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Environmental Sensor - Paraquat

Paraquat , Methyl Viologen, is one of 
the top three herbicides in use.

www.paraquat.com

Paraquat disintegrates the cell 
membranes and tissues of green plants.

Controversy over the Environmental 
Impact of Paraquat

OH

OH
NH2

Biological Sensor - Dopamine

Electroactive Materials

DA is electrochemically active - the 
development of an electrochemical 
method that is capable of sensing DA
is important.

Electrochemcial detection suffers from 
interference (from Ascorbic Acid (AA) 
and Uric Acid (UA).  Typical 
concentrations of AA is 10-4 to 10-3

mol dm-3 while  DA (10-7 to 10-5 mol 
dm-3).

N+ CH3N+H3C

Preparation of Materials
Supramolecular Approach – Neutral Cyclodextrin

b-cyclodextrin - seven glucose units.

Conical structure - hydrophobic 
internal cavity - a hydrophilic exterior 
cavity
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Oxidation Potential
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Anionic CD is a Weak Electrolyte

Preparation of Materials
Supramolecular Approach – Anionic Cyclodextrins

R = Anionic Group Na+

SO O

O

O-

Large Anionic Dopant:  Dodecyl sulfate (SDS)
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Polypyrrole – doped 
with Anionic CD
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Oxidation Potential
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Formation of CD-doped Polypyrrole

Neutral CD

Anionic 
CD
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Decomposition of CD

Characterisation- Evidence for the presence of the CD

DSC (differential scanning 
calorimetry) was used to confirm the 
presence of the CD in the polypyrrole 
films.

On reducing the Ppy films the CD 
remained (immobile).

Incorporated 
CD - PpyCD

Endothermic Peak at about 250 
oC is clear confirmation of the 
presence of the CD
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Characterisation - Cation Exchange Properties of the PPy-CD Films
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Sensing of Dopamine
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CD-doped Polypyrrole in  1 x 10-4 mol 
dm-3 DA with supporting electrolyte — is 
the 1st cycle and — is the 10th cycle.

Cyclic voltammograms of the CD-doped polypyrole in 
— 5.0 x 10-3 mol dm-3 AA and — 5 x 10-4 mol dm-3 DA and       UA.

Interference in the Presence of Ascorbic and Uric Acids
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R2 = 0.999
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Calibration Curve & Sensitivity - DPV

Linear signal from 1.0 x 10-5 M to 7.0 x 10-4 M

Lowest Concentration - 1.0 x 10-5 M

Attempts to Increase Sensitivity: Influence of Formation Potential
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Optimum Potential for growth of the doped polypyrole is 0.8 to 0.9 V

Increasing Potential 
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Optimum Charge is about 0.03 C 
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Lowest detectable concentration of dopamine with optimized formation potential 
and polymer thickness – approx. 8.0 x 10-6 M 

Influence of Polymer thickness 

Sensing Properties of PPyCD for Methy Viologen, MV
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Detection of MV at PPyCD
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Electrochemistry of MV at Gold

MV 0 ®®®® MV +

MV + ®®®® MV 0
MV 2+ ®®®® MV +

MV + ®®®® MV 2+

N+ CH3N+H3CMV 2+
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Cyclic Voltammetry Differential Pulse Voltammetry

Good Linear Response – Detection limit with DPV approximately 0.005 mM
PPyCD gives higher detection limits

Methyl Viologen (Paraquat)

PPYSDS
PPYCD

PPYSDS
PPYCD

To Probe the Mechanism of Detection & Account for 
the Selectivity in the detection of Dopamine

•Electrochemistry Measurements

•Spectrophotometric Measurements

•NMR for Structural Determinations



Evidence for an Inclusion Complex- Dopamine
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A Decrease in the Diffusion Coefficient & 
an increase in the potential at which dopamine is oxidised–

Evidence for An Inclusion Complex

Variations in CD concentration 
with 5.0 x 10-4 M Dopamine

2.0 x 10-2 M CD solution with 
5.0 x 10-4 M Dopamine solution

RDE Data Analysis

(F/RT){( E1/2app- E 1/2 f)} =

ln(1 + K [b-CD]) + ln (Dc/Df)1/2

Inclusion Stability Constant, 
K, = 660 M-1



Inclusion Stability Constant, K, = 670 M-1

1/A = 1/(eeee[G0] K [CD]) + 1/ (eeee[G0])

3.95

4.00

4.05

4.10

4.15

4.20

4.25

4.30

4.35

100 200 300 400 500 600

1/[CD]

1/
A

Evidence for an Inclusion Complex- UV-Vis Spectrophotometric

Evidence for an Inclusion Complex - NMR

----- CD

----- Dop+CD

----- Dopamine

NMR Analysis



----- Dop +CD
----- Dopamine
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Proposed Structure – Inclusion Complex 

• As there is no movement of the proton H - this proton is not found inside the Cavity

H

H

H



Evidence of Inclusion Formation between CD 
and Paraquat (PQ)

Reduction Wave lowered in current and shifted to 
lower potentials 

PQ
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3-dimensional polymeric network capable of imbibing water or biological fluids 
while maintaining their basic structure.

Can control the release of drugs by changing the gel structure according to 
environmental stimuli.

Polypyrrole is a well known as an actuator and its volume can be controlled using 
electrochemical stimuli.

Concept:Concept:

Hydrogel

Polypyrrole

Drug 
Release

Materials for the Controlled Delivery of Drugs
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Monomer: Acrylamide

Cross linker: N, N' methylenebisacrylamide

Free radical catalyst: Ammonium persulfate

Activator: N, N, N', N' tetramethylethylenediamine
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Hydrogel formed around a Pt wire electrode.

Formation of the Materials

(1) Formation of the Hydrogel
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• Hydrogel presoaked in pyrrole containing solution e.g. 0.5 mol dm-3 pyrrole and 1.0 mol dm-3

supporting electrolyte.

• Pyrrole polymerized at 0.70 V/SCE. 

(1) Formation of the Polypyrrole-hydrogel Composite

Formation of the Materials



Formation of the Materials

Polypyrrole
Hydrogel 
Composite

Hydrogel 
Hydrogel Formation on a Metal Surface

Electroactivity of Hydrogel Encapsulated Electrodes
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Polypyrrole Hydrogel

Polypyrrole-Hydrogel
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—— rehydrated once and —— dehydrated 
and rehydrated three times in 0.2 mol dm-3

salicylic acid. 

Salicylate released at 0.8 V/SCE into saline 
solution.
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Incorporation & Release of Drug Molecules
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Conclusions

Polypyrrole can be easily modified with Anionic Cyclodextrins which 
are permanently anchored in the film.

Cyclodextrin-doped polypyrrole films can sense Dopamine and Paraquat 
(MV) and the sensors have good stability, sensitivity and selectivity.

Polypyrrole-Hydrogel Composite Materials are easy to synthesise and 
show promise in releasing drugs in a controlled manner.
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