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Abstract  An amino acid side chain functionalized polyfluorene derivative poly[N-(9-fluorenylmethoxycarbonyl)-glycine] 
(P9FG) was facilely electrosynthesized and characterized, and the structure, properties and optical sensing application of the 
obtained polymer were described and discussed. The electropolymerization occurred at C2 and C7 positions of fluorene units, 
and amino acid side chain groups were not cleaved from polyfluorene backbone in mixed electrolytes of boron trifluoride 
diethyl etherate and dichloromethane. Thermal analysis demonstrated good thermal stability of P9FG. Fluorescent spectra 
indicated that P9FG was a good blue light emitting material that could be employed as optical sensors. The soluble P9FG as a 
turn-off fluorescent sensor could realize the detection of Fe3+, Cu2+ and Cr2O7

2, respectively. In addition, P9FG as a turn-off 
ultraviolet sensor could realize the detection of Cu2+ while as turn-on ultraviolet sensors could also realize the determination 
of Fe3+ and Cr2O7

2, respectively. All results indicate that P9FG is a promising candidate for optical sensing. 
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INTRODUCTION 

Conjugated polymers (CPs) with unique semiconducting and photoelectrical properties have attracted 
considerable attention and resulted in numerous technological innovations[1, 2]. They have been explored for a 
wide range of novel applications such as organic light emitting diodes, thin film transistors, solar cells, and 
chemo/bio-sensors due to their superior electronic and optical properties. In particular, their implementation in 
sensing schemes and devices is widely investigated and produced a multitude of sensory systems and 
transduction mechanisms[3, 4]. Until now, many fluorescent CPs have been employed as the fluorescent sensing 
platform for the development of highly sensitive chemo/bio-sensors because they exhibit sensory signal 
amplification along the whole polymer backbone through the molecular wire effect[57]. More importantly, their 
structures can easily be tailored to adjust solubility, absorption wavelengths, emission wavelengths, and energy 
offsets for excited state electron transfer in the solution or solid state[6, 8]. 

Polyfluorene (PF) derivatives are a kind of prospective emitting layer fabricated polymer blue light emitting 
devices among CPs in that they have a variety of extraordinary properties including high electroluminescence, 
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efficient photoluminescence, good charge transport, and excellent thermal stability in the mixed ethanol/water 
system. In addition, fluorinated-based CPs are also a promising class of optical sensing materials, which have 
been widely investigated for applications of chemo/bio-sensors because of their high chemical stability, good 
photostability, exceptionally high solubility, and solid-state fluorescence quantum yields[915]. However, several 
disadvantages of PFs limit their potential application in chemo/bio-sensors, such as the low electron affinity, 
poor solubility, and fluorescence quenching resulting from the keto formation of the C9 position oxidation. 
Recently, PFs modified by different groups were used to improve as-above mentioned flaws without 
significantly increasing the steric interactions in the polymer backbone[1618]. Just as the functionalized 
carboxylic acid group on CPs plays an important role in the construction of sensors[1922]. Different substituents 
enable solubility in common organic solvents and processing of high-quality thin films, which will make PFs 
suitable as optical sensing material[23]. For instance, Wang et al. synthesized a PF derivative and used as a 
fluorescent probe for the detection of lead ion and copper ion[2426]. Wang and coworkers also designed several 
different functionalized PF derivatives and used for the detection of Fe3+, Hg2+, and Ag+[2729]. In our previous 
work, a good fluorescent sensor was fabricated based on poly(9-aminofluorene), which were employed for 
highly sensitive detection of Fe3+, inorganic phosphates, and carboxylates[30, 31]. 

Among PF derivatives family, 9-fluorenylmethoxycarbonyl group (FMOC) is stable toward acid and 
catalytic hydrogenation, but readily cleaved under mildly basic and non-hydrolytic conditions[32].                  
Rault-Berthelot et al. have reported the anodic oxidation of FMOC-amino acids in acetonitrile system containing 
tetrabutylammonium tetrafluoroborate, and the chiral discrimination of these polymers towards pure enantiomers 
was also presented[33]. This work opened a way for the use of poly(FMOC-amino acids) in bioelectrochemistry 
or combinatorial chemistry. Subsequently, Pei group studied chiral poly(FMOC-amino acids) films synthesized 
by direct anodic oxidation of the corresponding monomers in a medium strong Lewis acid, boron trifluoride 
diethyl etherate (BFEE)[34, 35]. To the best of our knowledge, there was no reports on the optical application of 
poly(FMOC-amino acids). 

The commonly employed reactions for the preparation of PFs are chemical oxidative polymerization like 
Suzuki, Yamamoto, and Stille reactions[16, 36]. And the Suzuki’s coupling reaction could provide PFs with a 
maximum molecular weight of several 10000 and the Yamamoto reaction also can lead to a higher molecular 
weight up to 200000[37]. Nevertheless, these experiments cost too much time (up to 72 h) to build polymers with 
modest molecular weight, while the use of carefully purified monomers and the application of optimized reaction 
conditions are the main prerequisite for reaching such high molecular weights[38]. Electrochemical 
polymerization, a kind of method that has been widely employed for the generation of CPs onto a conducting 
surface, as one of fast, reliable and convenient synthetic methods to obtain the target material with good 
mechanical, electrical and optical properties[3941]. Electrochemical methods can produce the polymers by direct 
anodic oxidation of corresponding monomers with several distinct advantages as being catalyst-free, requirement 
for only small amounts of monomers, one-step formation of polymers, ease of controlling the thickness of films 
and convenience of characterization[41]. Nowadays, a series of PFs synthesized by direct anodic oxidation have 
been reported[4244]. Likewise, our group also investigated the electrochemical synthesis and characterization of 
poly(9-aminofluorene)[29, 45], poly(9-hydroxylfluorene), poly(9-fluorenecarboxylic acid), and poly(9-
hydroxylfluorene-9-carboxylic acid)[46]. But only a few of these PFs were used for the optical application[30, 31]. 

In this work, poly[N-(9-fluorenylmethoxycarbonyl)-glycine] (P9FG) was electrochemically synthesized in a 
mixture system of boron trifluoride diethyl etherate electrolyte (BFEE) and dichloromethane (DCM). Following 
by a series of characterization, which were served to confirm the polymerization site, thermal stability, and 
optical properties of the as-prepared polymer. The most interesting point is that P9FG film was chosen as optical 
material for fabricating optical sensors, which were employed to quantitative analysis of Fe3+, Cu2+ and Cr2O7

2 
via fluorescence and ultraviolet strategies. 
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EXPERIMENTAL 

Materials and Apparatus 
9FG (98%, Alfa Aesar) was purchased from Aladdin Chemistry Co. Ltd. Boron trifluoride diethyl etherate 
(BFEE, Beijing Changyang Chemical Plant, China) was distilled and stored at 20 C before use. 
Dichloromethane (DCM, analytical grade) was the product of Tianjin Bodi Chemicals Co. Ltd. and used after 
reflux distillation. Tetrabutylammonium tetrafluoroborate (Bu4NBF4, 99%; Acros Organics; SIGMA-ALDRICH, 
Co.) was dried under vacuum at 60 C for 24 h before use. Anhydrous ethanol (HPLC, 99.5%) purchased from 
Xiya Reagent Co. Ltd (Shandong, China) was used without further purification. The mixed ethanol/water system 
(1:1, V/V) was used for studying the sensing of ions, the as-prepared P9FG was dissolved in anhydrous ethanol. 
All cations and anions were prepared in doubly distilled water, and all these ions are purchased from J&K 
Chemical Co. Ltd. Doubly distilled water was utilized for all experiments. Other reagents were all analytical 
grade and used as received without further treatment. 

Electrochemical tests and polymerization were performed in a one-compartment cell using a potentiostat-
galvanostat (model 263A, EG & G Princeton Applied Research) under computer control. Infrared spectra were 
determined with a Bruker Vertex 70 Fourier-transform infrared (FTIR) spectrometer with samples in KBr 
pellets. Absorption spectra were measured using an Agilent 8453 UV-Vis spectrophotometer. All fluorescence 
experiments were carried out using a Hitachi F-4500 spectrophotometer with excitation slit set at 5 nm and 
emission slit at 5 nm. The 1H-NMR spectra were recorded on a Bruker AV 400 NMR spectrometer with            
d6-DMSO used as the solvent. The X-ray photoelectron spectroscopy (XPS) was recorded by a PHI 5000 
Versaprobe pectrometer. Thermogravimetric analysis (TGA) was performed with a Pyris Diamond TG/DTA 
thermal analyzer (PerkinElmer). All thermal analysis were performed under a nitrogen stream in the temperature 
range of 3001075 K with a heating rate of 10 K/min. 

Electrochemical Preparation of P9FG Films 
Electrochemical syntheses were performed in a one-compartment cell with the use of a Model 263 potentiostat-
galvanostat (EG&G Princeton Applied Research) under computer control. The working and counter electrodes 
for linear sweep voltammetry (LSV) and cyclic voltammetry (CV) experiments were platinum wires with a 
diameter of 0.5 mm and placed 0.5 cm apart. An Ag/AgCl electrode directly immersed in the solution served as 
the reference electrode. Prior to each experiment, these electrodes mentioned above were carefully polished with 
abrasive paper (1500 mesh), cleaned successively with water and acetone, and then dried in air successively. To 
obtain a sufficient amount of polymer films for characterization, stainless steel sheets with a surface area of 10 
and 12 cm2 each were employed as the working and counter electrodes, respectively. After polymerization, 
P9FG films were washed repeatedly with anhydrous acetonitrile to remove the electrolyte, monomers, and 
oligomers. The molecular weight of polymers was measured by GPC (Mn = 2585, Mw = 2707). 

RESULTS AND DISCUSSION 

Electrosynthesis of P9FG Film 
Figure 1 shows anodic polarization curves of 9FG in DCM containing BFEE with different percentages. The 
onset oxidation potential of 9FG was approximately 1.48 V in pure DCM containing Bu4NBF4. With the 
addition of BFEE to DCM, the onset oxidation potential of 9FG decreased initially from 1.483 V to 1.117 V, 
then increased from 1.117 V to 1.193 V. Obviously, the oxidation potential value of 9FG in DCM/BFEE system 
was much lower than that in pure DCM solution (1.48 V). The large descent in the onset oxidation potential can 
be attributed to the interaction between the middle strong Lewis acid BFEE and the aromatic monomers, 
decreasing the aromaticity of fused rings[4749]. In general, high oxidation potential easily causes the monomers 
over oxidation at the polymerization potential, resulting in destruction of the conjugated structure of the 
polymers and degradation of their properties. The decrease in the onset oxidation potentials can prevent side 
reactions effectively and lead to high-quality polymer films. The lower the oxidation potentials, the less the 
probability of side reactions as well as the occurrence of coupling defects. Thus, DCM containing 30% BFEE 
was more appropriate for the electrochemical polymerization of 9FG. 
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Fig. 1  Anodic polarization curves of 9FG in mixed electrolytes of both BFEE and DCM with 
different volume ratios containing 0.1 mol·L1 Bu4NBF4 and 0.02 mol·L1 monomer 

 

The successive cyclic voltammograms (CVs) of 9FG were performed in BFEE, DCM, and the mixed 
electrolytes of BFEE and DCM with different volume ratios (in Fig. 2). In DCM, CVs of 9FG monomer were 
not satisfactory because no apparent redox waves were observed and the anodic current densities decreased 
quickly with an increase in the scan numbers. Visual inspection during CV experiments revealed that there was 
no polymer film formed on the working electrode surfaces. However, 9FG was easily electropolymerized in the 
mixed electrolyte of BFEE and DCM in comparison with pure DCM. All CVs showed similar characteristics that 
the redox current densities increased with increasing cycle number of potential in the mixed electrolytes, 
suggesting that the amount of conducting polymers electrodeposited on the surface of bare Pt increased with 
each cycle. Visual inspection revealed that large amounts of brown P9FG films were obtained on the surface of 
electrode. Broad features of the observed redox waves resulted from the complexity of the doping process which 
involved the formation of polarons, bipolarons and their mutual interconversion[50]. Some contribution to this 
broadening originating from the polydispersity cannot be excluded[51, 52]. The obvious potential shift of the wave 
current maximum provided information about the increase in the electrical resistance in the polymer and the 
overpotential needed to overcome the resistance[51]. 

Characterization of P9FG 

Structure of P9FG 
Figure 3(a) shows the FTIR spectra of 9FG monomer and dedoped P9FG polymer. The bands at 734, 773 and 
816 cm−1 were assigned to the C―H out-of-plane vibration of the phenyl and the band at 1024 cm−1 was due to 
the C―H in-plane vibration of the phenyl. These bands were similar to those of 1,2,4-trisubstituted benzene 
rings with respect to the wave number and the patterns of absorption bands[39, 53, 54]. The C＝O vibration 
frequency for the ester group appeared as a large peak at 1724 cm1 in both 9FG monomer and dedoped P9FG, 
while the ―OCONH― also has a strong intensity band in the range from 1746 cm1 to 1690 cm1. Additionally, 
the presence of the strong ―COOH elongation and deformation vibration peaks at 1400, and 1245 cm1 in the 
spectrum of the dedoped P9FG demonstrated that the ―COOH group was not destroyed[31, 39, 40].  

In addition, the newly-emerged moderate intensity peak at 1084 cm1 corresponded to the characteristic 
vibration band of the doping anions (B―F bonds). Compared with the monomer, the peaks in the spectrum of 
dedoped P9FG were not obviously broadened, which is quite different from those of other conducting polymers, 
and may be attributable to the relatively short chain length of the as-formed P9FG[54, 55]. The strong intensity 
peak at 3435 cm1 might be was O―H (36003200 cm1), ―NH― (35003300 cm1), and crystal water 
(36003100 cm1). All the information above indicated that the side chain stayed stable before/after the 
electrochemical polymerization. 
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Fig. 2  CVs of 9FG in the mixed electrolytes of BFEE and DCM with different volume ratios 
containing 0.1 molL1 Bu4NBF4 and 0.02 molL1 monomer 

 

In Fig. 3(b), the 1H-NMR spectra of 9FG and the dedoped P9FG prepared from DCM containing 30% 
BFEE were recorded. Some new peaks appeared after polymerization between  of 7.3 and 8.2, and most of the 
peaks moved to lower fields as the length of main chain conjugation was longer in P9FG than in 9FG[39, 52, 55]. 
The proton chemical shift of 12.99 in the spectrum of the monomer can be ascribed to the proton of ―COOH 
group, and this signal was still present in the spectrum of P9FG. Hence, it is obviously that the side chain has not 
changed. In Fig. 3(b), the protons at the C1 and C8 could be found at  of 7.85, but the proton signals of C4 and 
C5 positions shifted to  of 8.03 from  of 7.92. The protons at the C3 and C6 also could be found at  of 7.42 



H. Zhang et al. 234

almost had no change from 7.41. The chemical shifts at 7.37 could be ascribed to the protons at C2 and C7 
positions, which disappeared in the spectrum of P9FG[50, 52]. This indicates that a new C―C bond formed mainly 
via the coupling at C2 and C7 positions of 9FG, which is in well accordance with FTIR results. 

 

          

 
Fig. 3  (a) FTIR spectra of 9FG and P9FG, (b) 1H-NMR spectra of 9FG and P9FG in d6-DMSO, 
and (c) XPS spectrum of P9FG 

 

For further investigating the structure of the polymer, the XPS of P9FG film was recorded. In Fig. 3(c), 
three elements (C, N, and O) were collected in the polymer, beyond H. Hence, it proves that the polymer 
contains N element. In addition, their relative contents were also calculated as shown in Table 1. The percentage 
( of N and O elements in P9FG were smaller than that in 9FG, and the percentage of C element was bigger 
than that in 9FG. There was a small deviation between 9FG and P9FG, and the relative deviation (RD) within 
2% which was in a reasonable range. 

 
Table 1. The percentage of N and O elements of 9FG monomer and P9FG film. 

Elements FG () P9FG () RD () 
C 72.34 74.27 + 1.93 
N 4.96 4.25 0.71 
O 22.70 21.48 1.22 

 

From what has been discussed above, a conclusion can be given as follows that the polymerization of 9FG 
mainly occurred at C2 and C7 positions of 9FG (Figs. 3a and 3b) and the side chain groups were not changed, 
which was in accordance with results in previous reports[3335]. It can also confirm that the FMOC group as a 
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protective group is eminently successful. In addition, the application in optical sensing for different analytes of 
other FMOC-amino acids also confirmed that the side chain groups were not changed. 

Properties of P9FG 
The TG analysis of monomer 9FG indicated that the weight losses of monomer were about 85% between 440 K 
and 620 K (Fig. 4) and there was an evident degradation process for the monomer at 510 K. As shown in Fig. 4, 
there was a slight weight loss at 375 K, which closely related to the evaporation of water and other moisture 
trapped in the polymer. The following prominent degradation between 435 K and 620 K, up to 31.03%, and a 
corresponding maximal decomposition existed at 535 K. These might be caused by the breakdown of side-chain 
and the polymer decomposition. With the gradual increase of the temperature, there was another prominent 
decomposition from 620 K to 880 K and the weight loss of the polymer was about 16.14%. It could be attributed 
to the overflow of structural fragments decomposed from P9FG. After then, the weight loser was only 4.3% from 
880 K to 1100 K, which indicated the residue was constant in weight. These also displayed the good thermal 
stability of the P9FG film. 

 
Fig. 4  TG curves of 9FG and P9FG 

 

9FG monomer shows a maximum absorption at 302 nm (a single electron π-π* transition) in Fig. 5(a). As a 
result of the increasing conjugated chain length and the wide molar mass distribution, the absorption of P9FG 
film was broader with an obvious peak centered at around 340 nm, and the overall absorption tailed off to about 
410 nm. These spectral results confirmed the occurrence of electrochemical polymerization and the formation of 
a conjugated polymer. On the other hand, the optical band gap of P9FG calculated from the onset of the 
absorption spectrum (about 385 nm) was roughly 3.22 eV (Eg = 1241/onset). 

Figure 5(b) shows the emission spectra of the 9FG and P9FG, which were tested in the mixed ethanol/water 
system (1:1, V/V). The emission peak of the 9FG emerged at 327 nm, while the emission peak appeared at       
412 nm of P9FG. Compared with the monomer, the peak of polymer has an 85 nm bathochromic shift because of 
the elongation of the polymer’s delocalized π-electron chain sequence. The wide emission of P9FG is reasonable 
because polymers have different chain lengths, namely, polymerization degrees of every 9FG chain are different.  

The irreversible destruction of the excited fluorophore (photobleaching) often becomes the factor limiting 
fluorescence detectability after a long time of UV irradiation. In order to quantitatively investigate the 
photostability of P9FG, the sealable cell that contained P9FG was exposed to UV-light. As shown in Fig. 6, the 
fluorescence intensity of P9FG almost has no change during 22 scans (the cuvette was exposed to UV-light for 
30 s before each scan) with a total irradiation time of about 660 s. The relative standard deviation and relative 
mean deviation was 0.95% and 0.79%, respectively. These results suggested the superior photostability of P9FG. 
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Fig. 5  UV-Vis spectra (a) and fluorescence spectra (b) of 9FG and P9FG in the mixed ethanol/water system (1:1, V/V) 

 

 
Fig. 6  The photostability of P9FG in the mixed ethanol/water system (1:1, V/V) 

Optical Sensing Application of P9FG 

Fluorescent sensing of P9FG 
In Fig. 7(a), the fluorescence intensity of P9FG in the mixed system of ethanol and water with volume ratio of 
1:1 (V/V) is higher than that of the others. From a to g, the fluorescence intensity of P9FG has almost no change   
(Fig 7b) when 20 L of the deionized water was added into the mixed ethanol/water system (1:1, V/V) before 
each measurement. Hence, the mixed ethanol/water system (1:1, V/V) was chosen as the optical system. 

Initially, the effect of various metal ions like K+, Ca2+, Mg2+, Ba2+, Al3+, Zn2+, Hg2+, Co2+, Sr2+, Mn2+, Ni2+, 
Pb2+, Sn2+, Cd2+, Cr2+, and Cu2+ on fluorescence intensities of P9FG was investigated in ethanol/water (1:1, V/V) 
system. As can be seen from Fig. 8(a), the addition of Cu2+ or Fe3+ could cause significantly fluorescence 
quenching, inducing a color change from blue to colorless under UV light. Similarly, when Cr2O7

2 was added, 
the fluorescence of P9FG dramatically quenched. Nevertheless, the addition of the other various anions such as 
F, Cl, Br, I, NO2

, NO3
, HSO4

, SO4
2, S2O3

2, SCN, CO3
2, HCO3

, CH3COO, and PO4
3 produced 

negligible changes in fluorescence intensities of P9FG under identical conditions (Fig. 8b). Furthermore, the 
complexation ability of P9FG with Fe3+, Cu2+ and Cr2O7

2 was investigated by a photoluminescent technique in 
Fig. 8(e).  
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Fig. 7  (a) Effect of the mixed system of ethanol and water with different volume ratios on fluorescence intensity of 
P9FG, (b) effect of deionized water with different volumes on fluorescence intensity of P9FG in the mixed 
ethanol/water system (1:1, V/V) in (a) (ah: the volume of water from 20 L to 160 L) 
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Fig. 8  Fluorescence quenching efficiencies of P9FG (2.0 × 10−7 molL1 in repeat units) in the presence of various 
metal cations (a), anions (b), UV-Vis spectra of P9FG with metal ions (c) and anions (d) (each 1.0 × 10−3 molL1), 
and the color changes under 365 nm UV light (e) in the mixed ethanol/water system (1:1, V/V) 

 

As shown in Fig. 9(A1), the addition of Fe3+ immediately leads to a significant fluorescence quenching of 
the P9FG emission. In addition, the relationship between fluorescence intensity (I) and the Fe3+ concentration of 
the fabricated sensor is shown in Fig. 9(A2). Obviously, I gradually decreased with increasing Fe3+, revealing 
that this method was suitable for detecting the unknown content of Fe3+. lgI versus lg[Fe3+] depicts the 
relationship between the common logarithm of I (lgI) and the common logarithm of Fe3+. The lgI versus lg[Fe3+] 
graph in Fig. 9(A2) revealed that there was a good linearity from 4.0 × 1011 molL1 to 1.6 × 107 molL1 (y1 = 
2.8924 − 0.0128 x1 (R1

2 = 0.9755)) and from 1.6 × 107 molL1 to 1.6 × 103 molL1, (y2 = 4.5377 − 0.266 x2 
(R2

2 = 0.9883)).  
 

 
Fig. 9  (A1) Fluorescence emission spectra of P9FG (2.0 × 10−7 molL1 in repeat units) with successive addition of 
Fe3+ (a: blank, bn: 4.0 × 10111.6 × 10−3 molL1), and (A2) the lgI of P9FG versus the concentrations of lg(Fe3+); 
(B1) Fluorescence emission spectra of P9FG (2.0 × 10−7 molL1 in repeat units) in the presence of different 
concentrations of Cu2+ (a: blank, bp: 2.0 × 10123.2 × 104 molL1), and (B2) the linear range of lgI versus the lg 
(Cu2+); (C1) fluorescence emission spectra of P9FG (1.7 × 10−7 molL1 in repeat units) in the presence of different 
concentrations of Cr2O7

2− (a: blank, bp: 2.0 × 10131.65 × 10−4 molL1) and (C2) plots of the lgI as a function of 
Cr2O7

2− concentrations (All of them were carried in the mixed ethanol/water system (1:1, V/V).) 
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The limit of detection (LOD) was calculated using the following equations[54]: 

 LOD = 3 s/m  

where s is the standard deviation of the lowest concentration of the linearity range and m is the slope of linear 
equation in Fig. 9(A2). The detection limit was found to be 1.3 × 1011 molL1. Similarly, Cu2+ and Cr2O7

2 were 
also presented in Fig. 9(B1) and Fig. 9(C1), they displayed a good linear range from 2.0 × 1012 molL1 to      
2.3 × 106 molL1 and 2.3 × 106 molL1 to 3.2 × 104 molL1 with a detection limit of 0.6 × 1012 molL1   
(S/N = 3) for Cu2+ and from 2.0 × 1013 molL1 to 1.2 × 106 molL1 and 1.2 × 106 molL1 to                       
1.65 × 104 molL1 with a detection limit of 0.6 × 1013 molL1 for Cr2O7

2. Obviously, these results indicated 
that P9FG possessed specific recognition ability towards Fe3+, Cu2+ and Cr2O7

2. 

Ultraviolet sensing of P9FG 
The UV spectroscopy of P9FG with different ions was monitored for studying the selectivity and interaction. 
Three different absorption bands of Fe3+, Cu2+ (Fig. 8C) and Cr2O7

2 (Fig. 8D) with different intensities in the 
mixed ethanol/water system (1:1, V/V) were presented. The absorption maximum of P9FG was exhibited at    
328 nm, and the absorbance reduced after the addition of Cu2+ (Fig. 8C). The absorbance of P9FG decreased 
linearly with increasing Cu2+ (Fig. 10B1) concentrations in the range from 3.3 × 107 molL1 to                        
1.8 × 103 molL1 (Fig. 10B2), indicating that P9FG could use as a turn-off ultraviolet sensor for the detection of 
Cu2+. However, the absorbance of P9FG increased upon adding Fe3+ (Fig. 8C) or Cr2O7

2 (Fig. 8D) and 
displayed a linear relationship from 3.0 × 107 molL1 to 8.2 × 104 molL1 (Fig. 10B1 and Fig. 10B2) for Fe3+ 
and from 3.0 × 107 molL1 to 2.3 × 104 molL1 (Fig. 10C1 and Fig. 10C2) for Cr2O7

2, respectively. These 
results revealed P9FG as a turn-on ultraviolet sensor for the detection of Fe3+ or Cr2O7

2. Moreover, the afore-
mentioned three ions could be easily distinguished from UV spectroscopy.  

 

 

 
Fig. 10  (A1) UV-Vis experiments of P9FG (6.0 × 10−7 molL1 in repeat units) with Cu2+ (a: blank, bj: 3.3 × 
1071.8 × 103 molL1) and (A2) the absorbance of P9FG versus the concentration of Cu2+; (B1) UV-Vis 
experiments of P9FG (2.0 × 10−7 molL1 in repeat units) with Fe3+ (a: blank, bj: 3.0 × 1078.2 × 104 molL1), 
and (B2) the absorbance of P9FG versus the concentration of Fe3+; (C1) UV-Vis experiments of P9FG (2.0 × 10−7 
molL1 in repeat units) with Cr2O7

2 (a: blank, bi: 3.0 × 1082.3 × 104 molL1), and (C2) the absorbance of 
P9FG versus the concentration of Cr2O7

2 (All of them were carried in the mixed ethanol/water system (1:1, V/V), 
respectively.) 
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In addition, other amino acid functionalized polyfluorenes like poly(Fmoc-L-histidine), poly(Fmoc-L-
serine) and poly(Fmoc-L-proline) presented fluorescent and ultraviolet responses of different ions, which 
indirectly indicated that amino acid side chain groups were not cleaved from polyfluorene backbone in mixed 
electrolytes of boron trifluoride diethyl etherate and dichloromethane. 

CONCLUSIONS 

In this work, P9FG was facilely synthesized by the direct electropolymerization of monomer 9FG in 
DCM/BFEE system. A series of characterizations such as 1H-NMR spectra, FTIR spectra, and XPS spectra were 
carried out to confirm that the site for polymerization occurred at C2 and C7 positions of 9FG, and the side chain 
were not cleaved from polyfluorene backbone. P9FG displayed a good thermal stability and optical properties. 
Moreover, P9FG could easily realize fluorescent or ultraviolet detection of Fe3+, Cu2+ and Cr2O7

2 in 
combination with fluorescence and UV spectra responses. The resulting P9FG will provide a promising 
platform for optical sensing applications. 
 
 
REFERENCES 
 
1 Thomas, S.W., Joly, G.D. and Swager, T.M., Chem. Rev., 2007, 107: 1339 

2 Thomas, S.W., Gil, C.J. and Wrighton, M.S., J. Phys. Chem., 1995, 99: 4886 

3 Lee, K., “Functionalized conjugated polymers for signal amplifying biosensors and sensor arrays” ProQuest, 2008 

4 McQuade, D.T., Pullen, A.E. and Swager, T.M., Chem. Rev., 2000, 100: 2537 

5 Marsella, M.J. and Swager, T.M., J. Am. Chem. Soc., 1993, 115: 12214 

6 Rochat, S. and Swager, T.M., ACS Appl. Mater. Inter., 2013, 5: 4488 

7 Swager, T.M., Acc. Chem. Res., 1998, 31: 201 

8 Kim, H.N., Guo, Z., Zhu, W., Yoon, J. and Tian, H., Chem. Soc. Rev., 2011, 40: 79 

9 Inzelt, G., “Conducting polymers: a new era in electrochemistry”, Springer Science & Business Media, 2012 

10 Pei, Q. and Yang, Y., J. Am. Chem. Soc., 1996, 118: 7416 

11 Klärner, G., Lee, J.I., Davey, M.H. and Miller, R.D., J. Adv. Mater., 1999, 11: 115 

12 Ouisse, T. and Stephan, O., Org. Electron., 2004, 5: 251 

13 Neher, D., Macromol. Rapid Commun., 2001, 22: 1365 

14 Sun, M.L., Zhong, C.M., Li, F. and Pei, Q.B., Chinese J. Polym. Sci., 2012, 30(4): 503 

15 Liu, W., Sun, M.L., Liu, Q., He, B.L., Ge, H.L., Sun, M., Zhang, Q.J. and Wang, W., Chinese J. Polym. Sci.,            

2013, 31(11): 1579 

16 Leclerc, M., J. Polym. Sci., Part A: Polym. Chem., 2001, 39: 2867 

17 Wallace, J.U. and Chen, S.H., "Fluorene-based conjugated oligomers for organic photonics and electronics", Springer 

Berlin Heidelberg, 2008 

18 Park, M.K., Xia, C., Advincula, R.C., Schütz, P. and Caruso, F., Langmuir, 2001, 17: 7670 

19 Nie, G.M., Li, C.X., Zhang, L. and Wang, L., J. Mater. Chem. B, 2014, 2: 8321 

20 Nie, G.M., Bai, Z.M., Yu, W.Y. and Chen, J., Biomacromolecules, 2013, 14(3): 834 

21 Nie, G.M., Bai, Z.M., Chen, J. and Yu, W.Y., ACS Macro Lett., 2012, 1: 1304 

22 Nie, G.M., Zhang, Y., Guo, Q.F. and Zhang, S.S., Sens. Actuators, B, 2009, 139(2): 592 

23 Pu, K.Y. and Liu, B., Adv. Funct. Mater., 2009, 19: 277 

24 Yu, M.H., He, F., Tang, Y.L., Wang, S., Li, Y.L. and Zhu, D.B., Macromol. Rapid Commun., 2007, 28: 1333 

25 Lv, F.T., Feng, X.L., Tang, H.W., Liu, L.B., Yang, Q. and Wang, S., Adv. Funct. Mater., 2011, 21: 845  

26 Xing, C.F., Shi, Z.Q., Yu, M.H. and Wang, S., Polymer, 2008, 49: 269 

27 Qin, C.J., Cheng, Y.X., Wang, L.X., Jing, X.B. and Wang, F.S., Macromolecules, 2008, 41: 7798 

28 Qin, C.J., Wu, X.F., Tong, H. and Wang, L.X., J. Mater. Chem., 2010, 20: 7957 



Electrosynthesis, Characterization and Optical Sensing of P9FG 241

29 Qin, C.J., Wong, W.Y. and Wang, L.X., Macromolecules, 2010, 44: 483 

30 Zhang, G., Wen, Y.P., Li, Y.Z., Xu, J.K., Guo, C.Q., Lu, B.Y. and Zhu, D.H., J. Fluoresc., 2013, 23: 1053  

31 Zhang, G., Lu, B.Y., Wen, Y.P., Lu, L.M. and Xu, J.K., Sens. Actuators, B, 2012, 171: 786 

32 Carpino, L.A. and Han, G.Y., J. Org. Chem., 1972, 37: 3404 

33 Rault-Berthelot, J., Raoult, E., Tahri-Hassani, J., Deit, H.L. and Simonet, J., Electrochim. Acta, 1999, 44: 3409 

34 Wang, Z., Guo, W.J., Han, J.T., Pei, M.S. and Zhu, X.W., J. Macromol. Sci. B, 2012, 51: 2255 

35 He, Y., Guo, W.J., Pei, M.S. and Zhang, G.Y., Chin. J. Chem., 2012, 30: 985 

36 Scherf, U. and List, E.J.W., Adv. Mater., 2002, 14: 477 

37 Nothofer, H.G., Meisel, A., Miteva, T., Neher, D., Forster, M., Oda, M., Lieser, G., Sainova, D., Yasuda, A., Lupo, D., 

Knoll, W. and Scherf, U., Macromol. Symp., 2000, 154: 139 

38 Fan, C.H., Plaxco, K.W. and Heeger, A.J., J. Am. Chem. Soc., 2002, 124: 5642 

39 Roncali, J., Chem. Rev., 1992, 92: 711 

40 Novák, P., Müller, K. Santhanam, K.S.V. and Haas, O., Chem. Rev., 1997, 97: 207 

41 Chen, W. and Xue, G., Prog. Polym. Sci., 2005, 30: 783 

42 Zhang, S.S., Nie, G.M., Han, X.J., Xu, J.K., Li, M.S. and Cai, T., Electrochim. Acta, 2006, 51: 5738 

43 Nie, G.M. Guo, Q.F., Zhang, Y. and Zhang, S.S., Eur. Polym. J., 2009, 45: 2600 

44 Nie, G.M., Guo, Q.F., Wang, S. and Zhang, S.S., J. Polym. Sci., Part A: Polym. Chem., 2010, 48(8): 1791 

45 Fan, C.L., Xu, J.K., Chen, W. and Dong, B., J. Phys. Chem. C, 2008, 112: 12012 

46 Fan, C.L., Xu, J.K. Chen, W., Lu, B.Y., Miao, H.M., Liu, C.C. and Liu, G.D., J. Phys. Chem. C, 2009, 113: 9900  

47 Jin, S. and Xue, G., Macromolecules, 1997, 30: 5753 

48 Chen, W. and  Xue, G., Prog. Polym. Sci., 2005, 30: 783 

49 Nie, G.M., Yang, H.J., Wang, S. and Li, X.M., Crit. Rev. Solid State Mater. Sci., 2011, 36: 209 

50 Chen, X.W. and Inganäs, O., J. Phys. Chem., 1996, 100: 15202 

51 Zhou, M. and Heinze, J., J. Phys. Chem. B, 1999, 103: 8443 

52 Lu, B.Y., Li, Y.Z. and Xu, J.K., J. Electroanal. Chem., 2010, 643: 67 

53 Fukuda, M., Sawada, K. and Yoshino, K., J. Polym. Sci., Part A: Polym. Chem., 1993, 31: 2465 

54 Nie, G.M., Cai, T., Xu, J.K. and Zhang, S.S., Electrochem. Commun., 2008, 10: 186 

55 Xu, J.K., Zhang, Y.J., Hou, J., Wei, Z.H., Pu, S.Z., Zhao, J.Q. and Du, Y.K., Eur. Polym. J., 2006, 42: 1154 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


