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City of Recife,
Capital of the State of Pernambuco
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Soft Matter: a large number of possibilities

   Phase Diagram

• polymers

• colloids

• surfactants
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Conducting 

Polymers
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Conducting polymers as promising materials for:

• OLEDs
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Conducting polymers as promising materials for:

• electromechanical actuators (“artificial muscles”)

• microfluidics: pumps, sphincters, ...
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Conducting polymers as promising materials for:

• “electronic nose” type of instruments 

The resistivity of a polymeric film changes
after exposure to a vapor:

 Use as gas sensors
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• electrochemical polymerization
• polymerization by vapor phase technique 
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Self-assembly of complex structures
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Colloidal Systems
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Colloidal Emulsions

and Dispersions

Size distribution of the particles
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Surfactants



polymeric nanostructures

“as different as oil and water”

• water and oil (fat) do not mix
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Amphiphilic molecules
• ‘water-loving’ and ‘water-hating’ moieties
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Surfactants are tensoactive molecules
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Oil in water:
More complex structures can be formed
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The interior of the micelles
as a differentiated  micro (or nano?) environment
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A complex diagram of possibilities
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• critical micellar concentration (cmc)

• critical micellar temperature (cmT)

•Krafft point: the triple point where crystals,
monomers and micelles co-exist
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Electrical 
Impedance 

Spectroscopy

(EIS)
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• EIS: a spectroscopy very suitable

to the analysis of polymeric systems
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• different degrees of configurational freedom

of a polymeric chain
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 EIS:
a 3D map of the electrical response of colloidal systems
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Critical 
Micellar

Concentration

(cmc)
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• cmc as a structural phase transition
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• the absorption (removal) of contaminants in the 
interior of micelles when c > cmc
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• cmc: a very important parameter
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• EIS as a competitive technique

for the determination of the cmc in different systems
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Figura 6 –Z’(f=1 MHz) do alaranjado 
de metila a diferentes concentrações. 
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• EIS as a competitive technique
for the determination of the cmc in different systems
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Metallic
Colloidal

Suspensions
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An ancient technique

The beautiful colors of medieval stained glasses
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Nanostructures: quantum confinement effects
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Synthesis

MPS/
EtOH

N
H
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Luminescence Matrices
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Principal Components Analysis
PCA - SCORES
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Intensity
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PPy/PVA/AuNp film excitation in 260 nm

It is possible to tune the position
and the intensity of the photoluminescence 

PPy/PVA/AuNp film
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Magnetic Colloids
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Preparation of the Surfactant-PPY micelles  
• Use a standard surfactant (Lutrol F68, a block 
copolymer of polyethylene and polypropylene glycol).

• After pyrrole is introduced into the solution, it can 
become incorporated into the micelles by 
energetic stirring.

• When ferric chloride (an oxidant) is introduced in the 
medium, polymerization begins both inside and 
outside the micelles.

• It is possible to separate the polymeric chains 
dispersed in the solution, leaving only the PPY chains 
trapped inside the micelles.
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Polymerization also occurs inside the micelles

(emulsion polymerization)
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Advantages of emulsion polymerization include:
• The water phase allows the heat to be removed 

from the system

increase in the rate of many reaction methods

• Polymer molecules are contained within the 
particles  viscosity does not depend on molecular 
weight and remains close to that of water 

• No need to alter or further process the final product, 
that  can be used as obtained 
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Lutrol-PPY samples  
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Lutrol-PPY samples:

effect of introducing PVA  
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Introduction of PVA into the solution
limits the range of variation of the 

impedance of the Lutrol-PPY solutions
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PVA films containing
Lutrol-PPY nanoparticles

SEM images
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• To obtain the iron nanoparticles, we have used 
NH4OH (ammonium hydroxide), FeCl3.6H2O (ferric 
chloride hexahydrate) and FeSO4.7H2O (ferrous 
sulfate heptahydrate).

• Under a N2 atmosphere and by controlling the pH, 
the Fe nanoparticles are formed and can be 
magnetically separated from the solution.

• The magnetic particles can are incorporated into the 
micelles using the methods described before for 
the pure Lutrol-PPY case.

Preparation of the micelles
with a magnetic core  
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Preparation of Lutrol-PPY micelles
with a magnetic core 

Samples were 
prepared with 
a balance
between
the amount
of PPY and Fe
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 Lutrol-PPY nanoparticles
with a magnetic core
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 Lutrol-PPY nanoparticles
with a magnetic core

 SEM images for samples with a significant amount of PPY
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 Lutrol-PPY nanoparticles
with a magnetic core

 SEM images:
significant change in shape when amount of PPY is reduced
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Surfactant-PPY nanoparticles
with a magnetic core
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Possible Applications:
Cleaning up of chemical spillages

Magnetic Separation
Chemical

spill
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Surfactant-PPY nanoparticles

• Lutrol-PPY micelles:
 samples with “tunable” conducting properties

(as measured by the impedance level)

• Lutrol-PPY micelles in the presence of PVA:
 the range of impedance variation is more limited
 it is possible to obtain solid films

• Introduction of magnetic iron nanoparticles:
 balance between metallic and dielectric 
properties
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Possible Applications:

Cleaning up of chemical spillages

Possible uses of water-based micellar systems containing 
polymers and metallic nanoparticles: 

• anti-corrosive protection

• electromagnetic shielding (“stealth technologies”)

• use in medical diagnosis
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Possible Applications:
Cleaning up of chemical spillages
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Application

for systems

of biological interest
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USE OF POLYANILINE 
NANOPARTICLES
IN ALL-POLYMER 

ELECTRONICS
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Micro (and nano) fluidics
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How to connect the all-polymer circuit

to the external world?

Microfluidics
can be used
for the
preparation
of Au nanowires
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PAN nanowires in a dielectric matrix

PAN ‘wíres’ 

dielectric matrix PAN ‘wells’ 
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Emulsion polymerization methods allow the 
preparation of micelles containing conducting 
polymers and metallic nanoparticles

 Such systems can find application in:

• anti-corrosive protection

• electromagnetic shielding (“stealth technologies”)

• medical diagnosis

• environmental site remediation

• spectral control



polymeric nanostructures
Summary:

 composite polymeric nanostructures:

 hybrid organic-inorganic systems

 materials with controlled degree of conductivity

 biological systems

 composite polymeric nanostructures appear as 
promising materials for:

 OLEDs

 mechanical actuators

 electronic noses
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