2−), 3.50–3.34 (br m, 
oligomer chain −CH−), 2.89 (m, −OH), 2.74 (m, −OH), 1.62 
(s, −CH3); 13C NMR (CDCl3, 100 MHz) δ: 156.15 (unresolved), 
146.0, 144.0, 143.21, 128.80, 127.91, 127.77, 126.31, 124.61, 
123.88, 113.94, 68.86, 68.73, 68.65, 50.22, 44.80, 41.74, 
31.01; FTIR (KBr): νmax  =  3345, 2964, 2928, 1655, 1606, 
1509, 1485, 1459, 1416, 1385, 1262, 1180, 1108, 1042, 947, 
860, 829, 747, 478 cm−1; GPC (using polystyrene and THF): 
Mw = 1120, PDI = 1.234; Anal. Calcd for (C39H46O7)n C20H14O4: 
C, 75.0; H, 6.35%. Found: C, 74.97; H, 6.30%.

Synthesis of model compound 2
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thalene-2,3-diol (0.1 g, 0.625 mmol), dry acetone (1 ml), 
and anhydrous K2CO3 (0.2 g, 1.27 mmol), 1-butylbromide 
(0.086  g, 0.625  mmol) was added. To this solution was 
added potassium iodide (catalytic amount). The mixture 
was stirred for 15 min, and then heated to reflux for 14 h. 
After evaporation of the solvent, water was added and the 
mixture was extracted with CH2Cl2 and dried over anhyd. 
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