
 
Thermoelectric properties 
of PEDOT nanocomposites 

with electrochemically 
tuned oxidation state 

 
 

Daniela Galliani 
PhD Student 

University of Milano-Bicocca 
Material Science Department 

 

 

 

 

14th EUROPEAN 

CONFERENCE ON 

THERMOELECTRICS  
 



2 
B. Russ, et al. Nat. Rev. Mater., 2016, 1, 16050. 

Poly(3.4-ethylendioxythiophene) 

PEDOT 

S  (μVK-1): Seebeck coefficient 
σ (Scm-1): electrical conductivity 
k (Wm-1K-1): thermal conductivity 

𝑍𝑇 =
𝑆2𝜎

𝑘
𝑇 

PF (μWK-2m-1) 

 
 
 

Interesting Features 
 

•Low thermal conductivity 
•Medium-high electrical conductivity 

•Easy processability 
•Tunable electronic properties 

•Adaptability to flexible substrate 
•Environmental stability 
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Secondary 

Dopants 

Treatment 

Oxidation 

Level Tuning 

Counterion 

Variation 

Nanostructuration 

Inorganic 

Material 

Inspired 

Strategies 

nm 

charge 
transfer 

e- 

confinement 

phonon 
reflection 

coherent transport 

boundary 
scattering 

nonlocal 
properties 

k(r1, r2), 
a(r1, r2), 
s(r1, r2)… 

Conjugated 

Polymer 

Tailored 

Strategies 

Majumdar, A. Science, 2004, 303, 777–8 

O. Bubnova, et al. Nat. Mater., 2011, 10, 429–33. 
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OXIDATION 

Chemical Paths Electrochemical Paths 

Polymerization 

 Easy process 
 Insulant substrate 
 Easy to embed nanomaterials 
x Low control process 

 Good control process 
x Conductive substrate 
x Low thickness films 

Doping 

 No need of conductive 
substrate 

x Low control process 
x Need of properly designed set 

up 

 High control level 
 Standard set up 
x Need of conductive substrate 
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CuO 
p-type material 

work function: 5,3 eV  

Y. Li et al. J. Colloid Interface Sci., 2010, 348, 303–312. 
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Nanocomposite 

Film 

Gold  

Evaporation 

In situ  

polymerization 

• FeTos3 

• Butanol 
• Pyridine 
• CuO NLs 
• EDOT 
• PEG-PPG-PEG 

Gold Pattern 
Kapton  

Substrate 

1) Solution deposition 

Blade 

2) Solution spreading 3) Film drying 

T. Park et al., Energy Environ. Sci., 2013, 6, 788. 
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Cutting 

Modified  

Oxidation Level  

Sample 

Thermoelectric 

Measurements 

Continuous gold 

pattern 

Not measurable 

sample 

Discontinuous gold pattern 

Measurable sample 



 
Parameters 

𝜎𝐸0(𝑇) transport coefficient 
s  transport parameter 
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𝜎𝐸 𝐸, 𝑇 = 𝜎𝐸0 𝑇 ∙
𝐸 − 𝐸𝑡
𝑘𝐵𝑇

𝑠

   𝐸 > 𝐸𝑡 

= 0                                     𝐸 < 𝐸𝑡      
 

𝑆 =
𝑘𝐵
𝑒
 𝑠 + 1 − 𝑙𝑛

𝜎

𝜎𝐸0𝑠Γ 𝑠
 

 
Charge Transport 

model for 
conducting 
polymers 

 
Stephen Dongmin 

Kang1 and  
G. Jeffrey Snyder2 

(Private 
communication) 

1Department of Applied Physics 
and Material Science, California 

Institute of Technology, CA 
91125, USA  

2Department of Materials 
Science and Engineering, 

Northwestern University, IL 
60208, USA 

𝜂 =
𝐸𝐹 − 𝐸𝑡
𝑘𝐵𝑇

≪ −1 

non-degenerate limit 
(𝐸𝑡: 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑒𝑑𝑔𝑒) 

𝜎 =  𝜎𝐸 −
𝜕𝑓

𝜕𝐸
𝑑𝐸 Electrical conductivity: 

Transport function: 

𝑆 =
1

𝜎
 
𝑘𝐵
𝑒
 
𝐸 − 𝐸𝑡
𝑘𝐵𝑇

∙ 𝜎𝐸 −
𝜕𝑓

𝜕𝐸
𝑑𝐸 

Seebeck Coefficient: 

𝜎 = 𝜎𝐸0(𝑇)𝑠Γ 𝑠 𝑒
𝜂 
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• Preparation of 
PEDOT based 

nanocomposite  

Chemical Path 

• Modification of 
sample 

oxidation level 

Electrochemical 
Path 

• Study of charge 
transport 

properties of 
novel materials 

Thermoelectric 
measurements 

Conclusions 
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Chemical 
Polymerization 

Electrochemical 
Oxidation 
Tunining 

 Method  

Different CuO NL 
concentration 

Find charge 
transport model 

limits 

Different 
inorganic/organic 

interphase 
interactions 

Understand 
interaction role 

Further Developments 
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Charge Transport model for conducting 
polymers 

Stephen Dongmin Kang1 and G. Jeffrey Snyder2 

(Private communication) 
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PEDOT:Tos before ECT     PEDOT:Tos after ECT 
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Poly(ethylene glycol)-block-poly(propylene glycol)-

block-poly(ethylene glycol) 
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PEDOT:Tos/Cu NL (0.58 × 10−3𝑔/𝑙) 

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

100

150

200

250

300

350

400

450

 E
le

c
tr

ic
a
l 
C

o
n
d
u
c
ti
v
y
 (


-1
c
m

-1
)

Oxidation Level (V vs Fc
0/+

)

4

6

8

10

12

14

16

 S
e
e
b
e
c
k
 C

o
e
ff
ic

ie
n
t 
(

V
K

-1
)

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0

 P
o
w

e
r 

F
a
c
to

r 
(

W
K

-2
m

-1
)



20 

PEDOT:Tos/Cu NL (2.94 × 10−3𝑔/𝑙) 
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NANOCOMPOSITE 

 

Inorganic nanolamella 
PEDOT:Tos 

chain 
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Eb 

E 
Vacuum level 

fm fn Conduction 
Band 

Valence 
Band 

nm 

Matrix (m) 

Nanostructured inclusion (n) 

Localization 
of 

 low velocity 
holes 

Decrease of carrier 
concentration 

n 

Increase of average 
carrier mobility 

 

 E h+ 



OXIDATION LEVEL 

TUNING 

NANOCOMPOSITE 

O. Bubnova, et al. Nat. Mater., 2011, 10, 429–33. 

Q. Wei et al. Materials (Basel)., 2015, 8, 732–750. 

Does nanostructured material 
modifies PEDOT charge transport 

properties? 

23 
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Kapton  

Substrate 
Gold Pattern Nanocomposite 

Film 

Gold  

Evaporation 

In situ  

polymerization 

1 2 3 4 5 

Electrochemical 

Treatment 

6 
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7 8 9 

Cutting 

Modified  

Oxidation Level  

Sample 

10 

Thermoelectric 

Measurements 


