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Solid State Polymerization
P l di t lPolydiacetylenes
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Polythiazyl (SNx)Polythiazyl (SNx)
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Electron micrograph of a smooth area of an SN Cr stalElectron micrograph of a smooth area of an SNx Crystal
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First and Only Superconducting Polymer
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Traditional Synthetic Methods of PEDOT
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Traditional Synthetic Methods of PEDOT
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PEDOT via Solid statePEDOT via Solid-state 
Polymerization
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A Facile Solid-state Synthesis of PEDOT
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Non Polymerizing Melt

QuickTime™ and a
H.264 decompressor

are needed to see this picture.

(120 ti f t th th l ti )
21Ramp to 100 oC, heat 100-150 oC at 10 deg/min,  hold 150 oC, total time 100 min

(120 times faster than the real time)



Microscopy of Solid State Polymerization

QuickTime™ and a
H.264 decompressor

are needed to see this picture.

(480 times faster than the real time) (240 times faster than the real time)

Hold at 87 oC, 1 h Hold at 92 oC, 1 h
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T lTwo year sample
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A Facile Solid-state Synthesis of 
PEDOTPEDOT
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A Facile Solid-state Synthesis of 
PEDOT
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A Facile Solid-state Synthesis of 
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A Facile Solid-state Synthesis of 
PEDOT

---13C NMR
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A Facile Solid-state Synthesis of 
PEDOT

  
Conductivity of solid-state polymerized PEDOT

FeCl3 
polymerized

---Conductivity

 Conductivity of solid-state polymerized PEDOT polymerized 
PEDOT 

Sample a) A B C D 0-5 oC 

Reaction time 2 years b) 24 h 4 h 24 h 24 h 

Crystals / fibers 80 S/cm 33 S/cm 20 S/cm NA NA 

Pellets as synthesized 30 S/cm 18 S/cm 16 S/cm 0.1 S/cm NA 

Pellets after I2 doping 53 S/cm 30 S/cm 27 S/cm 5.8 S/cm 7.6 S/cm 

Thin films NA 23 S/cm NA NA NA 

Thin films after I2 NA 48 S/cm NA NA NA 
doping 

 a) Conversion temperature A = ca. 20 oC, B = 60 oC, C = 80 oC, D = 120 oC
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b) The monomer was stored in a closed jar for 2 years at room temperature (ca. 20 oC)



A Facile Solid-state Synthesis of PEDOT
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A Facile Solid-state Synthesis of PEDOT

O O

Br Br

---Monomer Crystal Packing

S
Br Br

The closest neighboring Br - Br 
distance (3.45 Å) is shorter than the 

sum of the Van der Waals radii (3.6 ---
4.0 Å)

a = 25.27 Å, b = 5.01 Å, c = 15.67 Å

α  90 ο  β  123 96 ο  γ  90 ο
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α= 90 ο, β = 123.96 ο, γ = 90 ο

Monoclinic



A Facile Solid-state Synthesis of PEDOT
---Monomer Crystal Packing

O O

S
I I

The closest neighboring I - I distance 
(3.73 Å) is shorter than the sum of Van ( )

der Waals radii (4.10 Å)

a = 11.43 Å, b = 4.90 Å, c = 15.93 Å

α= 90 ο, β = 96.40 ο, γ = 90 ο
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A Facile Solid-state Synthesis of PEDOT
O O

Cl Cl

---Monomer Crystal Packing

S
Cl Cl

The closest neighboring Cl - Cl 
distance (3 58 Å) is longer than thedistance (3.58 Å) is longer than the 
sum of Van der Waals radii (3.40 Å)

a = 5.11 Å, b = 7.80 Å, c = 20.31 Å

α= 90 ο, β = 93.75 ο, γ = 90 ο
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α  90 , β  93.75 , γ  90 

Monoclinic



A Facile Solid-state Synthesis of PEDOT
---Conducting Thin Film Preparation

The average surface resistance:

Glass substrate: 2.1 x 103 Ω/ (Film 
thickness: 2700 Å)

Plastic substrate: 3.6 x 103 Ω/ (Film 
thickness: 1300 Å))

Surface conductivity: > 200 S/cm.
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Other Thiophene Derivatives
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Conclusion

• PEDOT synthesized by solid-state polymerization (SSP)

• Polymerization appears to involve radical intermediates

• Monomer crystal packing favors the solid-state reaction cf
DIEDOT and DBEDOT vs DClEDOT

• The reaction is first-order with Ea ca 27 kcal/mole

• The solid-sate polymerization can be applied to the
fabrication of conducting thin films on insulating substrates
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• The solid-sate polymerization appears to be generally applicable to

electron rich dibromothiophenes
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Monomer Synthesisy

O O O O

2) I2 - 78 oC, then RT 2 h

THF, RT then reflux 1 h
1) 2.5 mole n-BuLi

O O O OS

S S II
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) 2 ,
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S BrBr
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CHCl3/AcOH
5 - 10 oC, 8 h

O O O ONCS

CHCl /A OH

DBEDOT

S S ClCl
DClEDOT

CHCl3/AcOH
5 - 10 oC, 8 h
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