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Abstract 

Fluorescence spectroscopy provides an excellent technique for investigating heterogeneous 

systems, due to its high sensitivity and the large effect of the local environment on molecular 

emission. In addition, the use of polarity-sensitive fluorescent probes as guests in 

supramolecular host-guest inclusion complexes can be exploited in fluorescent sensors. This 

paper identifies, tabulates, and quantifies a series of useful polarity-sensitive fluorescent 

probes, with a wide range of polarity-dependent fluorescence responses. The degree of 

polarity sensitivity is quantified using the Polarity Sensitivity Factor (PSF), developed in our 

laboratory. In most cases, such polarity-sensitive probes show increased emission as the local 

polarity is decreased (PSF>1); ten such probes are described. However, less commonly, 

“reverse polarity dependence” can occur in which probe emission decreases with decreasing 

polarity (PSF<1); four such probes are described. The mechanism for the observed polarity-

induced fluorescence changes will also be discussed in selected representative cases. The 

purpose of this paper is to present details on a broad arsenal of polarity-sensitive fluorescence 

probes with varying properties, with potentially useful applications in the study of 

heterogeneous systems including inclusion phenomena, and in practical applications as 

fluorescent sensors, which will be useful to researchers studying supramolecular and other 

heterogeneous systems using fluorescence spectroscopy. 

 

Keywords: fluorescence; fluorescent probes; polarity sensitivity; solvent effects; sensors 
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Introduction 

 Fluorescence spectroscopy1 has been extensively and effectively applied to the study 

of heterogeneous environments,2,3 such as proteins,4 membranes5 and other biological 

structures,6 supramolecular inclusion systems,7,8 and polymers.9 In particular, polarity-

sensitive fluorescent dyes such as anilinonaphthalene sulfonates and coumarins have been 

extensively used to probe the local environment in such heterogeneous systems, for example 

probing the local polarity, viscosity, or water accessibility.10 In order to use fluorescence 

spectroscopy for these purposes, it is essential that an appropriate polarity-sensitive 

fluorescent probe be chosen. 

 In this article, a series of polarity-sensitive fluorescent probes will be evaluated for 

their spectroscopic properties, in particular their UV-visible absorption and emission 

properties, and the effect of solvent polarity11 on these properties, including wavelength 

maxima (red-shift or blue-shift) and emission intensities (brightness). One of the most 

important features of polarity-sensitive fluorescent probes is the degree to which their 

emission intensity is affected by changes in polarity. Different fluorescent probes show very 

different sensitivity to polarity in terms of their emission intensity. In order to express this 

polarity sensitivity of fluorescence probes, we developed the concept of the “Polarity 

Sensitivity Factor”, or PSF, as a quantitative expression of the degree to which the 

fluorescence emission of a given probe changes in a nonpolar relative to a polar 

environment.8,12,13 The PSF is given by: 

 

PSF = (FEtOH/FH2O) × (AH2O/AEtOH)   (1)  

 

where FEtOH and FH2O are the integrated fluorescence emission spectra of the fluorescent 

probe of interest in ethanol and water solution, respectively, and A is the absorbance of each 
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solution at the (identical) excitation wavelength. Water and ethanol were chosen as the polar 

and less polar solvents respectively because these types of polarity-sensitive probes were 

mainly used in our laboratory to study supramolecular host–guest inclusion complexes in 

aqueous solution, and the polarity of the internal cavity of the most common supramolecular 

hosts, cyclodextrins, is similar to that of ethanol solution.14 The PSF is basically the 

fluorescence enhancement (or suppression) of the probe molecule in ethanol relative to water, 

and is directly related to the relative quantum yield in ethanol vs. water, differing only in the 

constant factor of the square of the relative refractive index of ethanol and water. For 

fluorescent probes which show increased fluorescence with decreased solvent polarity, the 

PSF will be greater than 1, but for those which show decreased fluorescence with decreased 

solvent polarity, the PSF will be less than 1. The relative polarity sensitivity of a given 

fluorescent probe is therefore indicated by the magnitude of the PSF. Knowledge of the PSF 

of a given probe, as well as its absorption and emission wavelengths, is essential for choosing 

that probe for a particular application. 

 There have been previous reviews on the utility of fluorescent probes for studying 

heterogeneous systems,15-19 including specific families of fluorescent probes, such as 

anilinonaphthalene sulfonates15 and coumarins.19 There have also been other useful previous 

reviews of fluorescent probes, including an IUPAC report on fluorescent probes to be used as 

standards for fluorescence quantum yield measurements20 and a review of fluorescent probes 

that are useful for the detection of reactive oxygen species.21 This paper reports and tabulates 

for the first time the PSF values of a wide range of polarity-sensitive fluorescence probes, and 

serves as a useful resource for identifying appropriate probes for future applications in the 

fields of supramolecular and other heterogeneous chemistry. 
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Results and Discussion 

 A total of fourteen polarity-sensitive fluorescent probes were studied and quantified 

for this work. Of these fourteen, ten exhibited increased emission with decreasing solvent 

polarity (i.e. were more highly fluorescent in ethanol as compared to water solution at equal 

absorbance), while four exhibited decreased emission with decreasing solvent polarity (i.e. 

were more highly fluorescent in water as compared to ethanol solution at equal absorbance).  

 

Fluorescent Probes which Exhibit Increased Emission with Decreasing Solvent Polarity  

 The majority of fluorescent probes studied fall into this category. Probes exhibiting 

this polarity dependence can be utilized in “switch-on” fluorescence sensors upon inclusion 

into an appropriate host cavity (or “switch-off” upon host exclusion by a competing guest of 

interest).  The ten probes of this type studied and quantified for this work are shown in Figure 

1 on the next page. The measured values of the absorption maximum in water, the emission 

maximum in water and in ethanol, and the PSF for these ten probes are listed in Table 1. 

 As can be seen from this table, the absorption maxima of these probes span the 

UV/visible spectrum, from 308 to 631 nm, allowing for a probe with PSF>1 to be chosen for 

any excitation range required. Furthermore, the emission spans a broad range from 375 to 680 

nm, yielding a range of colours for sensor applications. There is also a wide range of PSF 

values; in most applications a PSF value as large as possible would be optimal. For the 

majority of these ten cases (1-3, 5-7), the increase in fluorescence intensity upon decrease of 

solvent polarity is accompanied by a blue shift in the absorption spectrum. For example, in 

the case of 1,8-ANS 2, the fluorescence maximum shifted from 560 nm in water to 473 nm in 

ethanol. In such cases the increase in emission can be attributed, at least in part, to the 

increased S1-S0 energy gap in ethanol as compared to water; by the energy gap law,22 this 
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results in a significantly lower rate constant for internal conversion as a nonradiative decay 

path, and therefore a correspondingly larger quantum yield for fluorescence. 

 The largest PSF values (by far) are found for the well-known and highly-utilized 

anilinonaphthalene sulfonate family of fluorescent probes 1 to 3. The incredibly high 

fluorescence polarity sensitivity of ANS probes has been well studied in the literature,23-28 

and has been explained as a combination of the effect of polarity on the S1-S0 energy gap and 

specific solvent-solute interactions in protic solvents.25 In the specific case of 1,8-ANS 2, 

Ebbesen and Ghiron25 concluded that in mixed water-ethanol solutions, the fluorescence 

wavelength is dependent on the macroscopic solvent polarity, while the quantum yield is 

dependent on the specific interactions of the fluorophore with water molecules in the mixed 

solvent. Thus, the large PSF values observed here can be attributed to the very low 

fluorescence quantum yield of the ANS probes in water, due to direct water-probe 

interactions which depopulate the S1 excited state and hence reduce the fluorescence 

emission. 

 Our research group has done extensive studies of 1,8-ANS 2 and 2,6-ANS 3 as probes 

of the supramolecular host-guest inclusion complexes of both cyclodextrins12,29 and 

cucurbit[n]urils.30-31 Figure 2 shows a photograph of 1,8-ANS 2 in the absence and presence 

of hydroxypropyl-β-cyclodextrin, illustrating the large effect of supramolecular host 

inclusion on the emission intensity of this probe in water, and its potential for application in 

switch-on or switch-off sensor technology. The effect of inclusion on emission wavelength 

(spectral shift) is also seen in this figure, with the colour changing from a pale green in water 

to a bright blue when complexed with the cyclodextrin. The largest PSF measured was that 

for the ANS dimer probe bis-ANS 1,32 which had a PSF of 216 ± 9. This means that bis-ANS 

is 216 times more fluorescent in ethanol than it is in water, which gives an incredibly large 

and easily measured signal change. As can be seen from Figure 1, bis-ANS itself is a 
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relatively large probe molecule, which would be most suitable for investigating large host 

cavities, or protein structures. 1,8-ANS and 2,6-ANS on the other hand are smaller, and are 

the appropriate size for investigation of the most common families of supramolecular hosts, 

including cyclodextrins and cucurbit[n]urils. Moreover, as we reported previously12 1,8-ANS 

and 2,6-ANS also have significant PSF values of 197 and 120, respectively, and have 

different shapes, with 2,6-ANS being more streamlined, and suited for narrow host cavities or 

material channels. Thus, the ANS family of fluorescent probes is particularly well suited for 

applications in fluorescent sensor design, as well as for the study of heterogeneous systems, 

including supramolecular host-guest complexation.  

 Two eosin dyes33-36 were studied, eosin B 4 and eosin Y 9. As can be seen in Figure 1, 

these dye molecules differ only in the replacement of two bromo substituents in eosin Y by 

nitro substituents in eosin B. However, as can be seen in Table 1, they have very different 

fluorescence properties, and most dramatically, highly different polarity sensitivities, arising 

from the presence or absence of the nitro groups. Eosin B is highly sensitive to polarity, with 

a PSF of 48 ± 14, whereas eosin Y shows a much lower sensitivity to polarity, with a PSF of 

2.7 ± 0.2. Eosin B fluoresces more to the red than does eosin Y, but the two have similar 

absorption properties. In general, eosin B is the preferred choice for studying heterogeneous 

systems or for sensor applications, as it shows a much greater change in emission intensity 

with change in polarity. 

 Curcumin 5 is an extremely interesting molecule.37-39 It is the main component of the 

spice turmeric, and a major component of curry powders. It has extensive bioactive 

properties, including antibiotic and anticancer properties. It is highly fluorescent, and hence 

turmeric itself exhibits strong, visible green fluorescence under UV irradiation, especially 

when dissolved in ethanol, as shown in Figure 3. As seen in Figure 1, curcumin has a 

symmetrical, elongated structure which makes it an interesting guest for host complexation: it 
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tends to form 2:1 host:guest complexes in which a host encapsulates each end of the 

molecule; this 2:1 complexation was observed in the case of both cyclodextrin40 and 

cucurbit[n]uril13 hosts. It also shows a high polarity sensitivity, with a PSF value of 39 ± 2, as 

reported by our group previously.13 Its high degree of polarity sensitivity, long symmetrical 

shape and tendency to form 2:1 host:guest inclusion complexes make curcumin a distinctive 

fluorescent probe, with potential specific utility in unique types of sensor applications. 

 The other polarity sensitive probes which show increased fluorescence in decreased 

polarity all have PSF values of 10 or less. Thus, while potentially useful as probes of 

heterogeneous environments, these probes would be less appealing in sensor technologies, as 

the signal changes obtained upon host inclusion or exclusion would not be as large as those 

obtained using any of the probes described above. However, each has a unique shape and 

fluorescence properties, which may potentially make them more useful in specific 

applications. Nile Blue A 641-43 is an oxazine dye, closely related to the more commonly used 

Nile Red. However, whereas Nile Red is insoluble in water (thus not allowing for a 

determination of its PSF), Nile Blue A is water soluble. In general, oxazine dyes have been 

used as laser dyes and in other optical applications, and show significant solvent-dependent 

fluorescence.41 Nile Blue A shows a moderate polarity sensitivity, with a measured PSF of 

9.8 ± 1.7. It also shows the longest-wavelength absorption and emission of all of the ten 

probes studied in this section, which is potentially useful for the development of sensors in 

the red region of the visible spectrum. 

 Dansyl lysine 7 is a fluorescent probe used for studying membrane structures, and has 

been proposed as a highly selective probe for cholesterol-free domains within membranes.44 

It shows a moderately strong PSF of 10 ± 2. As an illustration of this type of probe which 

shows increased fluorescence in decreased polarity, the fluorescence spectrum of dansyl 

lysine in water and in ethanol is shown in Figure 4; this figure clearly shows the increased 
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emission intensity in ethanol as compared to water, giving a PSF of an order of magnitude in 

this case. The blue shifting of the emission spectrum in ethanol relative to water is also 

clearly illustrated in this figure, in this case from 575 nm in water to 536 nm in ethanol.    

 The coumarins are a well-studied family of fluorescent probes,19,45 with widely 

varying fluorescence properties and solvatochromism. In fact, coumarins can exhibit either 

increased or decreased fluorescence emission upon decreased polarity. The example studied 

in this section, which shows an increased fluorescence upon decreasing solvent polarity, is 

the parent coumarin itself, 8.46 This is a relatively small fluorescent probe, suitable for small 

host cavities or heterogeneous pockets, and exhibits a PSF of 3.5 ± 0.5. Note that a coumarin 

with the opposite polarity sensitivity is described in the next section. 

 The final probe studied which showed increased fluorescence in ethanol as compared 

to water is the interesting aromatic hydrocarbon azulene 10.47-49 This molecule shows a 

beautiful blue fluorescence, and is interesting as the best-known example of an exception to 

Kasha’s Rule: its fluorescence originates from the S2 higher excited singlet state, whereas 

most molecules exhibit measurable fluorescence only from their first excited state, S1 

(Kasha’s Rule).1,49 Thus, azulene is an ideal probe for investigating the effects of 

supramolecular host inclusion or other heterogeneous systems on higher excited states. In 

addition, azulene is extremely small and compact as compared to the other probes 

investigated, other than coumarin, and thus is ideally suited for investigating small host 

cavities of material pores, and in compact molecular sensors based on small molecular hosts. 

A very small PSF of 1.5 ± 0.2 was measured for azulene; although this is relatively small, this 

still represents a 50% increase in the S2 fluorescence in ethanol as compared to water, making 

azulene a potentially useful upper excited state polarity-sensitive fluorescent probe. 
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Fluorescent Probes which Exhibit Decreased Emission with Decreasing Solvent Polarity  

 Only four of the fluorescent probes studied (11-14) exhibited this “reverse” polarity 

dependence of decreased intensity with decreased polarity; their structures are shown in 

Figure 5. Probes exhibiting this polarity dependence can be utilized as fluorescent “switch-

off” inclusion sensors, or more importantly as “switch-on” fluorescent sensors upon 

exclusion from an appropriate host cavity. Thus, in many ways, this rarer type of polarity-

sensitive fluorescent probe is of greater potential for supramolecular fluorescence sensor 

applications, as the sensor can be designed to switch its fluorescence on upon inclusion of a 

target competing species, which can itself be non-fluorescent. It is better to have such a 

switch-on sensor which is dark in the absence of the target molecule, but switches on in its 

presence, as this is much easier to measure, and the baseline (null response) is extremely 

small. 

 7-Alkoxycoumarins such as 7-methoxycoumarin (7MC, 11) are probably the best-

known examples of fluorescent guests which show the reverse polarity sensitivity of most 

probes,50-51 namely showing decreased emission in decreased polarity. We have previously 

reported extensive studies of the host-guest inclusion of 7MC into various CDs.52 7-MC 

showed the smallest value for a PSF less than 1, namely 0.09 ± 0.02; thus the emission of 

7MC in water is approximately ten times larger than it is in ethanol. Furthermore, the 

absolute value of the fluorescence quantum yield φF of 7-MC in water is relatively high, with 

a value of 0.21 ± 0.02 as determined in this work. This makes it a highly useful probe for 

potential sensor applications, particularly as a switch on exclusion probe, as both the change 

in intensity, and the intensity itself in the “on” configuration (exclusion into water), will be 

large and easily measurable. We have previously studied the application of 7MC in a 

prototype drug delivery fluorescent sensor system, based on polymer stars with cyclodextrin 
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cores.53 However, the use of 7MC in biomedical sensor applications is severely limited, as it 

is known to be toxic to humans.54 

 The mechanism for the increased fluorescence of 7MC in water as compared to 

ethanol is (not unexpectedly) quite different for that of the probes which show decreased 

fluorescence in water as compared to ethanol, the latter of which involved mainly the effect 

of the decreased S1-S0 energy gap on the rate of internal conversion back to the ground state. 

In the case of 7MC, the proposed mechanism involves the existence of a ππ* triplet state T2 

in close proximity in terms of energy to the ππ* S1 state in less polar environments such as 

ethanol. This results in a highly efficient (1
ππ* → 3

ππ*) intersystem crossing (ISC) process 

from the excited singlet to the nearby triplet state, resulting in a significant competing process 

with fluorescence for depopulation of the excited state, and hence a low fluorescence 

quantum yield.50 However, in a polar medium such as water, the energy of the S1 state is 

lowered significantly below that of the T2 state, and thus ISC can occur only to the nπ* T1 

state, which is a much less efficient ISC process (1
ππ* → 3nπ*). Thus, the fluorescence 

quantum yield is higher in water than in ethanol (“reverse” polarity dependence), and a PSF < 

1 is observed.    

 7-Azaindole (7AI, 12)55-60 is another example of a fluorescent probe which shows 

decreased emission with decreased polarity. It is highly important in biochemical sciences, as 

it is the fluorophore of 7-azatryptophan, a derivative of the essential amino acid tryptophan 

which exhibits more favourable spectroscopic properties than does tryptophan itself, 

including longer wavelength absorption and longer fluorescence lifetime.57 The emission 

spectrum of 7AI in water and in ethanol is shown in Figure 6; the enhanced fluorescence of 

7AI in water as compared to ethanol is clearly seen in this Figure. The PSF of 7AI was 

determined to be 0.34 ± 0.04. Thus, 7AI is a potentially useful fluorescent probe for a switch 

on sensor based on host exclusion in aqueous solution, however its PSF is significantly closer 
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to 1 than is the case for 7MC, i.e. it has a lower polarity sensitivity. Its fluorescence intensity 

is 3 times larger in water than in ethanol, compared to 7MC for which the fluorescence 

intensity is 10 times larger in water than in ethanol. Furthermore, the fluorescence quantum 

yield φF of 7AI in water was determined to be 0.031 ± 0.004, significantly lower than that of 

7MC. However, as is clear from its MSDS sheet, 7AI is nontoxic, and so can be used in 

medicinal sensor applications.  

 The potential usefulness of 7-azaindole as a nontoxic polarity-sensitive probe with 

higher fluorescence in higher polarity media led us to explore the fluorescence properties of 

N-methyl-7-azaindole (NM7AI, 13). It has been shown in the literature that a significant 

excited state decay pathway of 7AI in water is the result of the interaction of the NH group 

with solvent water molecules, and that this deactivation pathway can be removed by alkyl 

substitution at the amine nitrogen to yield N-methyl-7-azaindole.55 The fluorescence quantum 

yield φF of NM7AI in water was determined to be 0.58 ± 0.05, significantly higher than that 

of 7AI, and in fact twice as large as that of 7MC. Thus, sensors designed using NM7AI 

would potentially have a very bright “on” configuration. Unfortunately, however, the PSF of 

NM7AI was even closer to 1 than in the case of 7AI, with a value of 0.56 ± 0.01. Thus, the 

fluorescence of NM7AI in water is slightly less than a factor of 2 more intense than that in 

ethanol. 

 As a final example of a probe in this category of reverse polarity sensitivity, 

anthracene-9-carboxylic acid (A9C) 14 was studied.61-65 This is a highly complex molecule in 

aqueous solution, as it not only establishes an acid-base equilibrium, but it has also been 

shown in the literature that significant dimerization occurs, with the dimer having 

significantly different fluorescence properties than the monomer.61-63 Photodimerization has 

also been shown to occur.64 Our measurements revealed a moderate decrease in the total 

fluorescence intensity in ethanol as compared to water, with a PSF = 0.58 ± 0.04; thus the 
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increase in integrated fluorescence intensity of A9C in water relative to ethanol is less than a 

factor of 2. Due to this relatively small change in emission, and the extremely complicated 

chemical equilibria, photophysics and photochemistry involved, this probe was not studied 

further, and is not recommended for applications in the study of heterogeneous media or 

fluorescence sensor design. 

 

Experimental  

 (4,4’-dianilino)-1,1’binaphthyl-5,5’disulfonic acid, dipotassium salt (bis-ANS, 1) and 

N-e-(5-dimethylaminonaphthalene-1-sulfonyl)-L-lysine (dansyl lysine, 7) were received from 

Molecular Probes, Inc. and used as received. Eosin B (4), Nile Blue A (6), coumarin (8), 

eosin Y (9), azulene (10), 7-methoxycoumarin (11), 7-azaindole (12), and anthracene-9-

carboxylic acid (14) were received from Sigma-Aldrich, Ltd. and used as received.  N-

methyl-7-azaindole (13) was prepared according to the literature method.55,66 Analysis of 13: 

1H NMR (300 MHz, CDCl3) δ = 8.25 (dd, J = 4.5, 1.3 Hz, 1H), 7.82 (dd, J = 7.8, 1.5 Hz, 

1H), 7.11 (d, J = 3.6 Hz, 1H), 6.97 (dd, J = 7.8, 4.5 Hz, 1H), 6.36 (d, J = 3.6 Hz, 1H), 3.81 (s, 

3H). 

 All absorption measurements were performed using a CARY Bio UV-Vis 

spectrophotometer manufactured by Varian. The wavelength of maximum absorption for the 

first (S0 to S1) absorption band was recorded as λA,max. Solutions for emission measurements 

were prepared to give an absorbance at the excitation wavelength (determined based on the 

absorption spectra) near 0.30 a value high enough for sufficient excitation of the samples but 

low enough to prevent self-absorption and other non-linear effects.  Emission scans were 

performed on a Perkin Elmer (PE) LS 55 Fluorescence Spectrometer or a Photon 

Technologies International (PTI) RF-M2004 Fluorescence Spectrometer. All fluorescence 

emission spectra were corrected for the instrument detector response. The area underneath the 
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resulting fluorescence curve was recorded as the total fluorescence (F) and the wavelength at 

which maximum fluorescence occurred was recorded as λF,max. Blank scans were also 

performed on nanopure water and ethanol. The PSF was then calculated using Equation 1 

(which takes into account difference in absorbance between the water and ethanol solutions in 

each case). Fluorescence quantum yields were determined using the relative method, using 

9,10-diphenylanthrace in cyclohexane as the fluorescent standard (φF = 0.90).20 

 

Conclusions  

 A total of 14 polarity-sensitive fluorescent probes were studied and quantified in this 

work, with a broad range of polarity responses, and absorption and emission wavelength 

ranges. All of these probes have potential applications in the study of heterogeneous systems 

and the design of supramolecular fluorescent sensors. PSF was shown to be a useful measure 

of the degree of polarity sensitivity of fluorescent probes, and allowed for the quantification 

of the relative polarity sensitivity of each probe. 

 Ten of the probes studied showed the more common fluorescence polarity sensitivity 

of exhibiting increased intensity upon decrease in polarity (PSF > 1). Of these, the 

anilinonaphthalene sulfonates showed by far the greatest polarity sensitivity, with PSF values 

ranging from 120 in the case of 2,6-ANS to 216 in the case of bis-ANS. These ANS probes 

would be most useful in supramolecular fluorescent sensor design in which a “switch-off” 

response is desired upon exclusion from the host cavity. However, the seven other probes 

studied with this type of polarity sensitivity are also potentially useful, with PSF values 

ranging from 1.5 to 45. All of these probes have unique shapes, sizes, and spectral properties 

which might be useful for specific applications; for example the size and shape can be chosen 

to give an optimal fit with a specific material or host cavity size and shape to be investigated 

or utilized.  
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 A number of polarity–sensitive probes showing higher emission in water than in 

ethanol (“reverse polarity sensitivity”) were also studied. The quantum yield and PSF varied 

greatly, with the probe showing the highest quantum yield (NM7AI) showing the least 

significant PSF. The most useful probe of this type would be 7MC, which showed the highest 

degree of polarity sensitivity (PSF = 0.09) and a significant quantum yield. 7MC would be 

most useful in supramolecular fluorescent sensor design in which a “switch-on” response is 

desired upon exclusion from the host cavity. However, it is known to be toxic, so in the case 

of biomedical sensor application (for example involving drug delivery), 7AI or NM7AI are 

recommended. 

 Overall, these 14 polarity sensitive fluorescent probes and their details presented 

herein present a useful arsenal of probes for researchers studying a wide range of 

fluorescence applications. 
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Figure Captions 

 

Fig. 1. The structures of the ten fluorescent probes studied which show increased 

fluorescence in ethanol as compared to water (PSF > 1). 

 

 Fig. 2. The fluorescence of 1,8-ANS in water under 350 nm UV illumination in the absence 

(left) and presence (right) of 10 mM hydroxypropyl-β-cyclodextrin.  

 

Fig. 3. The fluorescence of turmeric powder dropped into ethanol under 350 nm UV 

illumination.  

 

Fig. 4. The fluorescence spectrum of dansyl lysine in water (H2O, red) and in ethanol (EtOH, 

blue). 

 

Fig. 5. The structures of the four fluorescent probes studied which show decreased 

fluorescence in ethanol as compared to water (PSF < 1). 

 

Fig. 6. The fluorescence spectrum of 7-azaindole in water (H2O, red) and in ethanol (EtOH, 

blue). 
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Table 1. The spectroscopic parameters and PSF of fluorescent probes which exhibit increased 

emission in ethanol as compared to water (PSF > 1). PSF error limits represent one standard 

deviation of at least 3 replicate trials cases. 

# Name λA,max/nm λF,max,H2O/nm λF,max,EtOH/nm PSF 

1 bis-ANS 386 561 500 216 ± 9 

2 1,8-ANS
a
 352 560 473 197  

3 2,6-ANS
a
 319 470 414 120 

4 eosin B 520 548 585 48 ± 14 

5 curcumin
b
 425 568 554 39 ± 2 

6 Nile Blue A 631 680 663 9.8 ± 0.7  

7 dansyl lysine 327 575 536 10 ± 2 

8 coumarin 308 390 486 3.5 ± 0.5 

9 eosin Y 518 542 550 2.7 ± 0.2 

10 azulene 338 375 376 1.5 ± 0.2  

a
From reference 12. 

b
From reference 13. 
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Table 2. The spectroscopic parameters and PSF of fluorescent probes which exhibit 

decreased emission in ethanol as compared to water (PSF < 1). PSF error limits represent one 

standard deviation of at least 3 replicate trials in all cases. 

# Name λA,max/nm λF,max,H2O/nm λF,max,EtOH/nm PSF 

11 7-methoxycoumarin 322 391 388 0.09 ± 0.02 

12 7-azaindole 288 382 355 0.34 ± 0.04 

13 N-methyl-7-azaindole 288 395 372 0.56 ± 0.01 

14 Anthracene-9-

carboxylic acid 

365 410 411 0.58 ± 0.04 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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