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OFET vs. Electrolyte Gated OFET
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The MemFET
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PTFE:PFSA (Nafion) polyelectrolyte membrane:

Immobile polyanion
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Membrane features:

� Counter-ion covalently bound to base-polymer → Immobile.
� Thick and self-supportive (50 -150 µm).
� Chemical resistance.
� Layers can be applied both on top and underneath.
� Multifunctional properties.

N. J. Kaihovirta, C.-J. Wikman, T. Mäkelä, C.-E. Wilén, R. Österbacka, Adv. Mater. 2009, 21, 2520.
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Hydrous Electrolytes Cause Degradation by 
Oxidation

Proposed degradation mechanism for P3HT

Water electrolysis bad for OFETs!

N. Kaihovirta, H. Aarnio, C.-J. Wikman, C.-E. Wilén, R. Österbacka, Adv. Funct. Mater. 2010 accepted.

Carboxylic acids
O

U. Barsch, F. Beck, Electrochim. Acta 1996, 41, 1761.
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Sterically Hindered Phenolic Antioxidants

4,4´-Methylenebis(2,6-di-tertiary-butylphenol)

OC

O O

C

O

C

OH +
OOR

OHOR

Stabilized by the resonance structure.

Easily abstractable H.

1) Enhance H-donor ability.
2) Prevent further reaction 

of the phenoxy radical.

[1] R. F. Grossman, in Polymer Modifiers and Additives, J. T. Lutz, Jr., R. F. Grossman (Eds.), 
Marcel Dekker, Inc., New York, NY, USA 2001 pp. 1-34.
[2] H. Harada, T. Fuchigami, T. Nonaka, J. Electroanal. Chem. 1991, 303, 139.
[3] N. Ljungqvist, T. Hjertberg, Macromolecules 1995, 28, 5993.

Stabilization mechanism for sterically hindered phenolic antioxidant

Sterically Hindered Phenolic Antioxidants: Well known for protecting polyolefins against 
degradation [1].
� Have earlier been proposed to inhibit oxidative degradation of conjugated polymers [2,3].
� However, the conclusions have been ambiguous. 

Stabilized by the resonance structure.



Sterically Hindered Phenolic Antioxidants
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VT

Ion

Ioff

prop. to (µCi)1/2

-3 -2 -1 0 1

10-7

10
-6

10
-5

 V
g
/ V

-I
d
/ 

A

100th
1st

 V
d
 = -1.5 V

P3HT + Antioxidant

-3 -2 -1 0 1
0.0

2.0

4.0
(I
d
)1

/2
/ 
1

0
-3
 A

1
/2

V
g
/ V

100th

50th

1st

N. Kaihovirta, C.-J. Wikman, H. Aarnio, C.-E. Wilén, R. Österbacka, 2010 submitted.
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Note! VT increases → More electric potential required to turn on the transistor ↔ Disrupted conjugation!

Moisture consumed → Membrane dries out → Ci decreases!



Sterically Hindered Phenolic Antioxidant
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MemFETs statically biased for 12 hours.
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Conclusions

�Electrolyte gated OFETs provide high
performance at low voltages (< 3 V).

�Above a certain threshold voltage the hydrous
electrolyte gated OFETs degrade by oxidation.electrolyte gated OFETs degrade by oxidation.

�Sterically hindered phenolic antioxidants protect
conjugated polymers from oxidative degradation.
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