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Powder characterization

X-ray powder diffraction reveals different modifications for 

the synthesized BaTiO3. The sol-gel and commercial powders 

possess the cubic and the calcinated precursor powders the 

tetragonal structure (figure 3.).

Barium titanate is an inorganic oxide with typical polar and 

hydrophilic properties. The chemical surface modification of 

the oxide is necessary to preclude aggregation and to improve 

compatibility between the oxide and the organic host material 

[4]

FT-IR spectra provide insight into the binding mode to the 

surface of BaTiO3 (figure 4.). 

The surface bound phosphonic acid was quantified by 

correlation of BET physisorbtion and thermogravimetric/ 

differential thermal analysis (TG/DTA) data. The weight loss 

during the exothermic reaction is related to the bounded 

phosphonic acid (figure 5.) and correlated to the surface of the

modified powder.

The specific characteristics of the pure and surface modified 

powders are summarized in table 1.

BaTiO3–Polymer Composites

Composite thin films were produced by spin coating with 

various speeds between 1000 – 3000 rpm. The effect of 

rotation speed for film thickness is demonstrated in figure 6.

For the formation of highly uniform composite films without 

particle agglomeration, cavities or cracks it is necessary to use 

aged suspensions. The resulting films for the different barium 

titante powders show increasing film thicknesses in the order 

commercial nano powder < precursor BaTiO3 < sol-gel 

BaTiO3 (figure 7.).

For the dielectric measurement composite thin films are spin 

coated on aluminium coated glass substrates and dried 

afterwards. The resulting composite films are contacted with 

aluminium top electrodes using a shadow mask (figure 8.).

The measuring arrangement is schematical shown in figure 9.

Untill now all observed samples reveal a large dielectric loss. 

After compensation of the losses by a linear model we found 

improved capacitances for the sol-gel and precursor barium 

titanate composites compared to the commercial nano powder 

(figure 10.).

Dielectric properties of the different composites are 

summarized in table 2.

Introduction

Barium titanate-polymer composites are of great interest as 

capacitor materials because they combine high permittivity 

and high dielectric strength and can be solution processed on 

large and flexible substrates at low temperatures. [1] This 

combination offers the possibility to manufacture high-

performance dielectric materials.

In this work barium titanate nanoparticles in an organic 

poly(vinylidenefluoride-co-hexafluoropropylene) host are 

investigated. A phosphonic acid assisted surface modification 

inhibit agglomeration and improve the wetting behavior of the 

nanopartivles to yield a homogenous distribution of particles 

in the composites.

Experimantal

We synthesized BaTiO3 by a sol-gel [2] and a precursor 

method [3] to correlate the different grain sizes of the oxides 

with the finally resulting dielectric properties. The obtained 

samples were compared with a commercially available Aldrich 

nano powder.

BaTiO3 Sol-gel method (BT-SG)

TiCl4 + BaCl2 ⋅ 2 H2O + 6 KOH 

BaTiO3 + 5 H2O + 6 KCl

BaTiO3 Precursor complexes method (BT-PC)

Ba(OH)2⋅8 H2O + Ti[OCH(CH3)2]4 + 7 C2H6(OH)2

[Ba(C2H6O2)4][Ti(C2H4O2)3] + 4 C3H7OH + 10 H2O

[Ba(C2H6O2)4][Ti(C2H4O2)3] BaTiO3 + 14 CO2 + 7 H2O

The calcinated precursor particles agglomerate during the 

heating step, which is unfavourable for the processing of thin 

composite films (figure 1.). These powders were initially ball 

milled prior to the surface modification.

The several steps of the experimental procedure to gain 

ceramic–polymer capacitors are shown in figure 2.

reflux for 6 h, H2O, Ch3CH2OH

reflux for 24 h, C2H6(OH)2

1000 °C

glas substrate Al-electrode capacitorcomposite

BaTiO3 nanoparticles

Surface
modification

Dissolving of Polymer in 
N,N-diemethyl formamide

Modified oxides +

Mixing and 
Ball milling

Poly(vinylidenefluoride-
co-hexafluoropropylene)

solution

Composite dispersion

Spin Coating
or other

Coating methods

Composite thin films

Contacting
with electrodes

Ceramic–Polymer capacitor

Acknowlegments

Financial support by the German 

Federal Environmental Foundation

within a PhD scholarship is

greatfully acknowleged.

12,3840 ± 10BT-Ref

66,6526,8950 ±10BT-PC - PFBPA

3,78230 ±10BT-PC

137,0012,5550 ± 10BT-SG - PFBPA

15,8955 ± 10BT-SG

42,8315,8650 ± 10BT-Ref - PFBPA

PFBPA 
Surfactants per 

nm2

Weight loss
PFBPA (%)

Specific surface

(m2/g)

Particle size

(nm)

12,3840 ± 10BT-Ref

66,6526,8950 ±10BT-PC - PFBPA

3,78230 ±10BT-PC

137,0012,5550 ± 10BT-SG - PFBPA

15,8955 ± 10BT-SG

42,8315,8650 ± 10BT-Ref - PFBPA

PFBPA 
Surfactants per 

nm2

Weight loss
PFBPA (%)

Specific surface

(m2/g)

Particle size

(nm)

1600 1500 1400 1300 1200 1100 1000 900 800

 sol-gel BaTiO
3

 surface modified sol-gel BaTiO
3

 pentafluorobenzyl phosphonic acid

tr
a
n
sm

itt
a
n
ce

 (
%

)

wavenumber (cm-1)

 

200 400 600 800 1000
-10

-8

-6

-4

-2

0

-1,5

-1,0

-0,5

0,0

w
e
ig

h
t 
lo

ss
 (

%
)

temperature (°C)

d
if
fe

re
n
tia

l t
h
e
rm

a
l a

n
a
ly

si
s 

(µ
V

/m
g

)

surface modified BaTiO
3

20 30 40 50 60 70 80

 BT-PC 1000 °C

In
te

n
si

ty
 (

a
. 

u
.)

2θ (degree)

 

20 30 40 50 60 70 80

u

 BT-SG

In
te

n
si

ty
 (

a
. 

u
.)

2θ (degree)

BaCO
3

u

 

 BT-Ref

7,5*10-107,3*10-103,0*10-10Capacitance (F)*

<0,03<0,04<0,04Dielectric loss*

434217Relativ permittivity r
*

8,38,13,3Capacitance density (nF*cm-2)*

3,5 ± 0,33,6 ± 0,33,6 ± 0,2Film thickness (m)

200025001000Spin coating speed (rpm)

BT-PCBT-SGBT-Ref

* measured at AC 1 kHz and 1V

0 20000 40000 60000 80000 100000
0,0

2,0x10
-10

4,0x10
-10

6,0x10
-10

8,0x10
-10

 composite BT-Ref

ca
p
a
ci

ta
n
ce

 (
F

)

frequency (Hz)

 composite BT-SG
 composite BT-PC

 

 

Figure 1. Agglomerates after calcination of the BaTiO3 precursor

Figure 2. Experimental procedure to gain ceramic–polymer capacitors

Figure 3. XRD pattern of the different BaTiO3 powders

Figure 4. FTIR spectra of BaTiO3, surface modified BaTiO3 and the pure phosphonic acid 

Figure 5. DTA/TG plot of surface modified BaTiO3

Table 1. Different characteristics of the basic and surface modified BaTiO3

Figure 6. Influence of spin coating speed for the composite film thickness 

Figure 7. SEM cross section images of composite thin films from all BaTiO3 powders

Figure 8. Construction of a capacitor

Figure 9. Dielectric measuring system [1]

Figure 10. Capacitance of the different BaTiO3 composites with similar film thickness

Table 2. Dielectric properties of the different BaTiO3 composites
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