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BIOSENSORS DERIVED FROM COPOLYMERS OF VINYLFERROCENE WITH 
VARIOUS PARA SUBSTITUTED PHENYLMALEIMIDES  

 
 

An Abstract of the Thesis by 
Nawrah Alghamdi 

 
 

        Five copolymers were synthesized from vinylferrocene with N-(4-

methoxyphenyl)maleimide, N-(4-methylphenyl)maleimide, N-phenylmaleimide, N-

(4-acetylphenyl)maleimide, and N-(4-cyanophenyl)maleimide. The resulting 

copolymers were characterized by gel permeation chromatography, IR spectroscopy 

and NMR spectroscopy. Thermal characterization of the copolymers included DSC 

and TGA.  The copolymers were also characterized electrochemically by cyclic 

voltammetry in methylene chloride solutions and as a thin film in aqueous 

electrolytes.  As a thin film, each copolymer showed changes in oxidation potential 

with different electrolytes (NaCl, NaNO3, NaClO4, and Na2SO4).  These materials 

were also tested as biosensors for hydrogen peroxide and dopamine, and compared to 

polyvinyl ferrocene.  Each material exhibited similar sensitivity to hydrogen peroxide.  

However, differences were observed when sensing dopamine with the methoxy and 

nitrile derivatives being the most sensitive. 
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catalytic ability, and active redox reversibility, high thermal stability good solubility 

in organic media, versatility in the synthesis of derivatives, and reversible redox 

ability. For instance, azo-bridged ferrocene oligomers and polymers have been shown 

to be efficient electron mediators between ferrocene moieties and other monomers. 

They have exhibited reversible oxidation waves in cyclic voltammetry in CH2Cl2 or 

THF.12            

       There are also many applications of ferrocene polymers. Electrode coatings, 

electro catalysts, and anodes in batteries are well known. To change the oxidation 

potential of ferrocene, electron donors such as nitrogen, sulfur, phosphorus, or oxygen 

have been used and these materials are interesting for many applications. Ferrocene 

units which are incorporated in the polymer main chain or pendant to the backbone 

are useful in electrochemical studies. For example, poly(ferrocenylsilane) polymers 13 

and mixed valence ferrocene-ferricenium polymers14 are two examples of polymers 

containing ferrocene which have been extensively studied.  Additionally, strategies 

such as pendant to the polymer main chain or in hyper branched polymers have shown 

promise for a variety of applications such as batteries, electrode coatings, 

electrochemical sensors, and biosensors and bio-fuel cells.15   

1.2 Ferrocene Biosensors 

       A biosensor is a device that measures the change in concentration of 

biomolecules such as glucose, hydrogen peroxide, serotonin, or dopamine. Biosensors 

are moveable, simple to use, and high specific analytical tools, which are compatible 

with data-processing technologies. Therefore, pharmacy, health care, pollution 

monitoring, and food industries have used biosensors.16 There are many types of 

biosensors materials. In electrochemical anion sensors, ferrocene units were attached 

with secondary amides to the polymer. Glucose sensors have been fabricated using a 
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screen-printing technique, which incorporates enzymes and ferrocene into the 

biosensors. 17, 18, 19 In addition, a new type of amperometric hydrogen peroxide 

biosensor was fabricated using poly(glycidyl methacrylate-co-vinylferrocene) to 

immobilize horseradish peroxidase on a glassy carbon electrode. The hydrogen 

peroxide biosensor showed a fast response and the biosensor was very sensitive for 

H2O2. 
20 Also, using ferrocene encapsulated palladium (Pd)-linked organically-

modified sol–gel glass (ormosil) has been shown to be an effective electro catalytic 

dopamine biosensor. The CV results of these biosensors showed good peak separation 

and a linear relation between peak current and square root of scan rate, which are 

suggesting well behaved reversible electrochemistry by the ormosil encapsulated 

ferrocene. 21 

           In biosensor studies, redox active small ion molecules and redox active polymers 

have been used as well-known electron transfer mediators and electrochemical tags in 

biosensors. The polymers of these materials are also useful for mediator 

immobilization on an electrode surface. The most important materials of these are 

ferrocene and ferrocene polymers which are most commonly used in biosensors 

because of their high stability in redox reactions and easy derivative synthesis. 

Ferrocene derivatives are usually used on the electrode surface to build biosensors 

even though ferrocene derivatives can also work as media to transfer electrons. 22  

1.3 Project Rationale 

In this research work, we focused on the structure/electrochemical property 

relationship and thermal stability of alternating copolymers of various para substituted 

phenylmaleimides with vinylferrocene. By changing substituents on the phenyl ring, it 

was anticipated that changes to the polymer surface may result in greater selectivity to 

biomolecules such as peroxide or dopamine. The electrochemical behavior of 
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CHAPTER II 
 

 
 

2. EXPERIMENTAL 
 
 
 

2.1 Materials 
     All starting materials were commercially available unless otherwise stated. 

Azobisisobutyronitrile (AIBN) was recrystallized from methanol and dried under 

reduced pressure prior to use. Vinylferocene was synthesized by a Wittig reaction 

according to a literature procedure.12 Poly(vinylferrocene) was synthesized by free 

radical polymerization using AIBN as the initiator. Poly(vinylferrocene-co-N-

phenylmaleimide) was synthesized accorded to the reported method.23  Chloroform 

for GPC analysis were filtered/degassed through a 0.45 m PTFE membrane.  

2.2 Instrumentation   

       All NMR spectra were obtained using a Bruker DPX-300 spectrometer. Fourier 

transform infrared spectra (FT-IR) were obtained using a Perkin Elmer Spectrum 2 

Spectrometer. Gel permeation chromatography (GPC) measurements were taken using 

a JMDG-4 Waters 515 HPLC pump, a 2410 differential refractometer (Waters), set of 

one 300*7.8 mm phennogel 5 m column. Cyclic Voltammetry (CV) and 

Chronoamperometry (CA) measurements were carried out using a Gamry Interface 

1000 potentiostat with platinum (2 mm OD) working counter electrodes, and an Ag 
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pseudo or Ag/AgCl reference electrode. Thermal stabilities of the copolymers were 

determined using TGA-Q50 and DSC-Q100, both made by TA instruments. 

2.3 Synthesis of Copolymers 

 

2.3.1	Polymerzition	of	vinylferrocene	with	N‐(4‐methoxyphenyl)maleimide	
(Poly1) 

      To a round bottom flask, vinylferrocene (0.212 g , 100 mmol), N-(4-

methoxyphenyl)maleimide (0.20 g, 100 mmol),  AIBN (0.0038 g, 1 wt %), and 

chlorobenzene (2 ml) were added. The flask was purged with nitrogen, and heated at 

70ºC for 16 hours. The solution was allowed to cool to ambient temperature, diluted 

with CHCl3 (1.5 mL), and then added drop by drop to rapidly stirred methanol. The 

resulting precipitate was collected by suction filtration and dried at 70ºC under 

reduced pressure in a vacuum oven to give 0.30 g (73.17 % yield) of the copolymer. 

IR (solid, cm-1): 3050 (=C-H), 2950 (-C-H), 1750(C=O).1H- NMR (CDCl3, δ.ppm): 

4.5-3.8 (9H) 3.7-2.1 (7H). 13C -NMR (CDCl3, δ.ppm): 68, 78, 115, 130, 159, 177,179. 

 

2.3.2	Polymerzition	of	vinylferrocene	with	N‐(4‐methylphenyl)maleimide	
(Poly2)	

    The polymerization to give poly2 followed the procedure described for (2.3.1). The 

yield of the polymer was 0.28 g (71.79 %). IR (solid, cm-1): 3050 (=C-H), 2950 (-C-

H), 1750(C=O). 1H-NMR (CDCl3, δ.ppm): 4.6-3.8 (9H) 3.7-1.5 (9H). 13C-NMR 

(CDCl3, δ.ppm): 66, 68, 76, 126, 129, 131, 176, 177.  

 

2.3.	3	Polymerzition	of	vinylferrocene	with	N‐(4‐acetylphenyl)maleimide	
(Poly3) 

      The polymerization to give poly3 followed the procedure described for (2.3.1). 

The yield of the polymer was 0.37g (87.70 %). IR (solid, cm-1), 3050 (=C-H), 2950 (-
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C-H), 1750(C=O), 1730 (C=O).1H-NMR (CDCl3, δ.ppm): 3.4-4.5 (9H) 3.4-2.1 (7H), 

0.75-1.35 (3H).  13C-NMR (CDCl3, δ.ppm): 26, 37, 66, 77, 87, 112, 126, 128, 130, 

136, 176, 177, 196. 

   

2.3.4	Polymerzition	of	vinylferrocene	with	N‐(4‐cyanophenyl)maleimide	
(Poly4)	

      The polymerization to give poly4 followed the procedure described for (2.3.1). 

The yield of the polymer was 0.36 g (87.80 %). IR (Solid, cm-1), 3050 (=C-H), 2950 (-

C-H), 2250 (CN) 1750(C=O).  1H-NMR (CDCl3, δ.ppm): 3.4-4.5 (9H) 3.4-2.1 (7H), 

0.75-1.35 (3H). 13C-NMR (CDCl3, δ.ppm): 25, 27, 39, 46, 54, 68, 78, 111, 118, 127, 

172, 177.  

 

     2.3.5	Polymerzition	of	vinylferrocene	with	N‐(4‐phenyl)maleimide	(Poly5)	

 The polymerization to give poly5 followed the procedure described for (2.3.1). The 

yield of the polymer was 0.36 g (86.71 %). IR (solid, cm-1), 3050 (=C-H), 2950 (-C-

H), 1750(C=O).  1H-NMR (CDCl3, δ.ppm): 3.4-4.5 (9H) 3.4-2.1 (7H), 0.75-1.35 

(3H). 13C-NMR (CDCl3, δ.ppm): 25, 27, 39, 46, 54, 68, 78, 111, 118, 127, 172, 177.  

  

2.4 Preparation of electrodes  

For testing in methylene chloride:  

Electrochemical solutions were prepared by dissolving each polymer (1mM) 

and tetrabutylammonium hexafluorophosphate (100mM) as supporting electrolyte, in 

methylene chloride (CH2Cl2) (10 mL).  
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Cast film method:  

Chemical modified electrodes (CME) were prepared by casting from polymer 

solutions directly on the electrode surface. CHCl3 solutions of Poly1-5 (3 mg/mL) 

were micropipetted (2μL) onto electrodes then allowed to air dry for 15-20 min. The 

electrodes were then placed into various aqueous electrolyte solutions for 

electrochemical analysis, using a Pt counter electrode and Ag/AgCl reference 

electrode.  
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CHAPTER III 
 
 
 

3. RESULTS AND DISCUSSION 
 
 
 

3.1 Synthesis and Characterization of Copolymers 

       The Wittig synthesis of vinylferrocene was accomplished in 70.5% yield from 

ferrocene carboxaldehyde and methyltriphenylphosphonium bromide. 

Copolymerization of vinylferrocene with N-(4-methoxyphenyl) maleimide, N-(4-

methylphenyl) maleimide, N-phenylmaleimide, N-(4-acetylphenyl) maleimide, and 

N-(4-cyanophenyl) maleimide were accomplished using a literature procedure.12 

Copolymerization of vinylferrocene with each maleimide was performed in 

chlorobenzene with α,α-azobisisobutyronitrile (AIBN) as the initiator, giving good 

polymer yields (71.79 % - 87.8 %) (Schemes 3). GPC analysis of polymers 1-5 

showed that the Mw ranged from 6,350-83,600 and polydispersities (PD) ranged from 

3.9-24.2 (Table 1). For poly1 and poly2, Mws were somewhat low (6350 and 7295, 

respectively) suggesting that electron donating groups on the meleimide slows the 

propagation rate during the polymerization. In addition, PDs are relatively high but 

are not uncommon for vinylferrocene polymers.   
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3.2 Electrochemical Studies 

    3.2.1 CVs of polymers in CH2Cl2 

       Cyclic voltammetry (CV) for each polymer was performed in CH2Cl2 with 

tetrabutylammonium hexafluorophosphate (Bu4NPF6) as supporting electrolyte.  CV 

of each polymer was performed from -0.20 V to 0.60V at scan rates of 20, 40, 60, 80, 

and 100 mV/s. For each polymer, a greater current for reduction than for oxidation 

was observed which was consistent with polymer adsorption on the electrode surface. 

Redox potentials of each polymer where referenced to 1,1’-diaceetylFerrocene (0.54V 

vs. Fc/Fc+) the range of redox potentials of the polymers ranged from 0.45 to 0.49 V. 

(Table 1).  The redox potentials were close in values, suggesting that the various 

substituent on the phenyl moiety had little or no effect on the oxidation potential of 

the ferrocenyl moiety. However, the current scaled linearly with the square root of the 

scan rate according to Randles Sevcik equation. These results suggest that the 

electrochemical process was diffusion controlled and the polymer does not completely 

adsorb on the electrode surface (Figure 4.).  In addition, each of the polymers, showed a 

good current response, indicating that anions could flow freely into and out of the films 

(Figure 5.). 

 

Table 2. Redox potentials of Poly1-5 with CH2Cl2 and p-tetrabutylammonium 
hexafluorophsphate: 

 
X Poly E1/2 

-OCH3 -0.47 
-CH3 -0.47 
-H -0.48 

-COCH3 -0.46 
-CN -0.44 
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Figure 4. Current versus square root of scan rate for CV of Poly 1-5. 

 
 

 

Figure 5. CVs of Poly4 with CH2Cl2 and Bu4NPF6 at scan rates of 20, 40, 60, 80, 
and 100 mV/S using Pt working and counter electrodes and an Ag pseudo 

reference electrode 
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3.3.1.	Electrochemistry	of	chemically	modified	electrodes	in	aqueous	
electrolytes	

        Chemically modified electrods (CMEs) were prepared by casting from a CHCl3 

solution and air-drying for 15 min. CMEs were then placed in various aqueous 

electrolytes. CVs were then taken to determine the electrochemical response for each 

electrolyte. The CVs of a CME with poly1 are shown in Figure 6 and similar results 

were observed for poly2-5. Oxidation potentials (E1/2) ranged from 0.42 – 0.51 V 

(Table 2.). This type of behavior has been observed for other ferrocene containing 

polymers and is due to solvation of the anion. As an anion becomes more solvated, it 

is essentially larger and a greater potential is needed to force transport of the anion 

into the film upon oxidation. The lowest oxidation potential of the polymers was 

observed with NaClO4 indicating that it migrates into and out of the film easiest. 

Therefore, subsequent electrochemistry was performed using NaClO4 as the 

supporting electrolyte.  

 

Table 3.Redox potentials of chemically modified electrodes of Polymers prepared 
by solution cast films in various aqueous electrolytes (Na2SO4, NaCl, NaClO4, 
and NaNO3) 

Electrolyte OCH3 - 
E1/2 

CH3 - 
E1/2 

COCH3 - 
E1/2 

CN - 
E1/2 

H - 
E1/2 

Na2SO4 0.48 0.48 0.47 0.46 0.47 
NaCl 0.51 0.52 0.51 0.50 0.49 

NaClO4 0.42 0.42 0.43 0.41 0.42 
NaNO3 0.46 0.45 0.45 0.44 0.45 
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Figure 6. CVs of chemical modified electrodes on cast films of copolymers on 
platinum electrode in aqueous NaClO4 

 

 

3.3. Biosensor Studies 

3.3.1 H2O2 Testing with Chemically Modified Electrodes (CMEs) 

 In this study, chemically modified electrodes (CMEs) were tested with various 

amount of H2O2 and compared to polyvinyleferrocene (PVFc) to determine their 

potential as a H2O2 biosensor. CMEs were prepared by casting films onto a Pt 

electrode and placed in aqueous H2O2 at concentrations of 0, 0.25, 0.50, 0.75, or 1.0 

mM. The CVs of poly1 in the presence of H2O2 are shown in Figure 7. As the 

concentration of H2O2 was increased, an increase in the electrochemical response was 

observed. Similar behavior was observed for poly2-5. An increase in current with 

H2O2 concentration is consistent with other ferrocene containing polymers. However, 

when compared to PVFc, poly1-5 exhibited less current (Figure 8.). 

-4
-3
-2
-1
0
1
2
3
4
5
6
7

-0.10 0.10 0.30 0.50 0.70 0.90 1.10

C
ur

re
nt

 (
A

)

Potential (V)

-OCH3
-CH3
-H
-COCH3
-CN



   

19 
 

These results indicate that poly1-5 were less sensitive than PVFc suggesting that the 

ferrocene amount was the primary factor to sensitivity.  

 

 

Figure 7. CVs of chemical modified electrodes with cast films of Poly1 on Pt 
electrode in aqueous solution (NaClO4) with various concentrations of H2O2 

 
 

 

Figure 8. CVs of chemical modified electrodes with cast films of all copolymers 
on platinum electrode into aqueous solution (NaClO4) with 0.75 mM H2O2 
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3.3.2 Dopamine Biosensors with Chemically Modified Electrodes (CMEs): 
 

Biosensor studies with CMEs were also performed for the electrochemical sensing 

of dopamine. Initial studies focused on the CV response to various amounts of 

dopamine: 0, 10, 20, and 30 mM. CVs of poly1 versus dopamine concentration 

are shown in Figure 9. As dopamine concentration increased, an increase in 

current was observed indicating good sensitivity to dopamine. For comparison, the 

CV of each polymer and PVFc in the presence of dopamine (30 mM) is shown in 

Figure 10. In general, a greater amount of current was observed for each of the 

copolymers compared to PVFc. These results indicate that the amount of 

ferrocene is not the dominant factor. Even though the factors affecting dopamine 

sensitivity are not well understood, the maleimide moiety may change the 

morphology of the polymer or interact with dopamine to enhance sensitivity.  

        To quantify the polymer’s sensitivity, chronoamperometry was performed for 

each of the copolymers at various dopamine concentrations and the responses of 

poly1 to dopamine are shown in Figure 11. The CA curves were then integrated to 

obtain the amount of charge and the change plotted versus dopamine 

concentration (Figure 12).  For each copolymer, a linear response of charge versus 

dopamine concentration was observed, indicating good electrochemical response. 

The polymers that showed the greatest sensitivity to dopamine were poly1 and 

poly4. Since poly1 contains an electron rich methoxy moiety and poly4 contains 

an electron deficient nitrile, these results are not well understood. However, they 

may suggest that interactions with dopamine in its neutral form by poly1 or in its 

oxidized form by poly4 may facilitate sensitivity.  
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Figure 9. CVs of chemical modified electrodes on cast films of Poly1 on Pt 
electrode into aqueous solution (NaClO4) with Dopamine at various scans. 

 
 

 

Figure 10. CVs of chemical modified electrodes on cast films of all copolymers on 
Pt electrode into aqueous solutions of Dopamine (40 mM). 
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Figure 11. Poly1 (X= -OCH3) with Dopamine 

 

 

Figure 12. Integration CAs versus dopamine concentration for Poly1-5. 
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3.4 Thermal Gravimetric Analysis 

     Thermal Gravimetric Analysis of copolymers (TGAs) were recorded from room 

temperature to 700 °C at a temperature ramp of 10°C/min under nitrogen atmosphere 

(Figure 13). Thermal stability of each copolymer was determined at 10 % weight loss 

and ranged from 320 – 370°C. These stabilities were typical for ferrocene containing 

polymers. Char yields for the copolymers ranged from 22 to 38 % that was also 

typical for ferrocene polymers. 

 

Figure 13. Overlay Graph of all TGA polymers 

(TD-1= Poly1, TD-2= Poly2, TD-3= Poly3, TD-4= Poly4, TD-5= Poly5) 
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CHAPTER IV 
 
 
 

4. CONCLUSIONS 
 
 
 

      Five copolymers were synthesized according to a literature procedure.12 The 

polymers were prepared by copolymerization of vinylferrocene with various para 

substituted phenylmaleimides using AIBN as the initiator. Characterization by FT-IR, 

1H-NMR spectroscopy, and 13C-NMR spectroscopy of all polymers were consistent 

with the anticipated structures and polymerization yields of 70-80% were obtained.  

     Chemically modified electrodes were prepared by depositing each polymer onto an 

electrode by casting from solution. CVs showed a dependency of redox potential 

versus electrolyte: NaCl, NaNO3, NaClO4, and Na2SO4. Cyclic voltametry (CV) for 

each polymer was performed in CH2Cl2 with tetrabutylammonium 

hexafluorophosphate as supporting electrolyte. The redox potentials were close in 

values, suggesting that substituents have little to no effect on the oxidation potential 

of the ferrocene. The electrochemistry of copolymer thin films showed good current 

response indicating that anions could flow freely into and out of the films. CMEs 

were tested with various amounts of H2O2 and compared to polyvinyleferrocene. As 

the concentration of H2O2 increased, an increase in electrochemical response was 

observed for each polymer. However, Poly1-5 were less sensitive than PVFc, 

suggesting that the ferrocene amount is the primary factor to sensitivity.  
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           Biosensor studies using CMEs were also performed with dopamine. As 

dopamine concentration increased, an increase in current was observed, indicating 

good sensitivity to dopamine. A greater charge was observed for each of the 

copolymers compared to PVFc, suggesting that the amount of ferrocene is not the 

dominant factor. The maleimide moiety may change the morphology of the polymer 

or interact with dopamine to enhance sensitivity. The polymers that showed the 

greatest sensitivity to dopamine were Poly1 and Poly4. These results suggest that 

interactions with the maleimide moiety may facilitate sensitivity. For TGA, thermal 

stability of each copolymer was determined at 10 % weight loss and ranged from 320 

– 370 °C. These stabilities were typical for ferrocene containing polymers. Char 

yields for the copolymers ranged from 22 to 38 % that was also typical for ferrocene 

polymers.  
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SUPPLEMENTAL LISTS 

Figure S1.  FTIR Spectrum of Vinylferrocene 
 

32 

Figure S  .2  FTIR spectrum of Poly1 
 

33 

Figure S3.  FTIR spectrum of Poly3 
 

34 

Figure S4.  FTIR spectrum of Poly4 
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Figure S5. FTIR spectrum of Poly5 
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Figure S6. 13C-NMR spectrum of Vinylferrocene 
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Figure S7. 1H-NMR Spectrum of Poly1 
 

37 

Figure S8. 1H-NMR spectrum of Poly3 
 

38 

Figure S9. 1H-NMR spectrum of Poly4 
 

38 

Figure S10. 1H-NMR spectrum of Poly5 
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Figure S11. 13C-NMR spectrum of Poly1 
 

39 

Figure S12. 13C-NMR spectrum of Poly3 
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Figure S13.  13C-NMR spectrum of Poly4 
 

40 

Figure S14.  GPC graphs for all copolymers  
 

41 

Figure S15.  Poly1 GPC (Mn=1478 g/mol, Mw =6350 g/mol) 
 

42 

Figure S16.  
 

Poly1 Molecular weight distribution 42 

Figure S17.  Poly2 GPC (Mn=1867 g/mol, Mw =7295 g/mol) 
 

43 

Figure S18.  Poly2 Molecular weight distribution 
 

43 

Figure S19.  Poly3 GPC (Mn=3447 g/mol, Mw =78829 g/mol) 
 

44 

Figure S20.  Poly3 Molecular weight distribution 
 

44 

Figure S21.  Poly4 GPC (Mn=3774 g/mol, Mw =37796 g/mol) 
 

45 

Figure S22.  Poly4 Molecular weight distribution 45 

Figure S23.  Poly5 GPC (Mn=3454 g/mol, Mw =83596 g/mol) 
 

46 
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Figure S24.  
 

Poly5 Molecular weight distribution 46 

Figure S25. CVs of Poly1 with CH2Cl2 and Bu4NPF6 at scan rates of 20, 
40, 60, 80, and 100 mV/S using Pt working and counter 
electrodes and a Ag pseudo reference electrode 

47 

Figure S26. CVs of Poly2 with CH2Cl2 and Bu4NPF6 at scan rates of 20, 
40, 60, 80, and 100 mV/S using Pt working and counter 
electrodes and a Ag pseudo reference electrode 

47 

Figure S27. CVs of Poly 3 with CH2Cl2 and Bu4NPF6 at scan rates of 20, 
40, 60, 80, and 100 mV/S using Pt working and counter 
electrodes and a Ag pseudo reference electrode 

48 

Figure S28. CVs of poly5 with CH2Cl2 and Bu4NPF6 at scan rates of 20, 
40, 60, 80, and 100 mV/S using Pt working and counter 
electrodes and a Ag pseudo reference electrode 

48 

Figure S29. CVs of Poly1 in H2O with various aqueous electrolytes 
(Na2SO4, NaCl, NaClO4, NaNO3) 

49 

Figure S30. CVs of Poly2 in H2O with various aqueous electrolytes 
(Na2SO4, NaCl, NaClO4, NaNO3) 

49 

Figure S31. CVs of Poly3 in H2O with various aqueous electrolytes 
(Na2SO4, NaCl, NaClO4, NaNO3) 

50 

Figure S32. CVs of Poly4 in H2O with various aqueous electrolytes 
(Na2SO4, NaCl, NaClO4, NaNO3) 

50 

Figure S33. CVs of Poly 5 in H2O with various aqueous electrolytes 
(Na2SO4, NaCl, NaClO4, NaNO3) 

51 

Figure S34. CVs of chemical modified electrodes on cast films of Poly2 
on Pt electrode into aqueous solution (NaClO4) with various 
concentrations of H2O2 

51 

Figure S35. CVs of chemical modified electrodes on cast films of Poly3 
on Pt electrode into aqueous solution (NaClO4) with various 
concentrations of H2O2 

52 

Figure S36. CVs of chemical modified electrodes on cast films of Poly4 
on Pt electrode into aqueous solution (NaClO4) with various 
concentrations of H2O2 

52 

Figure S37. CVs of chemical modified electrodes on cast films of Poly5 
on Pt electrode into aqueous solution (NaClO4) with various 
concentrations of H2O2 

53 

Figure S38. CVs of chemical modified electrodes on cast films of PVFc 
on Pt electrode into aqueous solution (NaClO4) with various 
concentrations of H2O2 

53 

Figure S39. CVs of chemical modified electrodes on cast films of Poly2 
on Pt electrode into aqueous solution (NaClO4) with 
Dopamine at various scans. 

54 

Figure S40. CVs of chemical modified electrodes on cast films of Poly3 
on Pt electrode into aqueous solution (NaClO4) with 
Dopamine at various scans. 

54 

Figure S41. CVs of chemical modified electrodes on cast films of Poly4 
on Pt electrode into aqueous solution (NaClO4) with 
Dopamine at various scans. 

55 
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Figure S42. CVs of chemical modified electrodes on cast films of Poly5 
on Pt electrode into aqueous solution (NaClO4) with 
Dopamine at various scans. 

55 

Figure S43. CVs of chemical modified electrodes on cast films of PVFc 
on Pt electrode into aqueous solution (NaClO4) with 
Dopamine at various scans 

56 

Figure S44. CA of Poly4 (X= -CN) with Dopamine 56 

Figure S45. CA of Poly3 (X= -COCH3) with Dopamine 57 

Figure S46. CA of Poly4 (X= -H) with Dopamine 
 

57 

Figure S47. CA of Poly2 (X= -CH3) with Dopamine 
 

58 

Figure S48. TGA of Poly1: X=OCH3.  59 

Figure S49. TGA of Poly2: X=CH3 60 

Figure S50.   TGA of Poly3: X=COCH3 61 

Figure S51. TGA of Poly4: X= CN 62 

Figure S52. TGA of Poly5: X= H 63 
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Gel permeation chromatography (GPC) measurements 

 

 

Figure S14. GPC graphs for all copolymers  

{Poly1 (-OCH3), Poly2 (-CH3), Poly3 (-COCH3), Poly4 (-CN), Poly5 (-H)} 
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Figure S15. Poly1 GPC (Mn=1478 g/mol, Mw =6350 g/mol) 

 

 

Figure S16. Poly1 Molecular weight distribution 
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Figure S17. Poly2 GPC (Mn=1867 g/mol, Mw =7295 g/mol) 

 

 

 

Figure S18. Poly2 Molecular weight distribution 
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Figure S19. Poly3 GPC (Mn=3447 g/mol, Mw =78829 g/mol) 

 

 

 

Figure S20. Poly3 Molecular weight distribution 
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Figure S21. Poly4 GPC (Mn=3774 g/mol, Mw =37796 g/mol) 

 

 

Figure S22. Poly4 Molecular weight distribution 
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Figure S23. Poly5 GPC (Mn=3454 g/mol, Mw =83596 g/mol) 

 

 

 
Figure S24. Poly5 Molecular weight distribution 
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Figure S13. CVs of Poly1 with CH2Cl2 and Bu4NPF6 at scan rates of 20, 40, 

60, 80, and 100 mV/S using Pt working and counter electrodes and a Ag 
pseudo reference electrode 

 
 

 
 
                   
        Figure S26. CVs of Poly2 with CH2Cl2 and Bu4NPF6 at scan rates of 20, 
40, 60, 80, and 100 mV/S using Pt working and counter electrodes and a Ag 

pseudo reference electrode 
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       Figure S27. CVs of Poly 3 with CH2Cl2 and Bu4NPF6 at scan rates of 20, 40, 
60, 80, and 100 mV/S using Pt working and counter electrodes and a Ag pseudo 

reference electrode 
 

   

   Figure S28. CVs of Poly5 with CH2Cl2 and Bu4NPF6 at scan rates of 20, 40, 60, 
80, and 100 mV/S using Pt working and counter electrodes and a Ag pseudo 

reference electrode 
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Figure S29. CVs of Poly1 in H2O with various aqueous electrolytes (Na2SO4, 
NaCl, NaClO4, NaNO3) 

 
 

 

 

Figure S30. CVs of Poly2 in H2O with various aqueous electrolytes (Na2SO4, 
NaCl, NaClO4, NaNO3) 
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Figure S31. CVs of Poly3 in H2O with various aqueous electrolytes (Na2SO4, 
NaCl, NaClO4, NaNO3) 

 

 

Figure S32. CVs of Poly4 in H2O with various aqueous electrolytes (Na2SO4, 
NaCl, NaClO4, NaNO3) 
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Figure S33. CVs of Poly5 in H2O with various aqueous electrolytes (Na2SO4, 
NaCl, NaClO4, NaNO3) 

 

 

 

 

 

Figure S34. CVs of chemical modified electrodes on cast films of Poly2 on Pt 
electrode into aqueous solution (NaClO4) with various concentrations of H2O2 
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Figure S35. CVs of chemical modified electrodes on cast films of Poly3 on Pt 
electrode into aqueous solution (NaClO4) with various concentrations of H2O2 

 

 
Figure S36. CVs of chemical modified electrodes on cast films of Poly4 
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Figure S37. CVs of chemical modified electrodes on cast films of Poly5 
on Pt electrode into aqueous solution (NaClO4) with various 

concentrations of H2O2 

 

  

Figure S38. CVs of chemical modified electrodes on cast films of  PVFc 
on Pt electrode into aqueous solution (NaClO4) with various 

concentrations of H2O2 
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Figure S39. CVs of chemical modified electrodes on cast films of Poly2 on Pt 
electrode into aqueous solution (NaClO4) with Dopamine at various scans. 

 
 
 

  
 

Figure S40. CVs of chemical modified electrodes on cast films of Poly3 on Pt 
electrode into aqueous solution (NaClO4) with Dopamine at various scans. 
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Figure S41. CVs of chemical modified electrodes on cast films of Poly4 on Pt 
electrode into aqueous solution (NaClO4) with Dopamine at various scans. 

 

 

 

Figure S42. CVs of chemical modified electrodes on cast films of Poly5 on Pt 
electrode into aqueous solution (NaClO4) with Dopamine at various scans. 
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Figure S43. CVs of chemical modified electrodes on cast films of PVFc on Pt 
electrode into aqueous solution (NaClO4) with Dopamine at various scans. 
 

 

 

Figure S44.  Poly4 (X= -CN) with Dopamine 
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Figure S45. CA of Poly3 (X= -COCH3) with Dopamine 

 

 

 

Figure S46. CA of Poly4 (X= -H) with Dopamine 
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Figure S47. CA of Poly2 (X= -CH3) with Dopamine 
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Figure S48. TGA of Poly1: X=OCH3 
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Figure S49.  TGA of Poly2: X=CH3 
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Figure S50.  TGA of Poly3: X=COCH3 
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Figure S51. TGA of Poly4: X= CN 
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Figure S52. TGA of Poly5: X= H 
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