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1 Supplementary

Schemes, diagrams both SEM and TEM micrographs were created using Orig-
inPro 9.1G, ImageJ, Diamond and Digital Micrograph. Figures were arranged,
merged and saved using PowerPoint 2010 and Photoshop CS5. Table S 1 shows
the ionic radii of the substituted elements and inserted dopants. According to the
similarity of the ionic radii of the elements used, doping should be possible. The
XRD patterns of the NayCoO, (NCO) and Bi;CayCo,09 (BCCO) phases, shown
in Figure S 1 refer to Figure 2 in the main text. A step size of 0.003942, a time
per step of 1.1 seconds, a voltage of 40 kV and a current of 40 mA were used in
the XRD experiments. Pure NCO and nearly pure BCCO phases were subjected
to SEM and elemental distribution analyses of polished cross-sections, as shown
in Figure S 2a-d. Vibration-polished cross-section specimens were prepared by a
multistep (30 um, 15 gum, 6 um, 3 um and 1 um diamond lapping films) polish-
ing program using a Techprep from Allied - High Tech Products, Inc., followed
by vibration polishing using a Buehler Vibromet-2 and a 50 nm colloidal alumina
suspension. TEM specimens were prepared similar to SEM specimens and put
on a TEM grid. The specimens were pinched out using a precision ion polishing
system (Ar-ion) Model 691 from Gatan. The BCCO phase decomposes at approx-
imately 1023 K, and Ca-containing phases are formed; see Figure S 11, Figure
S 3 gives detailed elemental distribution information referring to Figure 4a-c in the
main document. The interdiffusion of Ca into the NCO phase is clearer, and the
very thin layers of NCO and BCCO are clearly visible in the Na, Ca and Bi signals
shown in Figures S 3d-f and 4a-d. The insets of Figure 4d-f in the main document
are enlarged for a better readability in Figure S 5a-f. Additional TEM micrographs
of other sites of the CCO-30-35-10 nanocomposite ceramic are shown in Figures
S 6, 7 and 8. These other sites clarify the composition and thickness of differ-
ent layers within the material. These sequences continue throughout the ceramic.
Comparing Figure S 6 and Figure S 7 shows that the amount of interdiffusion of
Ca into the NCO phase is not constant, suggesting that the degree of interdiffusion
might also depends on thickness and surroundings (e.g., being embedded between
BCCO phases). Figure S 9 illustrates the measured heat capacities Cp of CCO and
nanocomposite ceramics as a function of temperature in the range from 313 K to
1173 K. The Cp values reached approximately 0.83 J - ¢! - K'! at 1073 K for
a CCO-30-35-10 nanocomposite ceramic. The nanocomposite ceramics showed
only small differences in Cp from those of undoped CCO. The system was cali-
brated and the sapphire method was used. The sensitivity S and heat capacity Cp
were calculated as described by Jankovsky et al.[?]. Samples of bar geometry were



cut from a ceramic pellet using an O’ Well model 3242 precision vertical diamond
wire saw.

1.1 Figures
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Figure S 1: XRD patterns of NCO and BCCO with indexed reflections according

to superspace group C2/mB! and P2/m!*l. NCO and BCCO were obtained after
sintering at 1073 and 1123 K for 10 hours, respectively.



Figure S 2: SEM cross-sectional micrographs and EDXS elemental distributions
of a, b) BCCO ceramic (Ca-green, Bi-blue and Co-red) and ¢, d) NCO ceramic
(Na-green and Co-red).
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Figure S 3: TEM analysis of a CCQO-30-35-10 nanocomposite ceramic, supple-
menting Figure 4a-c) of the main document. a, b) STEM dark-field micrograph
and EDXS elemental distribution of the region shown. c) Linescan of the elemen-
tal distribution of Na (red), Ca (green), Bi (blue), Tb (black) and Co (turquoise)
shown in b). Along the indicated direction (dotted line), different phases and their
compositions along the linescan are indicated. d-i) Detailed elemental distribution
information for Na, Ca, Bi, Co, Tb and O.
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Figure S 4: TEM analysis of a CCQO-30-35-10 nanocomposite ceramic, supple-
menting Figure 4a-c) of the main document. a) STEM dark-field micrograph and
b-d) element spectra of different phases BCCO (1), NCO (2) and CCO (3) of the
regions shown.
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Figure S 5: Enlarged presentation of reduced fast Fourier transformations in insets
of Figure 4d-f) showing the TEM analysis of a CCO-30-35-10 nanocomposite
ceramic: a, b) BCCO-CCO-interface; ¢, d) CCO-NCO-interface; and e, f) BCCO-
NCO-interface with indicated lattice parameters of a (green), b (blue) and ¢ (red).
BCCO-CCO: BCCO - c=15.02 A, CCO-a=5.11 A, by=4.55 A, c=10.96 A
CCO-NCO: CCO - ¢=10.67 A,NCO - a=5.07 A, bj=2.82 A, c=5.74 A
BCCO-NCO: BCCO - b;=3.13 A, c=14.81 A,NCO-a=526 A, c=547 A
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Figure S 6: TEM analysis of a second site of a CCO-30-35-10 nanocomposite
ceramic, a, b) STEM dark-field micrograph and EDXS elemental distribution of
the area shown. c¢) Linescan of the elemental distribution of Na (red), Ca (green),
Bi (blue), Tb (black) and Co (turquoise) shown in b). Along the indicated direc-
tion (dotted line), different phases and their compositions along the linescan are
indicated. d-i) Detailed elemental distribution information for Na, Ca, Bi, Co, Tb
and O.
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Figure S 7: TEM analysis of a third site of a CCO-30-35-10 nanocomposite ce-
ramic, a, b) STEM dark-field micrograph and EDXS elemental distribution of the
area shown. c) Linescan of the elemental distribution of Na (red), Ca (green), Bi
(blue), Tb (black) and Co (turquoise) shown in b). Along the indicated direction
(dotted line), different phases and their compositions along the linescan are indi-
cated. d-i) Detailed elemental distribution information for Na, Ca, Bi, Co, Tb and

0.
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Figure S 8: TEM analysis of a fourth site of a CC(O-30-35-10 nanocomposite ce-
ramic, a, b) STEM dark-field micrograph and EDXS elemental distribution of the
area shown. c¢) Linescan of the elemental distribution of Na (red), Ca (green), Bi
(blue), Tb (black) and Co (turquoise) shown in b). Along the indicated direction
(dotted line), different phases and their compositions along the linescan are indi-

cated. d-1) Detailed elemental distribution information for Na, Ca, Bi, Co, Tb and
0.
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Figure S 9: Heat capacity Cp as a function of temperature of CCO (squares, green,
taken from %), CC0-30-35-6 (diamonds, turquoise), CCO-30-35-8 (hexagons,
orange) and CCO-30-35-10 (inverted triangles, black) ceramics.
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1.2 Tables

Table S 1: Tonic radii of cations and dopants in Ca3.x_.y.,NaxBiyTb,Co40g (61,

Element Ca Na Bi Tb Co
coordination number 6 6 6 6 8
ionic charge +2 +1 43 +3 +4 43 +4

ionic radii / A .12 1.18 1.17 1.04 0.88 0.61 0.53
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