Supporting information

The effects of Sr content on the performance of Nd;..Sr,Co0Os_s air-electrode
materials for intermediate temperature solid oxide fuel cells under

operational conditions

Daniel Mufioz-Gil**, M. Teresa Azcondo °, Clemens Ritter ¢, Oscar Fabelo ¢, Domingo Pérez-Coll , Glenn C.
Mather 2, Ulises Amador ® and Khalid Boulahya %*

2 |nstituto de Ceramica y Vidrio, CSIC, Cantoblanco, 28049 Madrid, Spain

b Departamento de Quimica y Bioquimica, Facultad de Farmacia, Universidad CEU San Pablo, E-28668, Boadilla del
Monte, Madrid, Spain.

¢ Institut Laue-Langevin, BP 156-38042 Grenoble Cedex 9, France.

4 Departamento de Quimica Inorganica, Facultad Ciencias Quimicas, Universidad Complutense, E-28040 Madrid,

Spain.



27000 — v v v v v
o | () , 2| (044) ¢ \ (440) 3
T
:g ™ i - / \--—J \‘N :
£ 1000 | ol S = =
N
Ll 3 | \ I\f v“' _J, A “'l J 1 it ," ¥ .‘._‘r )
LR - - At Ll l‘lll'“’ AR " -
< 00 l ] -
Yo N I T O S 5
| e raiy ) ) il O O AL LR RO R LR
p -
4 . & i —y
A .- A N A A A A
20 20 40 50 60 70 80 90 100
20 (%)
40000 r r T =y v r 2
3 30000 | { w| /\ -
§ [ z - 1/’ I.‘l ER
f : i ) -‘/! \\:‘_‘ " 2 E :
s' 20000 B - b;”*"’?". T iy ]
.-s. E ': L R, A ]
§ - - —“a - L L 0 L) x’: . - LLa
E 10000 [ l l -
E | . AR T
o F 1 | | | | L] .
4 1
- T =, =
20 30 40 0 60 70 80 %0 100
20 (°)

Figure S1. Experimental (red circles) and calculated (black continuous line) XRD patterns (and their
difference, blue line at the bottom) for (a) Nd/3Sr1/3C00s.5 (a) and (b) Nd1/3Sr2/3C00s.5 prepared in air.
Vertical bars indicate the positions of Bragg peaks.
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Figure S2. Thermal evolution of the unit cell volume of; (a) Nd/3Sr1/3C00s.5 and (b) Nd1/3Sr2/3C003.5 in air.
Volume and linear TEC values at low and high temperature are calculated.

S-3



40000 I~ 1073 K in air =

)

: 0000 P Nd1l3sr2/3coo3-6 n
X

5 20000 = -
=

10000 |- pn

r\-L—JL“.IJ

- = I | | -

- 4 v " - ‘J

15 25 s 45 s 68 75 8s 0% 108 118 128

20 (")

Figure S3. Experimental (red circles) and calculated (black continuous line) NPD patterns (and their
difference, blue line at the bottom) for Ndi/3Sr,/3C003.5 at 1073 K in air. Vertical bars indicate the
positions of Bragg peaks.
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Figure S4: Percentage mass loss (blue, primary y-axis) and oxygen loss (red, secondary axis) in air as a

function of temperature for (a) Ndz/3Sr1/3C00s.5 (a) and (b) Nd1/3Sr2/3C00s.5.
S-5



Table S1. Nominal and experimental (determined by EDS) compositions for the Nd,/35r1/3C003.5, sample
used for NPD and electrical characterization.

Element Nominal composition Experimental composition
(atom %) (atom %)
Nd 13.3 13.5(2)
Sr 6.7 6.6(2)
Co 20.0 19.8(3)
(o) 60.0 59.6(3)

Table S2. Nominal and experimental (determined by EDS) compositions for the Ndi/3Sr2/3C003.5, sample
used for NPD and electrical characterization.

Element Nominal composition Experimental composition
(atom %) (atom %)
Nd 6.7 6.9(2)
Sr 133 13.1(3)
Co 20.0 20.0(1)
(0] 60.0 59.7(3)




Table S3. Structural parameters for Nd1-xSrxCoO3-6 obtained from joint fitting of NPD and XRD data.
Agreement factors are given for the fitting of NPD data.

Sample x=1/32 x=2/3°b
Space Group Pnma Space Group Pm-3m
a(A) 5.3570(2) a(A) 3.81479 (5)
b(R) 7.5863(2)
c(A) 5.4061(2)
Volume (A3) 219.70(1) Volume (A3) 55.515(1)
A position 4c 01 position 4c A position 1b 01 position 3d
Occ Sr/Nd 0.33(1)/0.66(1) Occ 0.994(4) Occ Sr/Nd 0.66(1)/0.33(1) Occ 0.983(3)
X 0.0134(4) X 0.4954(6) U*100 (A2) 0.76(2) U*100 (A2) 0.29(4)
z -0.0024(4) z 0.0578(4) B position la
U*100 (A?) 0.46(1) U*100 (A2) 0.62(2) Occ Co 1
B position 4a 02 position 8d U*100 (A?) 0.40(3)
Occ Co 1 Occ 0.951(7)
U*100 (A?) 0.15(2) X 0.2721(3)
Y 0.0313(2)
z 0.7294(3)
U*100 (A2) 0.62(2)

2Pnma (#62): 8d (xy z), 4c(x % z),4a (00 0), 5 Pm-3m (#221): 1a (000), 1b (¥ % %), 3d (%2 0 0)
%= 1.55, Rwp= 4.12%, Rexp= 3.30%, Re= 6.56%, %2= 1.54, Rwp= 4.10%, Rexp= 3.34%, Re= 2.41%,
Composition: Ndo.es(1)Sr0.33(1)C002.896(4) Composition: Ndo.33(1)Sro.66(1)C002.949(2)
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Table S4. Selected structural information for Nd1-xSrxCo03-6 (x=1/3, 2/3) obtained from NPD data.
Angles are given in degrees and distances in A (up to 3.50 A); distortion A of the BOn polyhedra and Bond
Valence Sums !, are reported as A=1/n Xj=1,n {(dn - <d>)/<d>}2 where <d> is the average B-O distance.
The quadratic elongation A is given by A= Zj=1,n (li/I0)2/n and the bond-angle variance o is given by o =
2j=1,n (Bi- 60)2/(n-1) where 10 and 60 are the cation-anion bond lengths and cation-anion-cation bond
angles in regular coordination polyhedra, respectively, and li and 6i are the cation-anion bond lengths and
cation-anion-cation bond angles of bond i 2.

Ndo.67(1)Sr0.33(1)C002.896(3)

Ndo.33(1)Sr0.67(1)C002.949(2)

aTiltangle 6 13.23(4) | Tilt angle © -
b Tilt angle ¢ 13.23(4) |Tilt angle @ -
¢ Tilt angle p 8.6(1) Tilt angle p -

CoOg octahedron

(Nd/sr)O, polyhedron

CoOg octahedron

(Nd/Sr)O, polyhedron

B-O1x2 1.9221(4) (Nd/Sr)-01x1 2.602(3) |B-O1x6 1.9074(1) (Nd/Sr)-O1x12 2.6975(5)
B-02x4 1.927(2) (Nd/Sr)-01x1 2.794(3)
(Nd/Sr)-01x1 3.004(4)
Average B-O 1.9235(5) (Nd/Sr)-0O1x1 2.405(3) |Average B-O 1.9074(1)
Octahedron volume Octahedron
i 9.4878 (Nd/sr)-02 x2 2.603(4) . 92525
(A3) volume (A3)
Distortion Distortion
0.036 (Nd/Sr)-02 x2 2.435(4) -
B-Ogx 10 B-Ogx 10
Quadratic Quadratic
1.0002 (Nd/sr)-02 x2 3.012(2) 1.0000
elongation elongation

Bond angle

Bond angle variance 0.8354 deg? (Nd/Sr)-02x2 2.729(2) -
variance
Average Average
BVS 3.26(5) 2.697(5) |BVS 3.43(4) 2.6975(5)
(Nd/sr)-0 (Nd/sr)-0
BVS 2.93(4) BVS 2.51(2)

a with [110], b with [1-10],
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