Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2017

Supporting Information

Elucidating the Diffusion Pathway of Protons in Ammonium
Polyphosphate: a potential Electrolyte for Intermediate Temperature

Fuel Cells

Chunwen Sun, »* Carlos Alberto Lopez¢ and José Antonio Alonso ¢

“Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences, Beijing, 100083,
China.

bCAS Center for Excellence in Nanoscience, National Center for Nanoscience and Technology
(NCNST), Beijing, 100190, China.

¢INTEQUI, Universidad Nacional de San Luis, CONICET, Fac. Qca., Bqca. y Far. (Chacabuco y
Pedernera, 5700), San Luis, Argentine

Instituto de Ciencia de Materiales de Madrid, CSIC, Cantoblanco 28049 Madrid, Spain

* Corresponding authors.
Tel: +86-10-82854648, Fax: +86-10-82854648, Email: sunchunwen@binn.cas.cn (C. Sun),

Tel: +34-91-3349071, Fax: +34-91-3720623, Email: ja.alonso@icmm.csic.es (J.A. Alonso)

S1


mailto:sunchunwen@binn.cas.cn
mailto:ja.alonso@icmm.csic.es

I ¥ I " I x I L I Y I T T T T T
() 35000 (NH)PO, |
300004 4 NPD (HRPT) 2 =1.494 A |
1 4 100 °C
~ 250004 # _
S w
S 20000+
g 15000—_ _
§ 10000 {1 [ MOV OO0 AR T N
™~ A ]
5000 4
() —rrvinmatstmat ittt s ntlimmamd s srndni it oy
! : I E T " T 4 T . T Y T T T T T T
10 20 30 40 50 60 70 80 90 100
26(°)
I I T T T T
(b) 35000- (NH)PO, -
30000 NPD (HRPT) 2 =1.494 A |
18 200 °C
~ 250001 & o =& i
S 20000 -
E\ -
g 15000—_ -
§ 10000 {1 [0 M TAPIEE AL UA TR E RO
™~ i ]
5000 - 4
0 pnnadienors e
T T T T T
20 40 60 80 100
20(°)

Fig. S1: Observed (circles), calculated (line), and difference (bottom) neutron-diffraction

patterns of the NH4POs; at (a) 100 and (b) 200 °C.
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Table S1: Crystallographic data for NH4PO; phase from the XRPD refinements at RT.
System: orthorhombic, space group: P2,2,2;.

Unit-cell parameters: a=12.049(1) A, 5=6.4709(5) A,
c=4.2486(4) A and V = 331.26(5) A3.

Atom x/a y/b z/c Biso Occ
P 0.1800(3) 0.5659(6) 0.277(1) 3.31(8) 1
01 0.1801(6) 0.777(1) 0.134(1) 4.0Q2) 1
02 0.0813(6) 0.493(1) 0.437(1) 4.002) 1
03  0.287(7) 0.590(1) 0.515(2) 4.0(2) 1
1
3

N 0.0883(5) 0.065(1) 0.614(1) 1.2(2)
R, 10.2%; Ryp: 13.9%; Rexp: 7.1%; %2 3.8; Rppage: 7.3%
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Table S2. Crystallographic data for NH4PO; phase from NPD at a) 100 °C and b) 200°C
System: orthorhombic, Space group: P2,2,2;.

a) T= 100 °C. Unit-cell parameters: a=12.094(2) A,
b=6.476(1) A, c=4.2543(8) A and V = 333.2(1) A%,
Atom x/a y/b zlc B, Occ
P 0.184(1) 0.5682) 0272(3) 2.1(3) 1
Ol  0.179(1) 07912) 0.1323) 142) 1
02 0077(1) 04842) 0.4033) 142) 1
03 0284(1) 0.5892) 0.556(3) 1.42) 1
N 0.0903(9) 0.0552) 0.6123) 3.02) 1
1
1
1
1

H1  0.076(3) -0.024(6) 0.431(8) 7.7(4)

H2  0.155(3) 0.008(5) 0.717(7) 7.7(4)

H3  0.024(2) 0.052(7) 0.785(7) 7.7(4)

H4  0.103(3) 0.202(6) 0.543(9) 7.7(4)

R, 0.8%; Ryp: 0.9%; Rexp: 0.8%; 42 1.6; Rppaget 6.2%
b) T = 200 °C. Unit-cell parameters: a=12.143(2) A,
b=6.493(1) A, c=4.2627(8) A and V = 336.1(1) A3.
Atom x/a y/b zlc Bis  Occ

P 0.181(1) 0.567(2) 0.266(3) 2.93) 1

Ol  0.181(1) 0.789(2) 0.134(3) 2.6(1) 1

02 0.076(1) 0.485(2) 0.404(3) 2.6(1) 1

03  0.283(1) 0.589(2) 0.514(2) 2.6(1) 1

N  0.0874(9) 0.053(1) 0.621(2) 10(1) 1
1
1
1
1

H1  0.072(3) -0.018(6) 0.447(8) 8.8(9)
H2  0.154(3) -0.001(5) 0.726(7) 8.6(9)
H3  0.027(3) 0.043(7) 0.791(8) 8.7(9)
H4  0.1002) 0.206(6) 0.556(9) 8.3(8)
R 0.7%; Ryp: 0.9%; Rexp: 0.8%; 421 1.4; Rprage: 7.1%
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