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A new electrosynthesized, fluorescent 4-amino-3-hydroxynaphthalene-1-sulfonic acid-doped 

polypyrrole (AHNSA-PPy) was used for the detection of Cr(VI), Pb(II) and Cd(II) heavy metallic ions. 
The optical properties of AHNSA-PPy were studied by UV-VIS absorption and fluorescence spectrome-

try in diluted DMSO solutions. UV-VIS spectrum showed a main band at 260 nm, a moderate band at 240 

nm, and shoulders at 285, 295, 320 and 360 nm, whereas the fluorescence spectrum presented an excita-

tion peak at 330 nm and a main emission peak at 390 nm with a shoulder at 295 nm. The effects of heavy 

metallic ions, including Cr(VI), Pb(II), and Cd(II), on the AHNSA-PPy UV-VIS absorption and fluores-

cence spectra were investigated. AHNSA-PPy fluorescence spectra were strongly quenched upon increas-

ing the Cr(VI), Pb(II) and Cd(II) concentrations. Linear Stern-Volmer relationships were established, and 

polynomial equations for Pb(II) and Cd(II) were obeyed, indicating the existence of a AHNSA-PPy dy-

namic fluorescence quenching mechanism for Cr(VI) and a combination of dynamic and static fluores-

cence quenching for Pb(II) and Cd(II). The AHNSA-PPy sensor showed high sensitivity for fluorescence 

detection of the three heavy metallic ions, with very low limits of detection (3σ) of 1.4 nM for Cr(VI), 2.7 
nM for Cd(II) and 2.6 nM for Pb(II). Therefore, this very sensitive quenching fluorimetric sensor is pro-

posed for the detection of trace, toxic heavy metallic ions in the environment. 

 

Keywords: 4-amino-3-hydroxynaphthalene-1-sulfonic acid-doped polypyrrole (AHNSA-P Py);  

Cr(VI), Pb(II) and Cd(II); fluorescence sensor; quenching fluorimetric method 

 

 
ВИСОКО СЕНЗИТИВНА ДЕТЕКЦИЈА НА ЈОНИ НА Cr(VI), Pb(II), И Cd(II) СО НОВ 

ФЛУОРЕСЦЕНТЕН СЕНЗОР ЗАСНОВАН НА 4-АМИНО-3-ХИДРОКСИНАФТЕЛЕН  

СУЛФОНСКА КИСЕЛИНА СО ПРИМЕСА НА ПОЛИПИРОЛ 

 
Беше применета нова електросинтетизирана флуоресцентна 4-амино-3-хидроксинафтален-

1-сулфонска киселина со примеси на полипирол (AHNSA-PPy) за детекција на тешките метални 

јони на Cr(VI), Pb(II) и Cd(II). Оптичките својства на AHNSA-PPy беа испитани со UV-VIS 

апсорпциона и флуоресцентна спектрометрија во раствори разредени со DMSO. UV-VIS спектарот 

покажува главна лента на 260 nm, умерена лента на 240 nm и преслап на 285, 295, 320 и 360 nm, 

додека флуоресцентниот спектар покажува ексцитациски пик на 330 nm и главен емисионен пик 

на 390 nm со преслап на 295 nm. Со UV-VIS апсорпциони и флуоресцентни спектри беа испитани 

ефектите на металните јони, вклучувајќи ги Cr(VI), Pb(II) и Cd(II), врз AHNSA-PPy. 

Флуоресцентните спектри на AHNSA-PPy се придушуваат со зголемување на концентрациите на 
Cr(VI), Pb(II) и Cd(II). Беа утврдени линеарни зависности од типот Stern-Volmer, додека Pb(II) и 

Cd(II) се покоруваат на полиномни равенки, што укажува на постоење динамично флуоресцентно 
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придушување на AHNSA-PPy за Cr(VI) и комбинација на динамично и статично флуоресцентно 

придушување за Pb(II) и Cd(II). Сензорот AHNSA-PPy покажува висока сензитивност за 

флуоресцентна детекција на овие три вида тешки метални јони, со многу низок праг на детекција 

(3σ) од 1,4 nM за Cr(VI), 2,7 nM за Cd(II) и 2,6 nM за Pb(II). Од овие причини овој многу осетлив 

сензор се предлага за детекција на трагови на токсични тешки метални јони во животната средина.  

 

Клучни зборови: 4-амино-3-хидроксинафтален-1-сулфонска киселина со примеса на полипирол 

(AHNSA-P Py); Cr(VI), Pb(II) и Cd(II); флуоресцентен сензор; флуориметриски метод на 

придушување 

 

 
1. INTRODUCTION 

 

The development of chemical sensors for 

heavy metal ions has attracted increasing interest 
because of the toxic effects of these pollutants on 

human health and the environment [1, 2]. Even at 

very low concentrations, these heavy metals are ex-

tremely toxic and often resist conventional treat-
ments. They, therefore, degrade the quality of drink-

ing water resources and cause serious illnesses. In 

fact, numerous studies have shown the presence of 
these contaminants in marine waters and ecosystems 

and their impact on aquatic environments [3–7]. 

Generally, chromium, cadmium and lead are con-
sidered the most dangerous heavy metals. 

For example, chromium can cause brain de-

velopment disorders in children, leading to psycho-

logical disturbances and learning difficulties. It can 
easily enter human cells; can provoke severe dam-

age to the liver, kidneys and other organs; and is 

highly carcinogenic [8–10]. Chronic intoxication 
by chromium produces skin lesions and mucous, as 

well as breathing difficulties and even bron-

chopulmonary cancers. The most common chromi-

um oxidation states are trivalent Cr(III) and hexa-
valent Cr(VI), with Cr(VI) being 1000 times more 

toxic than Cr(III) [11, 12]. 

Lead can decrease human fertility and lead 
to neurological, cardiovascular and gastrointestinal 

disorders. Also, it can increase the mortality of 

fetuses, often from spontaneous abortion. In chil-
dren, lead can cause nervous system disorders, 

anemia, behavioral problems, kidney problems, 

hearing loss and lower intelligence quotients. In 

addition, this metal has mutagenic and carcinogen-
ic properties [13–15] and is highly ecotoxic [16]. 

Cadmium can yield kidney problems and in-

crease blood pressure [17]. Moreover, its inhala-
tion is very dangerous and can even be lethal be-

cause it enters human cells and accumulates in 

high concentrations in the cytoplasmic and nuclear 
spaces [18, 19]. Also, it is very toxic, even at low 

doses, for many animal and plant species, aquatic 

and terrestrial [20]. Therefore, highly sensitive flu-

orescent sensors have been developed for the effi-
cient detection and recognition of toxic heavy me-

tallic ions, such as Hg(II), Zn(II), Al(III), and 

Cr(VI), in order to determine the level of metallic 
pollution of natural waters [21–23].  

Conjugated polymers (CPs) are interesting 

materials with important photophysical properties 

related to their structure, which can lead to a num-
ber of applications in optoelectronics and biosen-

sors [24–26]. For example, Kim [24] has shown 

intermolecular and intramolecular effects on the 
photophysical properties of CPs. Scheblykin et al. 

[25] have studied the photophysics and excited 

state dynamics of CPs, and Cabarcos et al. [26] 
have characterized photoluminescence quenching 

of mixed water-soluble CPs by oxygen and poly-

mers, evaluating their potential usefulness as bio-

sensor materials. Also, the fluorescence quenching 
of two coumarin-3-carboxylic acids by trivalent 

lanthanide ions has been investigated by Cisse et 

al. [27].  
Conductive organic polymers (COPs) have 

been rarely applied as fluorescent sensors to de-

termine low concentrations of heavy metals in so-

lution [26, 28–30] In most cases, the determination 
of heavy metals was based on increased fluores-

cence quenching of COPs with heavy metal ion 

concentration, produced by interactions between 
the two components. Depending on the type of 

COP-heavy metal interaction, two main fluores-

cence quenching mechanisms were found: dynam-
ic, resulting from collisions between a fluorescent 

COP and heavy metal ions, or static, due to the 

formation of a non-fluorescent complex between 

the polymer and metallic ions. 
In order to evaluate traces of heavy metals in 

solution, several authors have utilized quenching 

of COP fluorescence intensity (IF) when heavy 
metal concentration was progressively increased. 

For instance, Maiti et al. [31] investigated the evo-

lution of poly(thiophene-3-yl-acetic acid 8-
quinolinyl ester) fluorescence intensity upon add-

ing low concentrations of metal ions, such as alu-

minum, cadmium, zinc, copper and lead, and ob-
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served dynamic fluorescence quenching. They ob-

tained linear Stern-Volmer relationships, with 

Stern-Volmer constants of 2.3 × 103–7 × 104 M−1 

[31]. In another study, Holt et al. [32] chemically 
synthesized and grafted thin films of polythiophene 

(PT) and poly-3-hexylthiophene (P3HT) onto opti-

cally transparent substrates. These films formed 
complexes with traces of ferric chloride and iodine, 

resulting into static fluorescence quenching, indi-

cated by downward curved Stern-Volmer plots 
[32]. Also, Xing et al. [33] synthesized a new se-

ries of water-soluble cationic polyfluorene copol-

ymers containing 2,2ʹ-bipyridyl-phenylene-vi-

nylene moieties (PFP-P2), which were used as a 
sensitive fluorescent probe to detect Cu(II) ions in 

aqueous medium. Upon adding Cu(II) ions, the 

strong fluorescence of PFP-P2 was efficiently 
quenched, leading to a non-linear Stern-Volmer 

relationship [33]. Very recently, our group devel-

oped a new fluorescent sensor based on the fluo-

rescence quenching of benzene sulfonic acid-

doped polypyrrole films for extremely sensitive 

detection of Cu(II) and Pb(II) ions [34]. 

Considering these literature results, we in-

vestigated the UV-VIS absorption and fluorescence 

spectral properties, in DMSO, of a novel 4-amino-3-

hydroxynaphthalene-1-sulfonic acid-doped polypyr-

role (AHNSA-PPy) film, previously electrosynthe-

sized and characterized by us (Scheme 1) [35]. 

Then, we proposed several quantitative treatments 

of AHNSA-PPy fluorescence quenching by three 

heavy metallic ions, Cr(VI), Pb(II) and Cd(II), 

chosen among the most toxic and most used heavy 

metals, in order to demonstrate the usefulness of 

our approach. Finally, we developed a simple, reli-

able, rapid, and sensitive fluorescent sensor based 

on AHNSA-PPy for the determination of Cr(VI), 

Pb(II) and Cd(II) ion concentrations by a quench-

ing spectrofluorimetric method.  
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Scheme 1. Molecular structures of AHNSA and AHNSA-PPy 
 

 

 

2. EXPERIMENTAL 
 

2.1. Chemicals 
 

Pyrrole (Py, 99 %), 4-amino-3-hydroxynaph-

thalene-1-sulfonic acid (AHNSA), sodium hydroxide 
(NaOH), dimethylsulfoxide (DMSO), dimethyl 

formamide (DMF), potassium dichromate (K2Cr2O7), 

cadmium sulfate (CdSO4) and lead nitrate 
[Pb(NO3)2] were obtained from Sigma-Aldrich and 

used as received. 

 
2.2. Electrochemical measurements 

 

For the electrosynthesis of AHNSA-PPy 

films [35], electrochemical measurements were 

carried out in a single compartment, three-
electrode cell at room temperature, using an EG & 

G Princeton Applied Research PAR 362 model 

potentiostat/galvanostat, equipped with a Kipp & 
Zonen X-Y recorder. A steel plate was used as the 

working electrode, while a stainless-steel grid and 

saturated calomel electrode (SCE) were employed, 
respectively, as counter and reference electrodes. 

XPS analysis of the polymer led to an AHNSA 

doping percentage of 28.8% in the electrosynthe-

sized AHNSA-PPy films. 
 

2.3. Spectral measurements 
 

UV-VIS absorption spectra of AHNSA-PPy 
were determined on a Perkin-Elmer Lambda 2 UV-

VIS absorption spectrophotometer at room tempera-

ture in DMSO and DMF solutions. The uncorrected 

excitation and emission fluorescence spectra were 
recorded with a Kontron SFM-25 spectrofluorimeter, 

interfaced with a microcomputer, at room tempera-

ture in DMSO solution, using slit widths of 10 nm. 
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2.4. Analytical procedure for the determination  

of heavy metal ions 
 

An AHNSA-PPy/DMSO solution (3.4 × 10–5 

r.u. (repeat unit) l–1) was prepared and utilized for 

the determination of Cr(VI), Pb(II) and Cd(II) ions. 

Microvolumes (20 μl) of aqueous solutions contain-

ing increasing Cr(VI), Pb(II) or Cd(II) concentra-

tions between 0 and 100 μM were added to a con-

stant volume (2 ml) of the AHNSA-PPy/DMSO 

solution. Then, the evolution of the UV-VIS ab-

sorption spectra or of the fluorescence emission 

spectra of AHNSA-PPy was monitored at different 

Cr(VI), Pb(II) or Cd(II) concentrations. 

The AHNSA-PPy (10–5 r.u. l–1) fluorescence 

emission spectra (λex = 330 nm) in DMSO, ob-

tained at different Cr(VI), Pb(II) or Cd(II) concen-

trations, were recorded, and the maximum emis-

sion fluorescence intensity values were plotted 

against the Cr(VI), Pb(II) or Cd(II) concentrations 

from 0 to 31.2 μM. Several quantitative treatments 

were used to determine the type of AHNSA-PPy 

fluorescence quenching. 

For example, in the case of lead, we solubil-

ized 0.4 mg of Pb(NO3)2 in 5 ml of DMSO, corre-

sponding to solution concentration of 2.10–4 M 

Pb(II). Then, we collected, respectively, 6, 10, 200 

and 500 μl of this solution, which were introduced 

into 3 ml of AHNSA-PPy solution, giving Pb(II) 

concentrations of 0.4, 0.67, 12.5 and 31.2 μM, re-

spectively.  

 
2.5. Quantitative treatments of AHNSA-PPy  

fluorescence quenching 

 

In order to elucidate the nature of the fluo-

rescence quenching mechanism(s) (i.e. dynamic 

and/or static interactions), several equations were 

proposed for studying the concentration effects of 

Cr(VI), Pb(II), or Cd(II) ions on the AHNSA-PPy 

fluorescence intensity. Therefore, an increase in 

the I0/I ratio (fluorescence intensity in the absence 

of quencher/fluorescence intensity in the presence 

of quencher) with quencher concentration gives 

information on the association between the poly-

mer and quencher in solution. This association can 

generally occur either by 1) collisions between the 

quencher molecules and the fluorescent polymer 

(dynamic fluorescence quenching), 2) by formation 

of a ground-state, non-fluorescent complex be-

tween the polymer and quencher (static fluores-

cence quenching), or 3) by a combination of both 

fluorescence quenching mechanisms. 

In the case of a completely dynamic quench-

ing mechanism, a linear, classical Stern-Volmer 

relation was observed [26]:  

 
I0/I = 1 + KSV[Q],                          (1) 

 

where I0 is the AHNSA-PPy fluorescence intensity 
in the absence of quencher, I is the AHNSA-PPy 

fluorescence intensity in the presence of quencher, 

KSV is the Stern-Volmer constant (in l M–1), and 
[Q] is the quencher [Cr(VI), Pb(II) or Cd(II)] con-

centration. 

In the case of a purely static quenching 

mechanism [26, 27], the experimental results gen-
erally obeyed the Perrin equation:  

 

]Q[log 0
Aq NV

I

I









 = KS [Q]           (2) 

 
where Vq is the volume surrounding the fluoro-

phore, NA is Avogadro’s number, and KS is the stat-

ic quenching constant (Ks = Vq NA).  

When the dynamic and static quenching 
mechanisms occurred simultaneously, the Stern-

Volmer and Perrin plots were not linear. A poly-

nomial equation was observed when static quench-
ing was characterized by the formation of a non-

fluorescent 1:1 complex [27]: 

 
I0/I = (1 + KSV [Q]) (1 + KS [Q]) = 1 + 

(KSV + Ks) [Q] + KSV Ks [Q]2,         (3) 

 

where KSV and KS are the dynamic quenching and 
static quenching constants, respectively. When I0/I 

was plotted against [Q], an upward curvature was 

observed. It was possible to calculate the KSV + KS 

values using the fit of the curve and equation (3). 

The limit of detection (LOD) was calculated 

by plotting the calibration curve ΔI = I0−I = f([Q]) 

for each heavy metallic ion and applying the fol-
lowing equation: 

 

LOD = 3 σ/k, 
 

where σ is the standard deviation of blank meas-

urements, and k is the slope of the linear fit in the 
fluorescence titration.  

 

3. RESULTS AND DISCUSSION 

 
3.1. UV-VIS absorption spectral study 

 

We recorded the UV-VIS absorption spec-
trum of a DMSO solution of 3.4 × 10–5 r.u. l–1 
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AHNSA-PPy (oxidized polymer film, obtained by 

CV with five cycles) at room temperature (Fig. 1). 

This AHNSA-PPy UV-VIS spectrum exhibited a 

weak band around 240 nm (log ɛ = 3.92), a very 
intense band at 260 nm (log ɛ = 4.43), and weak 

shoulders at 285 nm (log ɛ = 4.01), 295 nm (log ɛ = 

4.02), 320 nm (log ɛ = 4.01) and 360 nm (log ɛ = 
4.03); (Fig. 1). 

Upon comparing this AHNSA-PPy UV-VIS 

spectrum in DMSO with the one previously ob-
tained in DMF [35], we found the absorption spec-

tra in both solvents were similar. Therefore, we 

were able to attribute the short wavelength absorp-

tion bands at 240 and 260 nm, observed in DMSO, 

to π-π* electronic transitions of the Py ring in the 

AHNSA-PPy conjugated heteroaromatic system. 

Moderate blue shifts of, respectively, 15 and 25 nm 

occurred for these bands in DMSO relative to those 
in DMF [255 (log ɛ = 3.94) and 285 nm (log ɛ = 

4.10)], which might be due to differences in polari-

ty of the two solvents. The weak long wavelength 
shoulders, appearing at 285, 295, 320 and 360 nm, 

which were blue-shifted relative to DMF, probably 

corresponded to less intense electronic n-π* transi-
tions of the naphthalene SO3H and NH2 substitu-

ents, confirming the insertion of AHNSA between 

the PPy chains [35]. 

 

 
 

Fig. 1. UV-VIS absorption spectrum of AHNSA-PPy (3.4 × 10–5 r.u. l–1) in DMSO at room temperature 

 
3.2. Fluorescence spectral study 

 

The fluorescence excitation and emission 

spectra of AHNSA and AHNSA-PPy (polymer 

oxidized film obtained by CV with five cycles) 
were recorded in dilute DMSO solutions at room 

temperature (Table 1 and Fig. 2). 

The fluorescence excitation spectrum of 

AHNSA exhibited one main, wide band, with a 
peak around 345 nm and a shoulder at about 300 

nm, whereas the emission spectrum possessed only 

one peak at 435 nm (Table 1 and Fig. 2). The fluo-
rescence excitation spectrum of AHNSA-PPy also 

displayed a main band, appearing at 330 nm, and a 

shoulder around 295 nm, whereas the emission 
spectrum possessed only one band at 390 nm (Table 

1 and Fig. 2). We observed notable blue shifts for 

the excitation (Δλex = –15 nm) and emission (Δλem = 

–45 nm) spectra when going from AHNSA (mono-
mer) to AHNSA-PPy (polymer). These results indi-

cated the existence of significant intermolecular 

interactions between AHNSA, under the amphoteric 

salt form, and the PPy chain and confirmed that the 

AHNSA naphthalenic group was not involved in the 
electropolymerization process but was simply in-

serted between the polypyrrolic chains. For 

AHNSA, as well as for the AHNSA-PPy polymer, 
the excitation maxima occurred at wavelength val-

ues relatively close to the UV-VIS absorption spec-

tra, suggesting that the fluorescent species were also 

responsible for the absorption (Table 1). 
The AHNSA-PPy polymer fluorescence ex-

citation and emission spectra in DMF [35] and 

DMSO diluted solutions (Figs. 2A and 2B) pre-
sented very similar features in both solvents, with 

moderate shifts of about 5 to 15 nm. However, the 

bands were sharper with higher fluorescence inten-
sities, and more pronounced band distortion was 

observed in DMSO than in DMF, which might be 

attributed to solvent polarity effects. 
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                          T a b l e  1  
 

Fluorescence excitation and emission spectra  

of AHNSA and AHNSA-PPy polymer in DMF and DMSO.a 

 

Compound  Solvent λex  (nm) λem   (nm) 

AHNSA  DMFb 300c 345 430 

AHNSA    DMSO 300 c 345 435 

AHNSA-PPy  DMFb 290c 335 406 

AHNSA-PPy    DMSO 295 c 330 390 

   a Concentrations: AHNSA-PPy = 10–6 r.u. l–1; AHNSA = 10–6 M in DMF and DMSO.  
   b From Ref. [35]. c Shoulder. 

 

      
 

Fig. 2. Fluorescence excitation and emission spectra of an AHNSA-PPy film in:  
A) DMF (3.4 × 10–5 r.u.l–1) [35] and B) DMSO (10–5 r.u. l–1) at room temperature. 

 

 

3.3. Effects of heavy metallic ions  
on the optical properties of AHNSA-PPy 

 

3.3.1. Effects of heavy metallic ions on the 

AHNSA-PPy UV-VIS absorption spectra 
 

We followed the evolution of the AHNSA-

PPy UV-VIS absorption spectra in DMSO solution 

at room temperature in the presence of increasing 

concentrations of heavy metallic ions, including 

Cr(VI), Pb(II), and Cd(II), from 0 to 100 μM (Figs. 

3A–3C). The analysis of these AHNSA-PPy absorp-

tion spectra showed an important decrease in the 

intensity of the Py bands appearing at about 240 and 

260 nm, as well as those due to the naphthalene 

SO3H, OH, and NH2 substituents, located at approx-

imately 285, 295, 320, and 360 nm (except in the 

case of chromium). In all cases, the Py absorption 

bands, observed at 240 and 260 nm, gradually de-

creased with increases in the heavy metal ion con-

centration. All these band changes, due to the pres-

ence of heavy metal ions, suggested that these ions 

were linked with the Py units, leading to the for-

mation of non-absorbing complexes between the 

AHNSA-PPy polymer and heavy metal ions. 

Moreover, the ANHSA moiety absorption 
bands, located at 320 and 360 nm, also underwent a 
progressive and relatively small decrease with in-
creases in the Pb(II) and Cd(II) concentrations from 
0 to 100 μM. This AHNSA moiety absorbance de-
crease, observed in the presence of Pb(II) and 
Cd(II), could also be attributed to the formation of 
non-absorbing complexes, involving the fixation of 
these heavy metal ions on the SO3H, OH, and/or 
NH2 naphthalenic substituents. However, in contrast 
with Pb(II) and Cd(II) ions, Cr(VI) ions yielded an 
apparent increase of the AHNSA moiety absorption 
bands at wavelengths larger than about 360 nm, 
which might be explained by a partial overlap of the 
chromium main absorption band, located at about 
350 nm, and of the bands of AHNSA SO3H, OH, 
and/or NH2 substituents. 

We also compared the decrease of the 

AHNSA-PPy absorption maximum, located at 260 
nm, upon increasing the heavy metal ion concentra-

tion from 0 to 100 μM. This study revealed an ab-

sorbance decrease of about 73 % for chromium, 66 
% for lead and 64.5 % for cadmium.  

The slightly greater AHNSA-PPy absorb-

ance decrease in the presence of chromium sug-

gested slightly better sensitivity of AHNSA-PPy 
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towards chromium than towards the other metals. 

However, since the AHNSA-PPy UV-VIS spectra 

were not extremely sensitive to the variation of 

heavy metal ion concentrations, we investigated 

the effect of these ions on the AHNSA-PPy fluo-

rescence spectra. 
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Fig. 3. Effect of (A) Cr(VI), (B) Pb(II) and (C) Cd(II) ion concentrations on the AHNSA-PPy UV-VIS  
absorption spectra (3.4 × 10–5 r.u. l–1 ) in DMSO.Heavy metallic ion concentrations: a) 0, b) 10, c) 20, d) 60 and e) 100 µM. 
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3.3.2. Effect of heavy metal ions 

on the AHNSA-PPy fluorescence spectra 

 

We studied the effects of increasing concen-
trations of heavy metal ions, including Cr(VI), 

Pb(II), and Cd(II), from 0 to 31.2 μM on the 

AHNSA-PPy fluorescence excitation and emission 
spectra in diluted DMSO solutions at room tem-

perature (Figs. 4A–4C). In all cases, we did not 

observe any significant change in the shape of 

wavelength of the polymer excitation and emission 

fluorescence spectra with increasing heavy metal 

ion concentration. However, we noted a sharp de-
crease in the intensity of the fluorescence excita-

tion peaks at about 295 and 330 nm and emission 

maximum around 390 nm when the heavy metallic 
ion concentration (Cr(VI), Pb(II) or Cd(II)) in-

creased from 0 to 31.2 μM (Figs. 4A–C). 
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Fig. 4. Effect of A) Cr(VI), B) Pb(II, and C) Cd(II) ion concentrations on AHNSA-PPy fluorescence excitation 
and emission spectra in DMSO. Heavy metallic ion concentrations: a) 0, b) 0.4, c) 0.64, d) 12.5 and e) 31.2 μM. 
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This fluorescence quenching of AHNSA-

PPy was attributed to interactions of the metal ions 

with the polymer and was much more pronounced 

for Cr(VI) than for Pb(II) and Cd(II). This greater 
fluorescence quenching in the case of hexavalent 

chromium was consistent with the fact that the 

amount of Cr(VI) adsorbed per gram of AHNSA-
PPy was much greater (maximum adsorption ca-

pacity = 224 mg of Cr(VI)/g of polymer) [35] than 

the amounts of Pb(II) and Cd(II) adsorbed per 
gram of the same polymer (maximum adsorption 

capacity = 64 mg of Pb(II) and 50 mg of Cd(II)/g 

of polymer) [36]. 

We investigated the fluorescence quenching 
behavior of AHNSA-PPy with increasing concen-

trations of Cr(VI), Pb(II) and Cd(II) ions in 

DMSO. In order to elucidate the nature of this flu-
orescence quenching, we applied different mathe-

matical treatments, including the Stern-Volmer 

equation (1), Perrin equation (2), and polynomial 
equation (3), to our fluorescence quenching results 

of AHNSA-PPy for the three heavy metal ions un-

der study (Table 2). 

Linear Stern-Volmer relationships were es-
tablished for all heavy metallic ions under study 

with a good precision, but polynomial equations 

were also obeyed. Indeed, the correlation coeffi-
cient (r) values were satisfactory for both equa-

tions. In contrast, the Perrin equation was generally 

less correctly established, with smaller r values. 

The detailed analysis of Stern-Volmer 
graphs, I0/I = f([Q]), showed the existence of two 

distinct types of curves, according to the nature of 

the heavy metallic ion (Figs. 5 A–C and Table 2). 
For Cr(VI), a strictly linear Stern-Volmer curve 

was obtained with a r value of 0.995 (Fig. 5A), 

indicating the dynamic fluorescence quenching of 
AHNSA-PPy by this metallic ion. In contrast, in 

the case of Pb(II) and Cd(II), partially linear Stern-

Volmer curves were established (r = 0.989 and 

0.985, respectively), with two linear domains 
(Figs. 5B and 5C), suggesting the existence of a 

more complicated fluorescence quenching mecha-

nism, implying a combination of AHNSA-PPy dy-
namic and static fluorescence quenching. The dif-

ference of linear behavior of the Stern-Volmer 

curves observed for Cr(VI), on one hand, and for 
Cd(II) and Pb(II), on the other hand, might also be 

attributed to the fact that, unlike to Cd2+ and Pb2+, 

hexavalent chromium is an anionic form. Indeed, 

in the case of Cr(VI), we used the dichromate ion, 
which should be attached to the positive site of the 

AHNSA-PPy zwitterionic form, whereas Cd(II) 

and Pb(II) ions should be fixed to the AHNSA-PPy 
zwitterionic form negative site. 

0 2 4 6 8 10 12 14

0

1

2

3

4

5

6

7

8

Cr2O
2-

7
 /µM

F
lu

o
re

sc
en

ce
 i

n
te

n
si

ty
 r

a
ti

o
 [

I 0
/I

] 

A

 
 

0 2 4 6 8 10 12 14

1,0

1,5

2,0

2,5

3,0

3,5

F
lu

o
r
e
sc

e
n

c
e
 i

n
te

n
si

ty
 r

a
ti

o
 [

I 0
/I

] 

 Pb
2+

 

B

 
 

0 2 4 6 8 10 12 14

0,8

1,0

1,2

1,4

1,6

1,8

2,0

2,2

2,4

2,6

2,8

3,0

F
lu

o
re

sc
en

ce
 i

n
te

n
si

ty
 r

a
ti

o
 [

I 0
/I

] 

Cd
2+

 /µM

C

 
 

Fig. 5. Stern-Volmer plots of AHNSA-PPy fluorescence  
intensity ratios [Io/I] (λem= 390 nm) in DMSO vs. metal ion 

concentration in μM: A) Cr2 O7
2–, B) Pb2+ and C) Cd2+. 

 
Similar Stern-Volmer relationships have 

been reported in other works concerning the fluo-
rescence quenching of substituted coumarins by 

trivalent lanthanide ions and merocyanine 540 by 
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biomedically-important salts [27, 37]. Moreover, 

the polynomial equations displayed r values very 

close to unity, ranging from 0.992 to 0.999, ac-

cording to the heavy metallic ion, while the Perrin 
equations exhibited smaller r values, between 

0.952 and 0.962, indicating that these equations 

were less well fitted. 
The Stern-Volmer constant (KSV) values of 

AHNSA-PPy were rather high, 1.26 × 105, 1.70 × 

105 and 5.02 × 105 M–1, respectively, for Cd(II), 
Pb(II), and Cr(VI). They were much greater than 

the corresponding static quenching constant (KS) 

values of the Perrin equation, which were 0.32 × 

105, 0.38 × 105 and 0.66 × 105 M−1 for Cd(II), 
Pb(II) and Cr(VI), respectively (Table 2). The (KSV 

+ KS) values of the polynomial equations were 0.90 

× 105, 1.94 × 105 and 5.78 × 105 M–1, respectively, 

for Cd(II), Pb(II) and Cr(VI) (Table 2). The larger 

KSV values compared to the KS ones indicated the 
AHNSA-PPy fluorescence dynamic quenching 

mechanism was more important than the static one, 

in the case of the three quenchers under study. The 
observed contribution of a static quenching fluo-

rescence mechanism might be explained by the 

ground-state formation of non-fluorescent com-
plexes between the Pb(II), Cd(II), or Cr(VI) ions 

and AHNSA-PPy polymer on one or several active 

site(s) of the naphthalenic SO3H, OH and NH2 sub-

stituents. 

 
    T a b l e  2  

 

Quantitative treatments of AHNSA-PPy fluorescence quenching effects  
by Cr(VI), Pb(II) and Cd(II) metal ions 

 

Ions  Type of quenching Regression equation a, b, c Nd re 

Cr(VI)  

Dynamic I0/I = 1.20 (± 0.17) + 5.02 (± 0.27) 105 [Q] 5 0.995 

Static log (I0/I) = 0.11 (± 0.06) + 0.66 (± 0.11) 105 [Q] 5 0.952 

Dynamic + static I0/I = 1.15 (± 0.21) + 5.78 (± 0.29) 105 [Q] – 6.35 (± 1.04) 109 [Q]2 5 0.992 

Pb(II) 

Dynamic I0/I = 1.13 (± 0.09) + 1.70 (± 0.14) 105 [Q] 5 0.989 

Static log(I0/I) = 0.06 (± 0.01) + 0.38 (± 0.06) 105 [Q] 5 0.962 

Dynamic + static I0/I = 1.00 (± 0.11) + 1.94 (± 0.69) 105 [Q] +1.97 (± 0.56) 109 [Q]2 4 0.999 

Cd(II) 

Dynamic  I0/I = 1.14 (± 0.08) + 1.26 (± 0.12) 105 [Q] 5 0.985 

Static log (I0/I) = 0.06 (± 0.01 ) + 0.32 (± 0.05) 105 [Q]  5 0.956 

Dynamic + static I0/I = 1 (± 0.09) + 9.03 (± 0.02) 104 [Q] + 7.12 (± 0.42) 1011 [Q]2 4 0.999 

       a Stern-Volmer equation: I0/I = 1 + Ksv[Q]. b Perrin equation: log(I0/I) = Ks[Q].  
         c Polynomial equation: I0/I = 1 + (Ksv+Ks)[Q] + KsvKs[Q]2. d N = number of data. e r = correlation coefficient.  

 
3.3.3. Evaluation of AHNSA-PPy as a quenching 

fluorimetric sensor for Cr(VI), Pb(II)  

and Cd(II) ions 

 
Using the above-obtained Stern-Volmer re-

lationships, we developed and evaluated a quench-

ing fluorimetric sensor based on AHNSA-PPy flu-

orescence quenching for the determination of 
Cr(VI), Pb(II), and Cd(II) ions. We constructed 

calibration curves of ΔI = (I0−I) vs. heavy metallic 

ion concentration, which showed an increase of ΔI 
with the metal ion concentration. These calibration 

curves were linear in the heavy metal ion concen-

tration range under study, with the linear portion of 
the curves observed from 4 × 10–7 to 12.5 × 10–7 M. 

In the case of chromium, the equation of the 

calibration curve was ΔI = –7.84 + 128.7 × [Cr(VI)] 

with r = 0.995. Utilizing a signal-to-noise ratio of 
three (3σ-IUPAC definition), we calculated a very 

low LOD of 1.4 nM for Cr(VI). As seen in Table 3, 
this LOD value was much lower than those of 0.36 

μM found by Zhang et al. [23] with a 1,8-

naphthalimide-based turn-on fluorescent sensor 
and 74.9 nM, obtained by Afshani et al. [38], using 

a fluorescent sensor based on a newly synthesized 

iminocrown ether. 

For lead, the calibration curve equation was 

ΔI = –2.77 + 70.2 [Pb(II)] with r = 0.987. We also 

calculated a very low LOD of 2.6 nM. This LOD 

value was much smaller than the 4 μg/l (19.3 nM) 

found by Metivier et al. [39] with a fluorescent 

sensor using calixarene-based fluoroionophores 

bearing two or four dansyl fluorophores. Also, our 

LOD value was about 240 times smaller than the 

value of 630 nM obtained by Das et al. [40] using 

a highly selective fluorescent Pb(II) probe based 

on salicylaldehyde phenylhydrazone (Table 3). 
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In the case of cadmium, the calibration 
curve equation was ΔI = –1.92 + 72.5 [Cd(II)] with 
r = 0.982. We obtained a LOD of 2.6 nM. This 
value was lower than that of 5 nM calculated by 
Charles et al. [41], utilizing an approach based on 
the fluorescence enhancement of an anthryl-
azamacrocycle derivative when chelated to cadmi-
um. Our LOD value was also much smaller than 
that of 886 µM obtained by Kaya et al. [42] using 

a highly selective fluorescent sensor for Cd(II) 
based on poly(azomethine-urethane) (Table 3). 

Finally, all our LOD values for Cr(VI)and 

Cd(II) ions were well below the maximum contam-

inant levels of 0.1 mg/l for chromium and 0.005 

mg/l for cadmium, set by the United States Envi-

ronmental Protection Agency (US-EPA) for drink-

ing waters [43, 44]. 

 
     T a b l e  3  
 

Recent literature in fluorescence sensing of metals 
 

Sensor  Metal LOD Reference 

1,8-Naphthalimide-based turn-on fluorescent sensor Cr(VI) 0.36 μM 23 

3,4:9,10:13,14-Tribenzo-1,12-diaza-5,8-dioxacyclotetradecane-1,11-diene 

(TBC) 
Cr(VI) 74.9 nM 38 

Calixarene-based fluoroionophores bearing two or four dansyl fluorophores Pb(II) 19.3 nM 39 

Salicylaldehyde phenyl-hydrazone fluorescent sensor Pb(II) 630 nM 40 

Anthrylazamacrocycles Cd(II) 5 nM   41 

Poly(azomethine-urethane) fluorescent sensor Cd(II) 886 µM 42 

Carbon dot nanohybrids (CD nanohybrids prepared from bamboo leaves) Pb(II) 0.14 nM 45 

Bi/g-C3N4 
Pb(II), 

Cd(II) 

17.5μg l−1 (156.2 nM)  
8.1 μg l−1 (39.1nM) 

46 

PPy-AHNSA 
Cr(VI), 

Pb(II), 
Cd(II) 

1.4 nM  
2.6 nM 
2.7 nM 

This work 

 
4. CONCLUSIONS 

 

In this work we investigated a new, electro-
synthesized AHNSA-PPy fluorescent sensor, able 

to detect very low concentrations of Cr(VI), Pb(II) 

and Cu(II) ions in aqueous solutions. Our UV-VIS 
absorption and fluorescence spectral study of 

AHNSA-PPy demonstrated the existence of signif-

icant intermolecular interactions between the PPy 
chains and AHNSA naphthalenic groups, which 

were simply inserted between the PPy chains. 

When immersed in Cr(VI), Pb(II) or Cu(II) solu-

tions, electrosynthesized AHNSA-PPy exhibited 
strong fluorescence quenching. Detailed analysis 

of the relationships based on the Stern-Volmer, 

Perrin, and polynomial equations showed that this 
AHNSA-PPy fluorescence quenching was essen-

tially dynamic in the case of Cr(VI) ions but sug-

gested the existence of a complex fluorescence 
quenching mechanism for Pb(II) and Cu(II) ions, 

implying a combination of dynamic and static fluo-

rescence quenching. We evaluated the usefulness 

of AHNSA-PPy as a very sensitive quenching flu-
orimetric sensor for determining exceedingly low 

concentrations of Cr(VI), Pb(II) and Cd(II) ions in 

the nM range. Therefore, AHNSA-PPy might be 

utilized for the detection of trace, toxic heavy met-

al ions in environmental samples. 
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