
Article J. Braz. Chem. Soc., Vol. 30, No. 3, 509-521, 2019
Printed in Brazil - ©2019  Sociedade Brasileira de Química

http://dx.doi.org/10.21577/0103-5053.20180193

*e-mail: vstefani@iq.ufrgs.br

Water-Soluble Benzazole Dyes Fluorescent by ESIPT: Structural Characterization, 
Photophysical Properties and Its Application as a Probe for Direct Staining of Helminths

Hélio L. Barros, a Sandra M. T. Marquesb and Valter Stefani*,a

aLaboratório de Novos Materiais Orgânicos e Química Forense (LNMO-QF), Instituto de Química,  
Universidade Federal do Rio Grande do Sul, Av. Bento Gonçalves, 9500, 91501-970 Porto Alegre-RS, Brazil

bLaboratório de Helmintologia, Faculdade de Veterinária, Universidade Federal do Rio Grande do Sul,  
Av. Bento Gonçalves, 9090, 91501-970 Porto Alegre-RS, Brazil

A series of four water-soluble benzazole dyes that emit fluorescence by the excited state 
intramolecular proton transfer (ESIPT) mechanism were structurally characterized by Fourier 
transform infrared spectroscopy (FTIR), 1H and 13C nuclear magnetic resonance (NMR) attached 
proton test (APT) and mass spectrometry. Their photophysical properties were systematically 
studied by UV-absorption and fluorescence emission. Some photophysical parameters were obtained 
by semi-empirical PM3 and ZINDO methods, and related to experimental photophysical data. 
Changes in the absorption and fluorescence emission spectra as well as conformational equilibrium 
between different species were investigated in solvents of different polarities and under different 
pH conditions. These benzazole dyes emit dual fluorescence emission in the blue-orange region 
with a Stokes shift between 2617-12337 cm-1. In general, these dyes are potentially interesting 
for studies of biological systems in an aqueous environment due to the presence of groups that 
increase aqueous solubility and reactivity with biomolecules. The present dyes were successfully 
used as new probes by means of direct staining of larvae. The obtained results indicate that these 
fluorescent dyes permit a quick, easy and selective visualization of larvae.
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Introduction 

Heterocyclic benzazole compounds are of great 
synthetic interest because of their versatility and a variety 
of applications, such as the detection of latent fingermarks,1 
their utility as laser dyes,2 UV photostabilizers3-5 and 
optical filters6,7 and, particularly, in studies on biological 
systems.8-12 The latter is largely influenced by their 
pharmacological activities, i.e., antiviral,13 antibiotic,14 
antifungal,15 anticancer,16 antiparasitic,17 antimicrobial18 
and anti-Parkinson’s disease.19 However, many properties 
of these compounds in aqueous media are limited in 
some applications, particularly due to their poor aqueous 
solubility.20-22 We report here four benzazole dyes, namely 
HB-6, HB-7, HB-9 and HB-11, which incorporate 
hydrophilic groups to increase their aqueous solubility 
and reactivity with biomolecules. These compounds 
demonstrate excellent thermal, photochemical and 

photophysical stability.23-25 The large Stokes shift of these 
molecules, caused by the excited state intramolecular proton 
transfer (ESIPT) mechanism, is an important characteristic 
for biological applications because many biological systems 
show auto-fluorescence in the blue-green region.26

The ESIPT mechanism is a photo-induced process 
in which a proton is transferred from a proton donor 
(–OH, –NH2) to a proton receptor (–C=O, –N=) when 
they are nearby,27,28 see Figure 1. In the ground state, 
molecules that exhibit ESIPT exist exclusively in the 
enol conformer, which is stabilized by intramolecular 
hydrogen bonding. When the enol conformer (E1) is 
irradiated by UV light, it absorbs energy and gives rise 
to the excited enol conformer (E1*), which is rapidly 
converted to the excited keto tautomer (K1*), also known 
as the ESIPT form, by intramolecular proton transfer. 
Then, the excited keto tautomer (K1*) decays to the 
ground state (K1), thus emitting fluorescence. The keto 
tautomer (K1) is less stable than the enol conformer (E1), 
so it is regenerated into the initial enol conformer (E1) 
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without any photochemical change.29,30 Evidence of 
other conformers in solution that can compete with those 
exhibiting ESIPT was experimentally observed through 
the solvatochromic effect and dual fluorescence emission 
(Figure 2).31 Other conformers of benzazoles may exist 
in solution and compete with those exhibiting ESIPT. 
For example, in protic or polar solvents, an enol-cis open 
conformer (E2) can be observed.32 On the other hand, in 
non-polar solvent, the enol-trans conformer (E3) or the 
enol-trans open conformer (E4) can also be stabilized.33,34

Infections with gastrointestinal helminths in ruminants 
and equines are caused by different types of parasites, most 
of them belonging to the superfamily Trichostrongyloidea. 
These infections incur important economic losses due 
to animal mortality and the expense of treatment with 
anthelmintics. The identification of parasite genera is 

difficult using stool tests because the eggs of various 
helminths have a similar appearance and size. So, it is 
necessary to cultivate the infective third stage larvae (L3) 
to identify the most pathogenic genera. The identification 
of larvae using currently available techniques is laborious 
and requires highly trained personnel.35 An easy and rapid 
method for the identification and differentiation of larvae 
species is proposed in this work, which consists of using 
these fluorescent dyes and epifluorescence microscopy for 
the staining and visualization of larvae. 

Experimental

Materials and measurements 

All reagents and solvents used in the synthesis and 
purification of the compounds were purchased from Sigma-
Aldrich, Acros or Merck and were used without further 
purification. Deionized water was used for the preparation 
of dye solutions. Spectroscopic solvents (Merck and 
Deutero) were used to prepare samples for spectroscopic 
characterization. 1H and 13C nuclear magnetic resonance 
(NMR) spectra were obtained with a Varian INOVA-300 
and Bruker Avance-400. Infrared (IR) spectra were obtained 
using a Mattson Galaxy Series 3000 FTIR in KBr and 
the mass spectra in a Shimadzu GCMS-QP20105 with a 
quadrupole analyzer. The absorption spectra were obtained 
using a Varian Cary-50 spectrometer and the fluorescence 
spectra were obtained with a Hitachi spectrometer model 
F-4500, using an excitation wavelength of 324 nm. All 
the photophysical experiments were performed at room 
temperature (25 °C) and in a concentration range from 
10-4 to 10-6 mol L-1. The fluorescence quantum yield of the 
dyes was determined using the single-point method.36,37 
Anthracene with an excitation wavelength of 355 nm 

Figure 2. Different conformers of benzazoles in a solution that can compete with those exhibiting ESIPT. E2: enol-cis open conformer, E3: enol-trans 
conformer and E4: enol-trans open conformer. 

Figure 1. Photophysical pathways for ESIPT-exhibiting benzazole. E1 
(enol conformer), K1 (keto tautomer), E1* (excited enol conformer) and 
K1* (excited keto tautomer or ESIPT form). 
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(ΦF 0.29 in ethanol) was used as the reference. The 
measurements were performed in water (pH 6), ethanol and 
ethyl acetate at 25 °C with absorbance < 0.1 (concentration 
of 1 × 10-6 mol L-1) (Table S1 in the Supplementary 
Information (SI) section).

General procedure for the synthesis of the benzazole dyes 
HB-6, HB-7, HB-9 and HB-11

The general methodology for benzazole dye synthesis 
is presented in Scheme 1. The reaction consists of the 
condensation of substituted salicylic acid derivatives 
with ortho-substituted anilines in polyphosphoric acid 
with the temperature ranging from 140 to 180 °C. These 
compounds were prepared by the present authors, and 
they are in patent pending at the National Institute 
of Intellectual Property.38 Some of them have been 
successfully used to reveal latent fingermarks on the 
sticky side of different types and colors of adhesive tape1 
and for the visualization of Oxyuris equi eggs.8 These 
benzazole dyes are water-soluble and fluorescent in the 
blue-orange region when exposed to longwave UV light. 
Figure 3 shows the fluorescent dyes in the solid state under 
white light (Figure 3a) and ultraviolet light of 365 nm 
(Figure 3b), where we can see an intense fluorescence 
emission. Some sulfonated benzothiazole derivatives 

were patented in 1970 by Freyermuth,39 using different 
methodology to introduce sulfonate group.

3-(Benzo[d]oxazol-2-yl)-4-hydroxybenzenesulfonic acid 
(HB-6) 

Purple solid; yield 54%; mp > 300 °C; 1H NMR 
(300 MHz, DMSO-d6) d 8.00 (dd, J 7.9, 1.7 Hz, 1H), 
7.87-7.78 (m, 2H), 7.49-7.42 (m, 2H), 7.07 (d, J 7.5 Hz, 
1H), 7.02-6.95 (m, 1H); 13C NMR attached proton test 
(APT) (75 MHz, DMSO-d6) d 163.10, 159.67, 149.20, 
140.1, 134.23, 128.40, 126.02, 125.38, 119.59, 119.20, 
118.31, 111.36, 111.09; FTIR (KBr) ν / cm-1 3500, 3250, 
3000, 2325, 1650, 1500, 1250, 1120, 880, 750. 

3-(Benzo[d]thiazol-2-yl)-4-hydroxybenzenesulfonic acid 
(HB-7) 

Gray solid; yield 71%; mp 157-160 °C; 1H NMR 
(400 MHz, DMSO-d6) d 8.48 (d, J 2.1 Hz, 1H), 8.12 (dd, 
J 2.1, 7.9 Hz, 2H), 7.63 (dd, J 8.5, 2.2 Hz, 1H), 7.58-7.52 
(m, 1H), 7.49-7.42 (m, 1H), 7.03 (d, J 8.5 Hz, 1H); 
13C NMR APT (75 MHz, DMSO-d6) d 164.93, 156.77, 
151.79, 140.42, 134.89, 130.34, 126.96, 126.38, 125.57, 
122.59, 122.51, 117.75, 116.62; FTIR (KBr) ν / cm-1 3500, 
1625, 1500, 1020, 750. 

4-Hydroxy-3-(6-methylbenzo[d]oxazol-2-yl)benzenesulfonic 
acid (HB-9)

Gray solid; yield 16%; mp 136-137 °C; 1H NMR 
(300 MHz, DMSO-d6) d 7.98 (dd, J 8.1, 1.6 Hz, 1H), 7.70 
(d, J 8.1 Hz, 1H), 7.64-7.61 (m, 1H), 7.55-7.46 (m, 1H), 
7.26 (dd, J 8.8, 0.7 Hz, 1H), 7.14-7.02 (m, 2H); 13C NMR 
APT (75 MHz, DMSO-d6) d 162.15, 158.10, 149.39, 
137.62, 136.45, 134.13, 127.71, 126.81, 120.34, 118.94, 
117.51, 111.37, 110.80, 21.70; FTIR (KBr) ν / cm-1 3300, 
3000, 2900, 1725, 1500, 1250, 1040, 850, 750. 

2-(5-Amino-2-hydroxyphenyl)benzo[d]oxazole-5-sulfonic 
acid (HB-11)

Gray solid; yield 54%; mp > 300 °C; 1H NMR 

Scheme 1. Synthetic procedure for the preparation of water-soluble benzazole dyes.

Figure 3. Images of HB-6, HB-7, HB-9 and HB-11 in the solid state 
(a) under white light and (b) under ultraviolet light of 365 nm.
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(300 MHz, DMSO-d6) d 7.86 (t, J 1.0 Hz, 1H), 7.81 (d, 
J 2.7 Hz, 1H), 7.72 (d, J 1.1 Hz, 2H), 7.41 (dd, J 8.9, 2.7 Hz, 
1H), 7.19 (d, J 8.8 Hz, 1H); 13C NMR APT (100 MHz, 
DMSO-d6) d 164.94, 156.97, 151.49, 140.04, 140.01, 
134.83, 130.39, 127.01, 126.39, 125.62, 122.51, 117.75, 
116.74; FTIR (KBr) ν / cm-1 3400, 3050, 2600, 1625, 1400, 
1250, 1100, 1040, 775, 700, 600.

Computational details

Theoretical calculations were performed with Argus 
Lab software 4.01.40 Final geometry optimization and 
energy of the highest occupied molecular orbital (HOMO) 
and lowest unoccupied molecular orbital (LUMO) were 
done with semi-empirical PM3 (NDDO) method and 
STO-3G basis set. Electronic transitions were calculated 
using ZINDO method and STO-6G basis set (in vacuum). 
The electron density and spatial orientation of the HOMO 
and LUMO molecular orbitals, and electrostatic potential 
(ESP) mapping were obtained using semi-empirical PM3 
and ZINDO methods, respectively. 

Formulation of the staining solution 

For staining the larvae, a 3.3 mmol L-1 solution of the 
dye HB-11 was prepared by dissolving 100 mg of the dye 
in 100 mL of distilled water. The mixture was stirred until 
the dye dissolved completely. When necessary, the mixture 
was heated or sonicated. 

General procedure for staining Trichostrongyloidea larvae

The third stage larvae (L3) were obtained by the fecal 
coproculture method,41 which consists of mixing feces with 
sterile sawdust and distilled water, which is then incubated 
at 25-27 °C for seven days. After that, the culture flask was 
filled with water to the brim. The flask was capped with a 
Petri dish and quickly inverted to avoid spilling the liquid 
and placed in saline solution at 45 °C until half of the Petri 
dish was filled, resulting in the attraction of L3 larvae out 
of the flask by hydrotropism. After 2 h, the liquid in the 
Petri dish was collected with a pipette and stored in a test 
tube in a refrigerator at 5 °C and, subsequently, analyzed 
by optical microscopy and epifluorescence.

The larvae were incubated in a glass flask with the 
fluorescent probe HB-11 at a concentration of 3.3 mmol L-1 
for 1 min to 24 h, at room temperature, and observed using 
an epifluorescence microscope with a UV filter and a low 
power (10×) and high power objective (40×). The larvae 
images were obtained with excitation from a mercury 
lamp. The sample of the larvae (not stained with the dye) 

was first analyzed by epifluorescence microscopy, but no 
autofluorescence was observed.

Results and Discussion

Photophysical properties

The UV-Vis absorption and fluorescence emission 
spectra of the dyes HB-6, HB-7, HB-9 and HB-11 were 
performed in solution (10-5 mol L-1) using solvents with 
different polarities. The data are shown in Figure 4. The 
relevant UV-Vis absorption data from these dyes are 
summarized in Table 1. The maximum absorption of these 
dyes in all solvents is located in the range of 317-338 nm 
and showed a slight dependence on the solvent polarity 
(about 4 nm). The HB-7 and HB-11 dyes showed higher 
wavelengths of maximum absorption compared to the other 
dyes (about 12 nm). The HB-7 behavior can be explained 
by the better electron delocalization allowed by the sulfur 
atom in relation to the oxygen located on the azole ring. 
For HB-11, the presence of the amine group located on 
benzene ring opposite to the oxazole ring enhanced electron 
donating effect. The influence of donor and acceptor groups 
on other benzazole was related by Rodembusch et al.29 and 
Padalkar et al.42 They found that electron donor groups 
present on oxazole ring accelerate the flow of electron 
from donor to acceptor and cause red shifted absorption, as 

Table 1. Absorption data for the benzazole dyes HB-6, HB-7, HB-9 
and HB-11

Dye Solvent
UV-Vis absorption

λmax / nm Ɛmax / (× 104 L mol-1 cm-1)

HB-6

water 317 3.59

methanol 324 3.41

ethanol 319 4.67

ethyl acetate 318 6.90

HB-7

water 329 5.87

methanol 331 4.20

ethanol 332 5.18

ethyl acetate 333 4.50

HB-9

water 320 3.59

methanol 321 5.00

ethanol 321 7.18

ethyl acetate 321 5.60

HB-11

water 329 3.81

methanol 332 4.25

ethanol 338 4.54

ethyl acetate 333 5.65

λmax: maximum absorption wavelength; Ɛ: molar absorptivity values.
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Figure 4. Normalized absorption and fluorescence emission spectra of HB-6, HB-7, HB-9 and HB-11 in solvents with different polarities (excitation 
wavelength 324 nm). 
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observed by us. The photophysical behavior is also usually 
related to the conformational equilibrium in solution in the 
ground state.43-45 All molar absorptivity values (Ɛ) are on the 
order of 104 L mol-1 cm-1, as expected for π-π* transitions. 

The fluorescence emission spectra were obtained 
using an excitation wavelength of 324 nm (wavelength 
of maximum absorbance of these dyes). The relevant 
fluorescence emission data from these derivatives are 
summarized in Table 2. As expected for compounds which 
exhibit ESIPT, these derivatives exhibited dual fluorescence 
emission.29 The ESIPT mechanism is highly dependent 
on the polarity of the solvent, and thus the intensity of the 
two bands varies, dependent on the polarity of the solvent 
used. As shown in Figure 1, in the ground state enol 
conformer (E1) absorbs UV radiation, leading to the singlet 
excited state enol (E1*), which tautomerizes to the excited 
state keto tautomer (K1*). This conversion is responsible 
for energy loss with a large Stokes shift, and the excited 
keto tautomer decays to the ground state (K1), thereby 
emitting fluorescence. The excited enol can also decay to 
the ground state, without losing energy, via intramolecular 
proton transfer, thereby emitting fluorescence. The single 
red-shifted (higher wavelength) and blue-shifted (shorter 
wavelength) emission bands that appear in almost all 
fluorescence emission spectra are ascribed to the excited 
ceto tautomer (ESIPT band) and the excited enol conformer 

(normal band), respectively. Other conformational species 
that can be better stabilized in the excited state in the solvent 
were also related by Krishnamoorthy and Dogra46,47 for 
similar benzazole compounds.

The HB-7 dye in ethyl acetate, although seemed to be 
an exception,  showed only one emission band ascribed 
to the ceto band, which is originated from excited state 
intramolecular proton transfer mechanism. 

Despite these dyes have a similar chemical structures, 
they behaved independently, which indicated the 
photophysical behavior is not always directly related to 
the structures, or even solvents with similar polarities, as 
also observed by Dick et al.48 

The Stokes shifts of these dyes were in the range of 
2617-8038 and 8024-12337 cm-1 for the enol conformer 
and the keto tautomer, respectively. These values are 
summarized in Table 2 and are consistent with compounds 
that undergo ESIPT.

In order to understand the electronic transitions of 
these benzazole dyes, semi-empirical calculations on 
electronic absorption spectra in vacuum was performed 
using ZINDO method. The calculated energy of electronic 
transitions, assignment of the molecular orbital involved in 
the electronic transitions, and oscillator strength are listed 
in Table 3. The maximum observed absorbance of dyes, 
HB-6, HB-7, HB-9 and HB-11 are located about 320, 

Table 2. Fluorescence emission data for the benzazole dyes HB-6, HB-7, HB-9 and HB-11

Dye Solvent

Fluorescence emission

ΦFEnol-form Keto-form

λmax / nm ΔλST / cm-1 λmax / nm ΔλST / cm-1

HB-6

water 365 4148 470 10269 0.026

methanol 364 3392 471 9633 −

ethanol 429 8038 526 12337 0.103

ethyl acetate 426 7862 510 11839 0.329

HB-7

water 369 3295 449 8123 0.086

methanol 379 3826 − − −

ethanol 424 6536 503 10240 0.102

ethyl acetate − − 464 8478 0.295

HB-9

water 423 7609 499 11209 0.119

methanol 366 3830 473 10071 −

ethanol 430 7897 495 10951 0.065

ethyl acetate 425 7624 508 11468 0.176

HB-11

water 360 2617 447 8024 0.106

methanol 420 6311 511 10551 −

ethanol 372 2704 489 9136 0.122

ethyl acetate 449 7758 508 10345 0.180

λ: wavelength; ΦF: fluorescence quantum yield.
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331, 321 and 333 nm, respectively, while the maximum 
absorbance calculated appeared at 329, 328, 335 and 
340 nm, respectively. These bands are due to transition 
between HOMO and LUMO and characterized by the 
lowest electronic transitions energy and by the highest 
oscillator strength value, as can be seen in Table 3. The 
other higher electronic transitions are also shown in Table 3, 
with their respective orbitals involved.

The good agreement between the theoretical and 
experimental was observed for all dyes, although theoretical 
calculation used did not take into account the effect of the 
solvent. 

Frontier molecular orbitals (HOMO and LUMO)

The HOMO represents the capacity of the molecule to 
cede an electron, while LUMO represents the capacity to 
accept electron. They are the principal orbitals taking part in 
chemical reaction and chemical stability.49 The HOMO and 
LUMO orbitals can also determine the reactive site and the 
way by which the molecule interacts with other species.50,51 

Table S2 (SI section) shows the calculated value of 
HOMO and LUMO energy, the energy gap between 

HOMO and LUMO, the molecular hardness (η) and other 
physicochemical parameters as the total energy of geometry 
structure optimization and heat of formation obtained by 
PM3 semi-empirical method. The results show energy gap 
values between 7.32 and 8.13 eV. These values are higher 
than energy gap obtained of other benzazole derivatives 
by density functional theory (DFT), where energy gap 
observed is from 4.23 to 4.43 eV.52

Figure 5 shows a comparison between the electron 
density of HOMO and LUMO, and electrostatic potential 
of the benzazole dyes synthesized. The electron densities 
are similar in general for the related structures. However, 
as expected for HOMO orbital of HB-11, the presence of 
a strong attractant group (sulfonic) removes the electronic 
density in the benzazole moiety. This result is also evidenced 
by the analysis of electrostatic potential (ESP) (Figure 5). 
In all cases, HOMO is localized orthogonal to the plane of 
the molecule and it is a bonding molecular orbital (π), while 
LUMO is also orthogonal to the plane of the molecule, but it 
is non-bonding molecular orbital (π*). The electron density 
and spatial orientation of the HOMO and LUMO molecular 
orbitals show that the transition/excitation occurs between 
them and they are π-π* type. The ESIPT is associated to 

Table 3. Theoretical and experimental electronic absorption spectrum of benzazole dyes 

Dye
Energy Oscillator 

strength / a.u.
State dipole / debye Electronic transition

Calculated (calcd. / nm) / cm-1 Experimentala / nm

HB-6

30436.1 (328.6) 
34071.5 (293.5) 
35099.9 (284.9) 
37374.8 (267.6) 
37891.3 (263.9)  
39600.0 (252.5) 
39879.2 (250.8)

320

0.6322 
0.0124 
0.0749 
0.0083 
0.0532 
0.0114 
0.1346

12.2157 
8.1979 
9.7427 
11.3410 
9.9325 
4.4185 
10.9064

HOMO→LUMO 
HOMO–2→LUMO 
HOMO→LUMO+5 
HOMO–8→LUMO 

HOMO–2→LUMO+2 
HOMO–4→LUMO+2 
HOMO–3→LUMO+2

HB-7

30446.1 (328.0) 
34069.1 (293.5)  
34108.7 (293.2) 
34553.5 (289.4) 
37938.9 (263.6) 
39640.7 (252.3) 
39893.4 (250.7)

331

0.6967 
0.0057 
0.0094 
0.0810 
0.0546 
0.0037 
0.1169

12.6398 
11.0889 
9.3099 
10.4763 
11.2274 
3.3843 
12.1311

HOMO→LUMO 
HOMO–8→LUMO 
HOMO–2→LUMO 
HOMO→LUMO+5 

HOMO–2→LUMO+2 
HOMO–4→LUMO+2 
HOMO–3→LUMO+2

HB-9

29898.6 (334.5) 
33770.3 (296.1) 
34825.0 (287.2) 
39372.9 (264.1) 
39372.9 (254.0) 
39607.2 (252.5) 
39865.7 (250.8)

321

0.5853 
0.0033 
0.1081 
0.0519 
0.0177 
0.0061 
0.1864

13.7381 
8.7539 
11.2667 
10.9843 
16.8282 
4.3602 
11.8234

HOMO→LUMO 
HOMO–2→LUMO 
HOMO–1→LUMO 

HOMO–2→LUMO+2 
HOMO–1→LUMO 

HOMO–4→LUMO+2 
HOMO–3→LUMO+2

HB-11

29387.9 (340.3) 
33569.8 (297.9) 
35003.3 (285.7) 
37489.1 (266.7) 
39322.3 (254.3) 
40020.1 (249.9)

333

0.4371 
0.2624 
0.1761 
0.0065 
0.0630 
0.0192

12.4910 
11.1970 
10.3931 
20.0053 
6.9459 
6.5402

HOMO→LUMO 
HOMO–1→LUMO 

HOMO–1→LUMO+1 
HOMO–1→LUMO+2 
HOMO–2→LUMO+2 
HOMO–4→LUMO+2

aAverage value of the absorption energies observed in solvents of different polarities.
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the change in electronic density, with the transfer of certain 
quantities of charges between the donor and the proton 
acceptor, after electronic excitation.53,54 The delocalization 
of the electron density in the pz orbital on the nitrogen atom 
of the azole ring and of the oxygen of the hydroxyl group 
is indicative of the change of basicity and acidity, which 
confirms the occurrence of ESIPT mechanism in these dyes, 
as observed in the experimental data.

ESP mapping is very useful to explore the reactivity 
of organic compounds. It has been applied successfully 
to understand and determine the nucleophilic as well as 
electrophilic sites in molecules.55 The nucleophilic and 
electrophilic sites of the molecule are expressed in term 
of different surface color, where the red color expresses an 
electron rich site (it is related to electrophilic reactivity), 

whereas white expresses an electron deficient site (it 
is related to nucleophilic reactivity). As can be seen in 
Figure 5, it is clear that electronic density in all dyes is 
concentrated on the oxygen atoms of the sulfonic and 
hydroxyl groups as well as in the heteroatoms of the azole 
ring. On the other hand, the benzene rings attached with 
sulfonic group are electron deficient sites, due to electron 
withdrawing nature of the substituent group.

The numerous applications of the benzazole dyes, 
especially in biological studies, underscore the need for 
a description of the fluorescence properties in aqueous 
solution, in particular, a description of the effects of pH and 
concentration. We believe that it can improve understanding 
of some phenomena related to the photoaffinity labeling of 
biological systems and their use as pH indicators.

Figure 5. Electron density of frontier molecular orbitals obtained by PM3 method (the blue and red colors indicate opposite signals of the wave function) 
and electrostatic potential distribution obtained by ZINDO method (red = larger electron density and white = smaller electron density).
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Concentration effect on fluorescence intensity

Figure 6 shows the fluorescence emission spectra 
obtained using concentrations in the range of 10-6 to 
10-4 mol L-1 for the dyes in aqueous solution with an 
excitation wavelength of 324 nm. As expected, the 
florescence intensity increased with increased concentration 
as more molecules were absorbing light. This result 
indicates that, in this concentration range, no significant 
fluorescence quenching was observed. A plot of the 
maximum fluorescence intensity as a function of the 
dye concentration is shown in Figure S1 (SI section). 
The HB-9 dye showed higher fluorescence intensity 
compared to the other dyes in the same concentration 
range. In contrast, HB-6 required a higher concentration 
to achieve the same fluorescence intensity as HB-7 and  
HB-11.

Dependence absorption and fluorescence intensity on pH

In order to determine the effect of pH on the photophysical 
properties, the absorbance and fluorescence emission were 
measured for each dye in a pH range from 2 to 12 and at 
a concentration of 3.2 × 10-5 mol L-1 in aqueous solution 
(Figure 7, Figures S2 and S3 in SI section). The pH of the 
aqueous dye solutions was adjusted by dropwise addition 
of hydrochloric acid (1 mol L-1) or sodium hydroxide 
(0.5 mol L-1), and then the fluorescence intensity was 
measured as a function of pH. Fluorescent compounds 
that possess acidic groups tend to be highly dependent on 
the pH. We correlated the fluorescence intensity of these 
dyes with the pH, and observed that fluorescence was 
significantly influenced by the pH conditions. 

As shown in Figure 7 and Figure S2 (SI section), 
there was a change in the wavelength and/or the intensity 

Figure 6. Fluorescence intensity spectra of HB-6, HB-7, HB-9 and HB-11 (in water) at different concentrations (excitation wavelength 324 nm). 
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Figure 7. Fluorescence intensity spectra in 3.2 × 10-5 mol L-1 aqueous solutions of HB-6, HB-7, HB-9 and HB-11 at different pH levels (recorded at room 
temperature and an excitation wavelength of 324 nm).

of fluorescence when the pH was changed from 6 to 8. 
HB-6 showed a considerable change in both wavelength 
and fluorescence intensity. HB-7 and HB-11 showed a 
large change in fluorescence intensity, but the maximum 
emission wavelength remained unchanged. In contrast, 
HB-9 showed a slight change in fluorescence intensity 
and a large change in the maximum emission wavelength 
(approximately 100 nm). These results reveal that at 
least two species give rise to fluorescence emission. The 
absorption spectra showed similar behavior (Figure S3, 
SI section), where a change in the structure of the bands 
(wavelength and absorption intensity) was observed 
as a function of pH, again indicating the existence of 
different species in acidic and alkaline environments. The 
absorbance spectrum of the compound HB-6, as observed 
in the fluorescence spectrum, showed only a variation in 
intensity above pH 8. HB-7 showed three absorbance 

band profiles with an absorbance maximum at different 
wavelengths, depending on the pH. The first profile, from 
pH 2 to 4, had an absorbance maximum at 325 nm. The 
second, up to pH 6, had a lower absorbance intensity 
maximum at 325 nm, while another band appeared at 
375 nm; this band intensified from pH 10 to 12. HB-9 
showed similar results as HB-6, i.e., only a variation 
in the intensity of the absorbance band when the pH 
increased. HB-11 showed a similar result as HB-7, with 
three absorbance band profiles with maximum absorbance 
at 325 nm at pH 2, a decrease in this band from pH 4 to 
6, and the appearance of another band at 375 nm, which 
intensified from pH 10 to 12. Additional studies that 
include theoretical calculations are in progress to identify 
the species responsible for the absorption and fluorescence 
emission at the studied pH levels.
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Staining methodology 

In order to assess the ability of these dyes to stain 
larvae, HB-11 was incubated in complete culture medium 
at a concentration of 3.3 mmol L-1 and uptake was studied 
by epifluorescence microscopy at different time points 
(1 min to 24 h). The fluorescence emitted by the larvae 
clearly confirmed that our molecules efficiently stain the 
larvae by penetrating the cell membrane. The fluorescence 
intensity of the stained larvae was influenced by the 
staining time. As shown in Figure 8, the fluorescence 
intensity after 24 h was higher than the intensity observed 
after 1 min of exposure to the dye solution. However, for 
the detection and diagnosis of larvae, 1 min of exposure 
was enough, making this a quick and easy method. 
Another advantage of this method is that it can be used 
with fluorescent dyes solubilized in water, which will 
stain biologic material without altering the morphology; 
moreover, this technique is environmentally safe. Many 
other dyes, currently used for staining biologic materials, 
use organic solvents alone or in aqueous mixtures, which 
may be combined with acids or bases in their formulation, 
preventing their use to study the morphology of biological 
material. Furthermore, the use of organic solvents is 
associated with an increased health risk for those who 
handle them frequently and therefore should be avoided. 
The high thermal, chemical and photochemical stability 
of these dyes as well as the low cost of their synthesis and 
purification make these new dyes a simple and versatile 

tool to study biological systems. The photostability was 
evaluated during the time that the larvae staining with 
the dye remained under excitation in the epifluorescence 
microscopy (20 min) and the storage time of the dye 
solution in the laboratory bench (1 year). Fluorescence 
was unchanged in these two circumstances. The dye 
solutions may be stored for long period of time without 
any degradation of the dyes. Figure 9 shows the optical 
and epifluorescence microscopy images of different 
regions of larvae stained with HB-11 for 24 h. Similar 
results were obtained with HB-7 and HB-9.

We believe that the staining mechanism was likely via a 
chemical reaction or via electrostatic adsorption of the dye 
by proteins or other amino groups on the cell membrane, as 
we suggested for the development of latent fingerprints.1 In 
this study, we limited ourselves to showing the effectiveness 
of these dyes in staining larvae. Morphological studies and 
the differentiation of larvae species are still in progress and 
will be reported in due course.

Conclusions

In the present work, the synthesis of new water-soluble 
benzazole dyes and their characterization by FTIR, NMR 
(1H and 13C APT), mass spectrometry, UV-Vis and 
fluorescence spectroscopic and spectrometric data were 
described. These dyes showed good photophysical stability 
in the course of analysis (20 min) and intense fluorescence 
emission in the blue-green region (364-526 nm). The 

Figure 8. Epifluorescence microscopy pictures of different regions of larvae stained with HB-11 (concentration of 3.3 mmol L-1) for different periods 
of time, at low power (10×, top) and high power (40×, bottom), using a UV filter and a mercury lamp as a source of excitation. (a), (d) and (f): 1 min; 
(b): 10 min; (c) and (e): 24 h. Larvae are 2-8 mm long by 50-60 µm wide.
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results show that their photophysical properties are highly 
influenced by pH conditions. These dyes have solubilities 
in water that are satisfactory for applications and studies of 
biological systems. Both have sulfonic acid functionalities 
and can be activated and used to conjugate fluorescent dyes 
to biomolecules. The present dyes were successfully used as 
new probes by means of direct staining of helminth larvae. 

Supplementary Information

Supplementary information (1H, 13C APT NMR and 
infrared spectra of the dyes) is available free of charge at 
http://jbcs.sbq.org.br as a PDF file.
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