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ABSTRACT

Dye doped polymer films which are sensitive to Fe (IIl) ions have been developed for using in the
aqueous medium. PVC films were obtained by spreading the cocktail mixture onto a mylar film used as
a supporting material. PMMA films were prepared with solvent casting method. Cation responses were
examined for two different polymer films. Emission bands were obtained at different concentrations of
Fe (111) ions. Because polymer films had the highest response to them. The calibration graphics were
plotted for emission values at different Fe (I11) concentrations. Besides, interference effects of Cr (I11)
and Fe (I1) ions to Fe (I11) ions were studied. Additionally, regeneration studies were carried out to
examine application properties of the dye doped polymer films developed as a sensor for Fe (I11) cations.
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1. INTRODUCTION

Determination of transition metal ions is an issue that must be taken into consideration because of their
potential effects on human health and environmental protection [1-3]. For this purpose, fluorescence
spectroscopy technique is widely used for a selective and sensitive sensor design. This technique is one
of the most powerful and widespread technologies used in life sciences, from basic research to clinical
applications [4-7]. It is also used in analytical applications because of its simplicity and sensitivity for
determination of trace amounts of metal ions [8-9].

Fluorescence dyes are used as solid state sensor materials when doped into a polymer matrix. These
materials’ portable, reusable, cheap and eco-friendly properties make them possible to detect metal ions
quickly and efficiently [10, 11]. Solid state fluorescence sensors provide instant and in-situ detection of
trace elements in aqueous environments compared to fluorescence probes prepared by dissolving in
solvent. These sensors are used in many applications such as organic light emitting diodes, non-linear
optic materials and analyses of anionic, cationic and neutral species [12-14].

Among transition metals, iron is one of the vital elements for human health. Iron, also used in industrial,
biological, environmental and medical applications, has +2 and +3 oxidation steps. Both Fe (11) and Fe
(111) ions take part in many important mechanisms in the biosphere as well as playing a key role in
metabolic reactions. Determination of Fe cations by using fluorescence technique is based on detection
of signal changes involved in interaction between a metal sensitive molecule (fluorophore) and Fe
cations [15].
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Due to their paramagnetic properties, Fe ions undergo non-radiative deactivation when they interact
with a fluorophore, resulting in the quenching of fluorescence intensity [16].

Although there are some studies to develop an iron sensor in the solvent environment, they show
limitations in dye-doped polymer films [17-20].

In this study, 4-((4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)diazenyl)-N,N-dimethylaniline (PA)
compound, which was synthesized by our group [21], was doped to PVC and PMMA polymer media.
Cation responses of these dye doped polymer films were investigated and these films displayed selective
and sensitive responses to Fe (I11) ions. It is thought that determination of certain concentration of Fe
(1) ions with using PA doped polymer films in wastewater or biological medium can be performed
accurately and sensitively.

2. MATERIALS AND METHODS
2.1. Instrument and Reagents

Fluorescence emission spectra were measured using Perkin Elmer Instrument LS55 spectrofluorimeter.
Excitation wavelength used for emission measurements was 375 nm. Two emission bands were obtained
at 410 and 435 nm. Calculations were performed using the fluorescence intensity at 435 nm which have
the highest R? values at the calibration graphs.

Tetrahydrofuran (THF) was used as a solvent for cocktail mixture and provided from Sigma-Aldrich.
High molecular weight polyvinyl chloride (PVC) and polymethyl methacrylate (PMMA) used as
polymer media and dibutylphtalate (DBP) used as a plasticizer were purchased from Aldrich. Potassium
tetrakis-(4-chlorophenyl) borate (PTCPB) (%98) was used as a lipophilic anionic site in constructing
fluorescent optode for cations and supplied from Alfa Aesar. Mylar film used as a polyester supporting
material was provided from Du Pont. The solutions of metal salts were prepared with ultra-pure water
obtained from Merck. 4-((4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)diazenyl)-N,N-
dimethylaniline (PA) was used as a fluorescence dye. Schematic structure of PA is shown in figure 1.
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Figure 1. The structure of 4-((4-(1H-phenanthro[9,10-d]imidazol-2-yl)phenyl)diazenyl)-N,N-dimethylaniline (PA).
2.2. Preparation of Polymer Films

120 mg PVC, 240 mg plasticizer (DBP), PA dye (approximately 2.0 mmol dye=kg polymer), potassium
tetrakis (4-chlorophenyl) borate (4.0 mmol) and 1.5 mL THF were used for cocktail mixture. PVC films

were prepared by spreading of dye-polymer cocktail over a Mylar film and dried in a desiccator [18].

PMMA films were prepared with solvent casting method. In this process PMMA was dissolved in THF
and PA dye was added to that solution. This solution stirred until all dye dissolved. The homogeneous
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solution were poured to a petri dish. After the solvent evaporation and drying in the oven, the films were
stripped out.

The prepared films were cut into a suitable form (1.2 cm-3.0 cm) and placed diagonally in a quartz
cuvette. Emission studies were performed for each PA doped polymer films in agueous medium.

3. RESULTS AND DISCUSSION
3.1. Sensitivity Studies

Responses of PA doped polymer films to pH change were examined in different buffer solutions at pH
1-10. This pH range was chosen to avoid precipitation of cations with hydroxide ions. For this purpose,
CH3COOH/CH;COO~, NaH,PO4/HPO4>", NH4*/ NH3 buffer solutions were prepared and also 0.10 M
HCI solution was used for pH 1. It was observed that PA doped polymer films didn’t give significant
response to pH change. Figure 2 shows pH responses of PA doped PMMA films. The cation studies
were performed at pH 7 except for Fe3* ions because of the fact that the solubility coefficient of Fe(OH)3
is too low (Ks=2.0 x 10~*® at 25 °C). So, FeCls solution was prepared at pH 1.
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Figure 2. pH responses of PA doped PMMA films at pH 1-10.

The relative signal changes of PA doped PMMA and PVC films to different cations at the concentration
of 1.50x10* M were shown in Figure 3 and 4. In these graphs; lo and | indicate emission intensities of
PA doped polymer films in pure water and cation solutions, respectively. Cation studies showed that PA
doped polymer films gave high responses to Fe**, Fe?* and Cr®*. These cations gave responses in the
same order for both P\VC and PMMA films. Some of the other cations showed different responses for
PVC and PMMA films. Very low affinity of the dye molecules to these cations could be caused to
positive or negative relative signal changes as seen in figure 3 and 4.
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Figure 3. Relative signal changes of PA doped PMMA film to different cations at the concentration of 1.50x10° M.
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Figure 4. Relative signal changes of PA doped PVC film to different cations at the concentration of 1.50x10° M.

The fluorescence responses of PA doped PVC and PMMA films to Fe3*, Fe?* and Cr®" cations were
shown in figure 5 and 6 respectively. The fluorescence intensities of PA doped polymer films to the
other cations were very close to each other and nearly found in the same area. So, these cation responses
weren’t showed in figure 5 and 6.
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Figure 5. Fluorescence responses of PA doped PVC film to Fe3*, Fe?* and Cr®* cations at the concentration of

1.50x102 M.
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Figure 6. Fluorescence responses of PA doped PMMA film to Fe®*, Fe?* and Cr®* cations at the concentration of

1.50x103 M.

3.2. Fluorescence responses of PA doped polymer films at different concentrations of Fe3*

The calibration graphics of PA doped PVC and PMMA films were plotted for Fe** emission values at
the concentration ranges between 1.0x10 — 5.0x10* M. The relative signal changes had logarithmic
correlations for both polymer films as shown in figure 7 and 8. R? values were obtained as 0.9811 and
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0.9813 in PMMA and PVC media respectively. Concentration values of Fe®*" used on calibration
graphics are shown in Table 1. As indicated in figure 9 and 10, the emission intensities of PA doped
PMMA and PVC film decreased with the rise in the concentration of Fe®*.

Table 1. Concentrations of Fe3* and relative signal changes for both polymer media used on calibration graphics.

PMMA PVC
Concentrations (M) Relative Signal Concentrations | Relative Signal
of Fe* Change |1-1o]/1o (M) of Fe®* Change [I-Io|/lo
5.0x10* 0.0700 5.0x10* 0.0469
1.0x103 0.1522 1.0x103 0.1670
1.25x 103 0.2466 1.25x 10°® 0.3398
3.0x10° 0.4970 2.5x10°3 0.5178
4.0x10°3 0.6428 3.75x10° 0.7084
5.0x10°3 0.7276 5.0x10°3 0.8397
7.5x10°3 0.8678 7.5x10°3 0.8823
1.0x102 0.9365 1.0x107 0.9606
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Figure 7. Calibration graphic of Fe®* for PMMA medium.
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Figure 8. Calibration graphic of Fe®* for PVC medium.
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Figure 9. Emission spectrum of PA doped PMMA film depending on Fe* concentrations.
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Figure 10. Emission spectrum of PA doped PVC film depending on Fe®* concentrations.

3.3. Interference Studies

PA doped PMMA and PVC films gave the highest responses to Fe**, Fe?* and Cr®* among the studied
ions. Emission intensity variations of the other ions were too low. Therefore, interference effects of Fe*
and Cr* in the presence of Fe®* were examined. Certain volumes of concentrated Fe®* and Cr3* solutions
were added with a micropipette to Fe®* solution found in a quartz cuvette and emission studies were
performed.

Interference effects of Fe?* and Cr3* in the presence of 1.0 x 102 M and 1.0 x 10° M Fe®*" were
investigated. Figure 11 and 12 showed that there wasn’t any interference effect between Fe** and Fe?*
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or Fe* and Cr® at the concentrations of 1.0 x 10 M. Contrary, there were some interference effects
when the concentrations of Fe?* and Cr®* were ten times higher than Fe3*. The interference effects of
Fe?* and Cr® ions were too low in the presence of 1.0x102 M Fe** as seen in figure 13 and 14.

Fe?* and Cr® ions were added simultaneously or subsequently to 1.0 x 102 M Fe®* solution and their
interference effects were examined to identify selectivity of PA doped polymer films to Fe®*. It was
considered that the interference effects of Cr* and Fe?" ions were not clearly observed when these ions
were added subsequently to the quartz cuvette in which Fe®* already existed. It was estimated that Fe3*
could interact with the surface of PA doped polymer film. But, there wasn’t observed any significant
difference for adding Fe?* and Cr®* ions simultaneously or subsequently to Fe3* (Figure 13, 14).

These compatible results can be attributed to high selectivity of the dye doped polymer films to Fe®*.

-0,45 10° M Fe3* + 102 M Cr*

-0,34 10° M Fe3*+10° M Cr3*

-0,45 10° M Fe3 + 10° M Fe?*
0,332 10°MFe** +10° M Fe?*

-0,34 10° M Fe3

-0,5 -0,4 -0,3 -0,2 -0,1 0

[(I'Io)/lo]

Figure 11. Interference effects of Fe?* and Cré* to Fe®* in PMMA medium.

-0,435 10° M Fe3 + 102 M Cr3*
0,303  10°MFe*+10° M Cr+

-0,379 10° M Fe3 + 10° M Fe?*

0,306  10°MFe®+10° M Fe?

3
-0,316 10 M Fe3*

-0,5 -0,4 -0,3 -0,2 -0,1 0

[(-6)/1]

Figure 12. Interference effects of Fe?* and Cré* to Fe®* in PVC medium.
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0,96 10 M Fe?* addition to 10" M Fe3*
-0,962 107 M Fe3* + 10 M Fe?* simultaneously
-0,96 10 M Fe?* addition to 10~ M Fe3*
-0.959 10” M Fe* + 10" M Fe?* simultaneously
_0'95 102 M Fe3*
-0,9 -0,8 -0,7 -0,6 -0,5 -0,4 -0,3 -0,2 -0,1
[(I‘Io)/lo]

Figure 13. Interference effects of Fe?* to Fe3* in PMMA medium.

-0,968 107 M Cr3* addition to 10~ M Fe3*
AL 10” M Fe¥* +10° M Cr3+ simultaneously
-0,963 10° M Cr3* addition to 10~ M Fe3*
-0,962 107 M Fe* + 10" M Cr®* simultaneously
-0,959 102 M Fe3*
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Figure 14. Interference effects of Cr3* to Fe* in PVC medium.
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3.4. Regeneration Studies for PA doped PMMA and PVC Films

Emission measurements of PA doped polymer films were repeated three times in both cation solutions
and pure water. Average values of these measurements were used in this study. It was observed that PA
doped polymer films showed similar results for each emission measurements. Figure 15 and 16 show
examples of emission responses of PA doped polymer films to 5.0x10 M Fe®* ion. Standard deviation
and relative standard deviation of emission values at the concentration of 1.0 x 102 M Fe®*" were
calculated. These values were found as 0.662 and 0.02 for PVC medium and 0.778 and 0.003 for PMMA
medium respectively.
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Figure 15. Fluorescence responses of PA doped PMMA films to 5.0x10°° M Fe®*.
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Figure 16. Fluorescence responses of PA doped PVC films to 5.0x10° M Fe®*.
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Regeneration results for both PA doped polymer media were shown in Figure 17 and 18. PA doped
polymer films were washed with pure water after each cation response. Emission results of the polymer
films in pure water showed that both dye doped polymer films could be highly regenerated.
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Figure 17. Emission responses of PA doped PVC film after washing with pure water in the same day.
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Figure 18. Emission responses of PA doped PMMA film after washing with pure water in the same day.

4. CONCLUSIONS

The aim of this study is usage of different polymers to develop a cationic sensor. PVC and PMMA
polymers were chosen because of their flexible, transparent, thermoplastic character and compatibility
with aqueous medium.

Emission responses of PA doped polymer films to different cations were investigated and these films
showed the highest responses to Fe**, Cr3* and Fe?* ions. It was thought that metallic cations could be
interact with N donor atom in aromatic heterocycle or azo bridge of PA structure via dipol-ion
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(coordinate covalent bond) interactions. Emission results of PA doped PVC and PMMA films to
different cations were compared. The highest relative signal changes for both polymer media were
sequenced as Fe*>Fe?>Cr*,

Calibration graphs of the polymer films were plotted (1.0x102-5.0x10** M). Logarithmic variations were
observed.

Interference effects of Fe®, Cr®* and Fe?" ions were investigated due to their higher relative signal
changes compared with other ions. The interference effect was too low in the presence of 1.0x10° M
Fe3* - 1.0x10° M Fe?* or 1.0x10° M Fe3*- 1.0x10° M Cr®". When the concentrations of other two ions
were 10 times higher than 1.0x10° M Fe*', the interference effect was approximately 11%. The
interference effects of Cr®* and Fe?* were very low at the concentration of 1.0x10% M Fe** (0.9-1.2 %).

Also Cr® and Fe?" ions, which thought to have interference effect were added simultaneously or
subsequently to 1.0x102 M Fe®* solution and the emission responses were studied. Similar results
showed that PA doped polymer films were selective to Fe3* ions.

The regeneration studies were performed for PA doped polymer films. The emission studies were
repeated three times with the same polymer films and similar results were obtained. Cation responses
were given as the average of these three values. Polymer films were washed with pure water before
every measurement. The emission responses of polymers films were taken in pure water after their
cationic measurement and it was seen that they have been highly regenerated. As a result, interference
effects of Fe?* or Cr®* ions were too low to Fe3* at the concentration of 1.0 x 102 M. These films may
be used in environmental or biomedical applications due to their reusable, portable and simple
qualifications.
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