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Abstract 

In this study, non-conjugated polyvinylpyrrolidone(PVP) was investigated for the first time as the potential 

polymeric material to sense nitrate ions by fluorescence spectroscopy. The PVP was diluted into various 

concentrations (3-10%) and they were used to sense the nitrate ions in different concentrations (0.1-100 mM). The 

PVP showed two excitation peaks at 285 and 330 nm due to the presence of C=O and N-C groups, respectively. 

One strong emission at 400 or 408 nm was observed with the excitation at 285 or 330 nm. The higher value of 

quenching constant at excitation wavelength of 285 nm indicated that C=O site was more favored for NO3
-
 ions 

sensing than the N-C site. The PVP 7% gave the highest quenching constant; where the KSV value was 9.89 × 10
-3

 

mM
-1

 and 2.44 × 10
-3

 mM
-1

 for excitation at 285 and 330 nm, respectively. The sensing capability was evaluated in 

the presence of interference ions (SO4
2-

, HCO3
-
, Cl

-
, and OH

-
). It was observed that the interference ions interacted 

strongly with the C=O, but weakly with the N-C. Therefore, in the presence of the interference ions, the PVP would 

be a potential fluorescent sensor when it is excited at 330 nm. 
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Abstrak 

Dalam kajian ini, polivinilpirolidon (PVP) yang bersifat bukan konjugat dikaji untuk kali pertama sebagai bahan polimer yang 

berpotensi untuk mengesan ion nitrat dengan spektroskopi pendaflour. PVP dicairkan kepada kepekatan yang berlainan (3-10%) 

dan digunakan untuk mengesan ion nitrat dalam kepekatan yang berbeza (0.1-100 mM). PVP menunjukkan dua puncak 

pengujaan pada 285 and 330 nm dengan kewujudan C=O dan N-C masing-masing. Satu puncak pemancaran yang tinggi pada 

400 atau 408 nm diperolehi dengan pengujaan pada 285 atau 330 nm. Pemalar pelidap kejutan dengan nilai yang lebih tinggi 

pada puncak pengujaan 285 nm menunjukkan bahawa tapak C=O lebih cenderung untuk mengesan ion NO3
- daripada tapak N-C. 

PVP 7% memberi pemalar pelidap kejutan yang paling tinggi, dengan nilai KSV 9.89 × 10-3 mM-1 and 2.44 × 10-3 mM-1 untuk 

puncak pengujaan pada 285 dan 330 nm masing-masing. Kemampuan pengesanan dinilai dengan kehadiran ion gangguan (SO4
2-, 

HCO3
-, OH-, and Cl-). Hasil kajian menunjukkan bahawa ion gangguan berinteraksi kuat dengan C=O, tetapi lemah dengan N-C. 

Oleh itu, dengan kehadiran ion gangguan, PVP berpotensi menjadi pendafluor sensor pada tapak pengujaan 330 nm. 
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Introduction 

Polymer consisting of repeating units of monomers is highly explored in various fields, owing to its non-toxicity 

[1], simple fabrication methodology and low cost [2, 3], large surface-to-volume ratio [4] and easy modification [5]. 

The conjugated polymers have received particular attentions with their wide applications in batteries [6], organic 

light emitting diodes [2, 4, 7], and sensor [2, 4-6, 8-10], due to their unique metallic and semiconducting properties 

[4] as well as the fluorescence properties [4, 5, 11]. On the other hand, the non-conjugated polymers are less 

explored and still poorly understood. To date, the non-conjugated polyvinylpyrrolidone (PVP) is mostly used as a 

passivator or a capping agent for semiconductor such as ZnS or CdS, with the purpose to reduce the agglomeration 

and improve the optical property [12]. Some studies reported the application of the PVP as a sensor [14, 15]. Wang 

et al. reported that the PVP can be used as electrochemical sensor for acyclovir molecule [14], while Zhang et al. 

used PVP nanocomposite as a humidity sensor [16]. Since the PVP has been also reported to have 

photoluminescence property [15], it is worthy to study the possibility to use the non-conjugated PVP as the 

fluorescence sensor. To the best of our knowledge, there is no investigation on the application of the PVP as the 

fluorescence sensor. In this study, the PVP is used as the fluorescent sensor for detection of nitrate ions. 

 

The nitrate ions are usually found in fertilizer for agriculture purpose. When the fertilizer is used excessively, the 

excess nitrate ions in the environmental water system will lead to algae blooms and eutrophication phenomena [17-

19]. On the other hand, nitrate ions that are consumed into body may cause methemoglobinemia and the nitrate ions 

might become the source of carcinogenic n-nitrosamines [17, 20]. These are some of the reasons to monitor nitrate 

ions in the environment. Extensive studies have been explored to detect the nitrate ions using different techniques, 

such as ion chromatography [18], capillary electrophoresis [3, 20], electrochemical [3, 21-24], and fluorescence 

spectroscopy [17]. However, the detection limit and linear detection range of existing nitrate ion sensor are still not 

in satisfactory level [21], and this urges researchers to develop better nitrate sensors. 

 

In this study, the feasibility to develop PVP fluorescence sensor for nitrate ions was examined using different 

concentrations of PVP and nitrate ions. The favorable sites to interact with the nitrate ions were discussed based on 

the quenching phenomena. Besides, the selectivity of the PVP to the nitrate ions was evaluated in the presence of 

other interference ions such as SO4
2-

, HCO3
-
, Cl

-
, and OH

-
. 

 

Materials and Methods 

Materials 

The PVP solution (K 60, Aldrich, Mw ≈ 160000, 45% in water), sodium nitrate (NaNO3, Merck, 99.5%), sodium 

sulphate (Na2SO4, Fisher Scientific, > 99%), sodium hydrogen carbonate (NaHCO3, Fisher Scientific, 99%), sodium 

chloride (NaCl, Fisher Chemical, 100.1%), and sodium hydroxide (NaOH, QRëC, 99%) were used as-received 

without any treatments. 

 

Preparation of PVP 
A series of various concentrations of PVP was prepared from the PVP (K 60) by dilution method using deionized 

water. The prepared solution was shown as x% of PVP, where x showed the concentrations of the PVP (3, 5, 7, and 

10%). 

 

Fluorescence, quenching and selectivity test 
The fluorescence property and sensing capability of the PVP solutions for detection of nitrate ions were studied 

using a fluorescence spectroscopy (JASCO, FP-8500) at room temperature. The excitation spectra of the PVP 

solutions were monitored at emission wavelengths of 400 or 408 nm, while the emission spectra were monitored at 

the excitation wavelengths of 285 or 330 nm. For quenching test, the PVP solution was exposed to various 

concentrations of nitrate ions (0.1-100 mM) and the interaction between the emission sites and the nitrate ions was 

measured. The sensing capability of the PVP was evaluated in the presence of interference ions (SO4
2-

, HCO3
-
, Cl

-
, 

and OH
-
). The concentration for the nitrate ions and each interference ions was fixed at the concentration of 100 

mM. 
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Results and Discussion 

Fluorescence property of PVP 

The fluorescence property of the PVP solution was studied by investigating its excitation and emission sites. As 

shown in Figure 1, all the prepared PVP (3-10%) exhibited two excitation sites at 285 and 330 nm and one emission 

site at 400 or 408 nm when they were excited at 285 or 330 nm. The excitation at 285 nm would be attributed to the 

presence of C=O, while the excitation at 330 nm would be corresponded to the presence of N-C in the PVP, similar 

to the reported one [12]. It was clear that the excitation and emission intensity increased with the increase of the 

PVP concentrations. The increased intensities were reasonable since they indicated the increased amount of 

excitation and emission sites of the PVP with the increase of the concentrations. Figure 1 also showed that the 

intensity of N-C sites was higher than that of C=O sites, suggesting that the N-C sites would be the main excitation 

sites in the PVP and the N-C sites showed greater fluorescence quantum yield than the C=O site [25]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quenching tests 

In order to investigate the performance of the PVP to sense the nitrate ions, the interaction between emission sites 

and the nitrate ions were evaluated by quenching effect study. The quenching tests were evaluated by monitoring 

the changes in the emission intensity after addition of various concentrations of nitrate ions (0.1-100 mM). The 

emission spectra were monitored at two different excitation wavelengths, which were 285 nm and 330 nm. All the 

3-10% of PVP showed similar results to each other, in which the emission intensities of the PVP were quenched 

after addition of the nitrate ions. The results of the quenching tests for the 7% of PVP are shown in Figure 2. The 

decrease in the emission intensity increased with the increase of nitrate ions concentrations for both emission sites, 

which were C=O and N-C sites. Among the prepared PVP, the 7% of PVP showed the most quenched intensity, 

suggesting that the 7% of PVP showed the strongest interaction with the nitrate ions (not shown). 

 

As shown in Figure 2, quenching effects were observed on both C=O and N-C emission sites, suggesting that there 

were certain interactions between both the emission sites and the nitrate ions. Due to the difference of the charge 

between the emission sites and the nitrate ions, the most possible interactions between PVP and nitrate ions would 

be electrostatic interactions. Similar interactions have been proposed for the interactions between nitrates and 

polypyrrole [22], nitro-containing compounds with polymers [11, 26, 27]. In the presence of the same concentration 

of nitrate ions, especially at high concentrations, it was obviously observed that the C=O sites were more quenched 

than the N-C sites. This might be due to the reason that at each C=O can interact with more than one nitrate ions 

simultaneously and this can be more intense at higher concentration of nitrate ions. Moreover, a slight red shift in 
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Figure 1.  Excitation and emission spectra for 3, 5, 7 and 10% of PVP at (a) C=O and (b) N-C sensing sites 
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the emission peak wavelength at high concentration of nitrate ions were also observed, suggesting that there was 

loss of energy through vibrational relation or internal conversion phenomena when the PVP interacted with nitrate 

ions [25]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The interaction between the emission sites and nitrate ions can be evaluated by using the Stern-Volmer plot. When 

the illumination intensity and the amount of PVP are maintained to be constant, the relative emission intensity can 

be expressed as a function of the nitrate ions concentrations, according to the Stern-Volmer equation (Eq. 1), 

 

 

 

 

where Iₒ and I are fluorescence intensities obtained in the absence and presence of nitrate ions, respectively, Q is the 

concentration of nitrate ions, and Ksv is the Stern-Volmer quenching constant. 

 

Figure 3 shows the Stern-Volmer plots for the 7% of PVP. The plots were linear for both emission sites, suggesting 

that both C=O and N-C sites acted as the sensing sites for the nitrate ions. The slopes of the Stern-Volmer plots 

represented the quenching constant (KSV), which values were 9.89 × 10
-3

 mM
-1

 and 2.44 × 10
-3

 mM
-1

 for C=O and 

N-C sites, respectively. The higher value of the KSV for the C=O sites than that for the N-C sites indicated that the 

C= sites were more favorable to sense nitrate ions than the N-C sites. This might be due to the reasons that the C=O 

sites have higher polarity than the N-C sites, but with less steric hindrance effect. The higher KSV values obtained on 

the C=O sites can be observed as well on other PVP with various concentrations, as can be seen in Figure 4. It can 

be clearly shown that the KSV values increased with the PVP concentrations up to 7%, but decreased when the PVP 

concentration was 10%. This result clearly suggested that 7% of PVP was an optimum concentration to get the 

highest quenching efficiency. 

 

Selectivity Tests 

The sensing performance of 7% of PVP towards nitrate ions was evaluated with the co-existence of interference 

ions. The interference ions used in current study were SO4
2-

, HCO3
-
, Cl

-
 and OH

-
.The extent of interference was 

determined according to the equation below (Eq. 2): 
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 Figure 2.   Emission spectra of 7% PVP with the absence and presence of nitrate ions in the 5-100 mM range for 

C=O sites and N-C sites, monitored at excitation wavelength of (a) 285 nm and (b) 330 nm 
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                    (2) 

  

where Iₒ and I show the fluorescence emission intensity for the 7% of PVP with the presence of nitrate ions only and 

the presence of both nitrate and interference ions, respectively. The high value of the extent of interference 

suggested the high interference effect of the ions towards the performance of the 7% PVP for detection of the nitrate 

ions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4.  Stern-Volmer constants for nitrate ions detection on PVP with various concentrations for both C=O  and 

N-C sites 
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The extent of interference for each interference ion was shown in Figure 5. As for the C=O sites, the presence of 

SO4
2-

, HCO3
-
, Cl

-
, and OH

-
 ions gave extent of interferences, which values of 25, 12, 4, and 47%, respectively. This 

result suggested that the detection of nitrate ions by C=O sites were mostly influenced by OH
-
, followed by SO4

2-
, 

HCO3
-
, and Cl

-
 ions. The high interference effect from OH

-
 would be caused by the small size and polarity of OH

-
 

ions [27]. Therefore, the 7% of PVP would not be suitable to detect nitrate ions in the presence of OH
-
 ions. On the 

other hand, even though the co-existence of polyatom anions such as SO4
2-

 and HCO3
- 
resulted in lower effect than 

the OH
-
, the C=O sites competitively interacted with SO4

2-
 and HCO3

-
. Therefore, the sensing performance would 

be affected in the presence of these ions.  It is worthy noted that the C=O sites showed much less interaction with 

Cl
-
, suggesting that the C=O sites still could be used to detect the nitrate ions even in the presence of Cl

-
 ions. 

 
 

 

 

 

As for the N-C sites, the presence of SO4
2-

, HCO3
-
, Cl

-
, and OH

-
 ions gave extent of interferences, which values of 

2, 3, 3, and 32%, respectively. Similar to the C=O sensing sites, the N-C sites were found to be affected by the 

presence of OH
-
. Different from the C=O sites, the performance of the nitrate sensing on the N-C sites were not 

much influenced by SO4
2-

, HCO3
-
, or Cl

-
 ions. These results suggested that the N-C sensing sites still can selectively 

interact with nitrate ions in the presence of these interfering ions. 

 

Conclusion 

The PVP showed two excitation peaks at 285 and 330 nm and one emission peak at 400 or 408 nm when excited at 

285 and 330 nm. Among the prepared PVP, 7% of PVP showed the highest quenching constants toward the nitrate 

ions. The linear Stern-Volmer plot was observed, suggesting that the PVP can be used as a potential fluorescence 

sensor for nitrate ions. The C=O sites were found to show much stronger interactions with nitrate ions (four times 

higher) than the N-C sites, suggesting that the C=O sites were more favorable to sense the nitrate ions. The presence 

of interference ions were found to affect the fluorescence sensing of nitrate ions differently. As for C=O sites, it can 

still be used to sense nitrate ions in the presence of Cl
-
 ions. On the other hand, the N-C sites can selectively sense 

the nitrate ions in the presence of SO4
2-

, HCO3
-
, and Cl

-
 ions. 

 

 

 

Figure 5.  Extent of interferences of ions towards nitrate ions detection on 7% PVP 
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