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Abstract 
This report illustrates the synthesis and properties of a novel fluoride detector also called 7-

O-tert-butyldimethylsylyl-2-(hydroxyimino)-4-methyl-2H-chromene-3-carbonitrile, which 

emits a lavender blue fluorescence in aqueous solution when fluoride ions are present. Bk-

F93 F2000 Fluorospectrophotometer (FS), MRC-UV-Vis Spectrophotometer-UV-(11S/N; 

UEB1011006), GC micromass spectrometer (Micromass, Wythenshawe, Waters, Inc. UK), 

and Bruker Avance NEO 400 MHz (TXO cryogenic probe) NMR spectrometers were used for 

the spectral study. MestreNova (v14.0.0) program was used to process the NMR spectra.  This 

sensor is highly specific and sensitive to water - soluble fluoride. The findings also show that 

fluoride doses as minimal as 0.19 μM (3.61 x1011 mgL-1) and 8.5 µM (3.79x1010 mgL-1) in 

tetra-n-butylammonium fluoride (TBAF) and sodium fluoride (NaF) respectively can be 

reliably measured almost immediately, as shown by 2nd order rate constant of 1.4 x10 M -

1min-1, in comparison to most fluoride sensors' range of 0.54 - 116M-1min-1.  The synthetic 

compound's responsiveness as a fluoride probe in chloride, bromide, iodide, nitrate and 

sulfate rich water indicated no direct detection interference by any of evaluated ionic species.  

The quantum yield of this synthesized probe was established to be higher than the selected 

standard (quinine sulfphate), with values at 0.72 and 0.54 respectively. Fluoride screening 

with 7-O-tert-butyldimethylsylyl-2-(hydroxyimino)-4-methyl-2H-chromene-3-carbonitrile is 

simple and fast compared to conventional approaches that involve professional staff. As a 

result, the approach outlined herein is applicable and incredibly useful for assessing the 

quality of potable water in communities. 

Keywords: Fluoride, Sensor, Potable Water, 7-O-tert-butyldimethylsylyl-2-

(hydroxyimino)-4-methyl-2H-chromene-3-carbonitrile  

INTRODUCTION 

Numerous methods of analysis for the 

recognition and estimation of ions have been 

established during the last few decades (Xu 

et al., 2020). Relatively simple approaches, 

such as colorimetric (Wu et al., 2020) and 

fluorescence-based (Ullah et al., 2021) 

approaches, have gotten a lot of coverage due 

to their ease of use, consistency, and 

relatively low cost.  

Fluoride (F–) ions are essential in several 

metabolic processes (Keesari et al., 2021), 

including water fluoridation (Song & Kim 

2021), oral hygiene (Kruse et al., 2021) and 
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bone disease management (Helte et al., 

2021). As a result, highly sensitive and 

specific fluoride identification is important. 

Because of their widespread use in 

biochemical and environmental processes, 

sensitive optical probes, particularly fluoride 

fluorescent probes have piqued the interest of 

researchers. 

Due to the negative involvement in various 

forms of fluorosis and medical care in 

osteoporosis, chemosensors for fluoride ion 

identification have earned a lot more interest. 

Chronic F- ion deficiency or excess causes 

dental and skeletal fluorosis (Kabir et al., 

2020), gastric(Akimov & Kostenko 2020) 

and kidney defects, urolithiasis, and even 

mortality in humans(Kabir et al., 2020). The 

World Health Organization recommends 1.5 

mg/L of fluoride ion in drinking water to be 

an optimal dose (Srivastava, 2020).  

Förster or fluorescence resonance energy 

transfer (FRET) (Mizuta et al., 2021), 

intramolecular charge transfer (ICT) (Liese 

& Haberhauer 2018), and photoinduced 

electron transfer (PET) (Magri, 2021) based 

fluoride chemosensors have been developed 

over years. The ability of molecules with 

functional groups such as urea/thiourea (Cao 

et al., 2018), amide (Yeung et al., 2014), 

guanidinium  and ammonium derivatives 

(Mohanasundaram et al., 2020) to identify 

fluoride ions through electrostatic H-bond 

interactions. These sensors have a wide 

range of applications in both biological as 

well as chemical processes. In pursuit the 

development of an efficient fluoride ion 

detector and tracking probe, we present a 

basic and yet incredibly effective sensor 

based on cyanocoumarin (Figure 1). When 

tested using chromogenic and fluorometric 

approaches, this compound was able to 

selectively detect F- in the presence of other 

Fluoride-competing anions. This detection is 

based on intramolecular charge transfer 

mechanism (Figure 2).  

OO N

OH

N

 

Figure 1: 3-cyano-7-hydroxy-4-methylcoumarin (1) 

 

Figure 2: Charge transfer mechanism. 

METHODS 

List of Chemicals Used 

1,4-Dioxane anhydrous) - Sigma-Aldrich, 

99.8%  

3-cyano-4-methylcoumarin (Sigma-Aldrich 

97%) 

4-(2-Hydroxyethyl) piperazine-1-

ethanesulfonic acid (HEPES) 1 M in H2O 

 cetyltrimethylammonium bromide, (CTAB) 

- Sigma-Aldrich Calbiochem® 98% 

Dichloromethane (DCM) - AR 

Hydroxylamine hydrochloride 

(NH2OH.HCl) – AR/ACS 99%  

Imidazole (Sigma-Aldrich 99.5%) 
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Silica gel 60 (230-400 mesh) and G-HR for 

TLC 

Sodium hydroxide (NaOH) - Sigma-Aldrich 

Analytical, Puriss 

Sodium nitrate, analytical standard,  

Anhydrous sodium sulfate powder- ACS 

reagent, ≥99.0%, 

Tert-butyldimethylsilylchloride (TBDPSCl) 

- Sigma-Aldrich 97% 

Tetrahydrofuran (THF) - AR 

Tetra-n-butylammonium bromide (TBAB) - 

Sigma-Aldrich 97% 

Tetra-n-butylammonium chloride (TBAC) - 

Sigma-Aldrich 97% 

Tetra-n-butylammonium fluoride (TBAF) - 

Sigma-Aldrich 97% 

TLC Silica gel 60 F254 (Merck, Darmstadt, 

Germany) on pre-coated Aluminium sheets 

Characterization Techniques Used 

The characterization techno=iques applied in 

this work include: UV-Vis spectroscopy ( 

MRC-UV-Vis Spectrophotometer-UV-

(11S/N; UEB1011006) and UV-lamp - 

UV303D); Fluorescence spectroscopy (Bk-

F93 F2000 Fluorospectrophotometer); Mass 

spectrometry (GC micromass spectrometer - 

Micromass, Wythenshawe, Waters, Inc. UK)  

and NMR spectroscopy (Bruker Avance 

NEO 500 MHz TXO cryogenic probe NMR 

spectrometer and MestreNova (v14.0.0) 

software). 

Synthesis of Compound 3:7-O-tert-

butyldimethylsylyl-2-(hydroxyimino)-4-

methyl-2H-chromene-3-carbonitrile 

Compound (2) was synthesized by 

introducing a fluoride responsive 

butyldimethylsilyl (TBDMS) moiety into 3-

cyano-7-hydroxy-4-methylcoumarin (1) as 

earlier reported. A solution of 6.3 g (0.02 

moles) of compound (2) in 200 mL mixture 

of Tetrahydrofuran (THF) and dry 

dichloromethane (DCM) in the ratio of (1:3) 

was made in the presence of nitrogen gas. 1.4 

g (0.02 moles) of hydroxylamine 

hydrochloride (NH2OH.HCl) was dissolved 

in 100 mL of distilled and de-ionized H2O to 

yield a different solution. The aqueous 

NH2OH.HCl was added to a solution 

containing compound (2). A glass rod was 

used to stir themixture until until clear. 0.8 g 

(0.02 moles) of NaOH dissolved in 100 mL 

of distilled and de-ionized H2O was then 

added to this solution and further stirred until 

clear. The solution was then added to the 

mixture in the reagent bottle and allowed to 

shake for twelve hours. This was followed by 

using a Whatman filter paper. The non-polar 

portion then was exposed to anhydrous 

sodium sulphate (Na2SO4) to dry. The 

sample was then filtered and concentrated by 

use a Büchi rotavapour at a lower 

temperature and pressure to yield a crude 

sample. Column chromatography was used 

to progressively purify the samples using 

differing proportions of DCM: THF as the 

moving solvent. At this stage, the product 

was a bright yellow crystalline solid. These 

crystals were purified once more in a column 

but use of DCM: THF solvent mixture. Only 

the central parts of the fractions were picked 

and concentrated during the second column 

purification. This product was purified 

further using preparative thin layer 

chromatography in a DCM: THF solvent 

mixtrure in the ratio of 1:3. The extracted 

mass was (2.59 g) with a percentage yield of 

41.1%. Figure 2 gives an illustration of how 

compound (3) was synthesized. 
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Figure 2: Schematic for the synthesis of compounds (3). 

Fluorescence Fluoride Testing 

The activity of 7-O-tert-butyldimethylsylyl-

2-(hydroxyimino)-4-methyl-2H-chromene-

3-carbonitrile (3) and fluoride ions (Figure 3) 

in dioxane solution was investigated using 

colorimetric and fluorescent methods. An 

aqueous TBAF dosage range of between 0.1-

100 mg of the sensor in 100 ml solution was 

made. 1 mL of a 4 % compound (3) dioxane 

solution was applied to each of these 

solutions. These solutions were incubated for 

15 minutes at room temperature (rt) in a 1:1 

(v/v) solution of 10 mM HEPES (pH = 

7.4):dioxane. The fluorescence spectra for 

each of the TBAF dosages were recorded 

with excitation and emission wavelengths of 

332 nm and 360 nm, respectively. 

OO N

N

Si

OH

F-

OO
- N

N

OH

+ Si

F

    3            4     
 

Figure 3: Schematic of desilylation of compound (3). 

Selectivity Studies 

Variable concentrations of the chosen anions 

were prepared, namely chloride, bromide, 

iodide, nitrate, and sulphate (all at 200 μM), 

as well as TBAF and NaF (both at 200 μM). 

The experiments were carried out in a 

solution with a pH sustained at 7.4 by a 1:1 

(v/v) 10 mM mixture HEPES in dioxane. 1 

mL of a 4 % solution of the synthesized 

compound contained in dioxane was then 

added to 40 mL of the ionic test samples. 

These solutions were incubated for 20 

minutes at rt.  Fluorescence studies in terms 

of absorption and emission frequencies were 

done for each of these solutions. Three 

replicates were tested for each anion. 

 

Quantum Yield Measurements 

In order to prevent self-quenching, the 

absorbance was maintained at ≤0.05 during 

quantum yield measurements. The 

fluorescence intensity was measured at the 

excitation frequency. The quantum yield on 

fluorescence for compound 3 + F- was 

determined using equation (i). 

Φ𝑋 = Φ𝑆𝑇 (
𝐺𝑟𝑎𝑑𝑥

𝐺𝑟𝑎𝑑𝑆𝑇
) (

𝜂𝑥
2

𝜂𝑆𝑇
2 )…………(i) 

Where;  

Φ ST = quantum yield of standard  

Φ x = quantum yield of sample  

η = solvent refractive index  

GradX = sample gradient. 

GradST = standard gradient. 

A range of sample solution concentrations in 

dioxane were made and their absorbance 
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measured at 455 nm. A plot of absorbance 

against the area for the sensor was done. 

Sample quantum yield was calculated in 

comparison to quinine sulphate dihydrate 

(C₄₀H₅₄N₄O₁₀S) from AnaSpec contained in 

0.1M perchloric acid (Nawara & Waluk 

2019) as a fluorophore standard of known 

quantum yield. The Φ of C₄₀H₅₄N₄O₁₀S is 

known to be 0.546 (excitation. = 3.1x10-7 m, 

emission. = 4.55x10-7 m). (Wang et al., 

2019). Compound 3 was allowed to interact 

with excess fluoride ions in dioxane for 1 

minute before the fluorescence intensity 

could be measured. 

Paper Disc Assays 

Whatman® qualitative filter paper, Grade 1, 

circles, diameter 25 mm, was punched into 

small disks to make paper discs. In a 1:3 

THF: DCM solvent, a 2 mM solution of 

compound (3) was prepared. After that, the 

paper disks were soaked in this solution and 

allowed to dry. To detect aqueous fluoride, 

the pre - treated filter paper discs were 

soaked for 5 seconds in an un-buffered 

aqueous 2 mM cetyltrimethylammonium 

bromide, CTAB, and allowed to dry for 5 

minutes.  Using a handheld Ultraviolet light 

source (UVGL-58 from UVP), the 

fluorescence on the paper discs were 

recorded below 3.65 x10-7 m. 

Selectivity Assay  

An artificial aquifer with twice NaF 

concentration to be used in the test (2 x 

(20,40,50, 60,80,100) was made. Each 

aquifer concentration was further diluted in a 

1:1 (v/v) by adding 10 mM acetate 

comprising 2 millimolar 

cetyltrimethylammonium bromide to 

maintain the pH at 4.8.  The fluorescence of 

this solution was immediately measured 

using compound (3) impregnated paper 

discs.  

RESULTS AND DISCUSSION 

Spectral Information on Compound 3 

The 1H NMR (500 MHz, DMSO-d6) 

spectrum showed different multiplicities 

with aliphatic protons resonating 7.79 (s, 

1H), 2.56 (s, 9H), 1.84 (s, 6H). While the 

aromatic protons at δ 7.72 (s, 1H), 6.89 (d, J 

= 8.9 Hz, 1H), 6.83 (dd, J = 8.9, 2.3 Hz, 1H). 

The 13C NMR (500 MHz, DMSO-d6) δ 

165.02 , 163.92 , 157.94 , 155.58 , 135.38 , 

129.32 , 121.68 , 118.42 , 115.24 , 114.78 , 

111.02 , 102.83 , 96.45 , 30.70 , 28.24 , 

18.36. The1H-1H COSY (500 MHz, DMSO-

d6) 1H–1H coupling was observed between δ 

7.72 and δ 6.89 while two-bond coupling 

(1H–C–1H) were between δ 6.83 and δ 6.89. 

The multiplicity pointed to the fact that the 

proton directly attached to the benzene ring 

at δ 6.85 is coupled to the two others at δ 7.72 

and δ 6.83, thus the signal at δ 6.85 is a 

double duplet. The aromatic proton at δ 7.72 

only shows coupling with another at 6.85 

hence is a duplet. The non-aromatic protons 

at δ 1.84, δ 2.56 and δ 7.79 all show no 

coupling and appear as singlets. The Mass 

spectrum revealed an M+ + 1 at 330.3. A 

single diode array peak at 2.92 retention time 

on this compound confirms its purity.   

Fluorescence Properties 

The samples' fluorescence intensity was 

recorded using an excitation wavelength of 

329 nm and an emission of 362 nm. 

Compound (3) therefore, registered a stokes 

shift of 33 nm (Figure4). The average change 

in fluorescence intensity of three replicates 

with increasing fluoride ionic strength was 

recorded. The figure shows that the 

fluorescence intensity linearly corellates 

with increase in fluoride concentration, 

reflecting a 1:1 stoichiometric ratio between 

fluoride ionic strength and concentration of 

compound (3). The fluorescence intensity at 

200s for compounds calculated by 

substituting time in seconds into the linear 

equation (y = -0.0106x + 3.6443) in figure 5 

yielded a 1.52 AFU. 
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Figure 4: Excitation and emission spectra of compound 3 (200 μM) in F- free solution. 

Selectivity Studies and Limit of Detection 

An investigation on the Fluoride limit of 

detection by compound 3 in TBAF verified 

the capability to detect TBAF dosages as low 

as 0.19 µM (3.61x1011 mgL-1). The response 

of sensor 3 to diminishing NaF concentration 

in a 1:1 (v/v) solution of dioxane: H2O gave 

a 8.5 µM (3.79x1010 mgL-1) limit of 

detection. This is clearly much lower than the 

present WHO guiding principle for drinking 

water fluoride concentration which has been 

set at ˂ 789.4 µM (1.5 mgL-1). The response 

of compound (3) as a fluoride sensor in the 

existence of other competing anions; 

chloride, bromide, iodide, nitrate and sulfate 

did not reveal any direct competition with 

any of the tested anions (Figure 6). The 

results undoubtedly show that 

environmentally relevant anions present in 

groundwater have negligible interference to 

fluoride sensing by compounds (3).  

 

Figure 6: Selectivity of compound 3 (20 μM) for fluoride in the existence of other anions. 

The rates of reactions for each of the 

compound 3 was obtained for each of the set 

concentrations by using equation (ii) after 

making a plot of fluorescence intensity 

increase with time (Figure 5) and substituting 

the values into equation (ii). 

Fluorescence = 1 – exp(–kobst) .................(ii) 

Where; 

t =time in minutes.  

kobs, = pseudo-first-order rate constant 

A plot of kobs against [NaF] was used to 

calculate the second-order rate constant 

equation (iii). 

kobs = k2[NaF] .........................................(iii) 
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Where;  

k2 = second-order rate constant. 

The 2nd order rate constant was established to 

be 1.4 x10 M-1min-1 demonstrating the ability 

of compound 3 to rapidly detect the presence 

of aqueous fluorides in portable water as 

compared to a range of 0.54 M-1min-1 to 116 

M-1min-1 for most fluoride sensors. 

 

Figure 7: Time-dependent fluorescence intensity of compound 3 fluoridated solutions. 

Quantum Yield 

The quantum yield of compound 3 was 

higher than the standard (quinine sulfphate) 

at 0.72 and 0.54, respectively. This value was 

calculated by measuring the integrated 

Fluorescence intensity of sample in dioxane 

(refractive index η= 1.42) against quinine 

sulphate in 0.1 M perchloric acid (refractive 

index η= 1.33) as standard (Figure7). This 

indicates that compound 3 has a higher 

efficiency of photon emission than Quinine 

sulphate. 

 

Figure 8: Plot of integrated fluorescence intensity of compound (3) against the 

corresponding absorbance for the standard (quinine sulphate). 

Paper Disc-Based Sensing of Fluoride in 

Aqueous Samples 

Since we target portable water, we 

envisioned the use of test paper discs as 

cheap and therefore can be easily accessible 

fluoride probes. This can be done by 

monitoring the fluorescence changes in the 

probe. The addition of TBAF to a solution of 

compound (3) resulted in vivid changes in 

both excitation and emission wavelengths, as 

desilylation occurs (Figure 9). Increasing 

fluorescence is observed with increasing 

TBAF concentration. 
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Figure 9: Fluorescence of paper discs containing the sensor with decrease in tbaf 

concentration. 

The paper disc-based test was indeed 

sensitive enough to detect fluoride when 

other competing anions were present. These 

findings suggest that the 7-O-tert-

butyldimethylsylyl-2-(hydroxyimino)-4-

methyl-2H-chromene-3-carbonitrile scaffold 

has the capacity to be a robust platform for 

the design of customized fluoride sensing 

scaffolds. The paper disc-based test 

mentioned above may be combined with 

hand-held lateral fluorescence viewers to 

allow for faster fluoride content analysis. 

CONCLUSION 

Finally, 7-O-tert-butyldimethylsylyl-2-

(hydroxyimino)-4-methyl-2H-chromene-3-

carbonitrile was successfully synthesized. Its 

adaptability as a probe for the development 

of exceedingly responsive and 

discriminating scaffold for aqueous fluoride 

analysis was demonstrated. The potential of 

this dye to be utilized in aqueous fluoride 

detection is huge. This shall allow for simple 

fluoride analysis at concentrations well 

below the WHO recommendations. 

Because of the low solubility of 7-O-tert-

butyldimethylsylyl-2-(hydroxyimino)-4-

methyl-2H-chromene-3-carbonitrile in 

water, a paper disc-based fluoride test in 

water was developed. This probe can be 

theoretically used for cheap fluoride content 

evaluation. Finally, this research offers a 

flexible, cheap medium for analyzing 

fluoride in small as well as large water 

samples.  
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