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1 Distortion parameters

Group theoretical analysis was performed using the software package ISODISTORT.S1 In particular we

identified the symmetry-adapted strains characteristic of the monoclinic distortion from the aristotypic

Fm3̄m structure that is common to KxMn[Fe]y and other PBAs, enumerated below. There are three

strain components, corresponding to the irreducible representations (irreps) Γ+
1 ,Γ

+
3 ,Γ

+
5 . The Γ+

1 strain is

the symmetry-preserving (volumetric) element, which is necessarily isotropic. Because we are interested

in the role of anisotropic strain (which leads to mechanical failure on cycling), we do not consider this

component further. The Γ+
3 strain term has order parameter direction [0, 0, 1] and captures a tetragonal

strain induced by the primary order parameter (Γ+
5 ). The magnitude of this term is that plotted under the

label ‘cell length variation’ in Fig. 3(b) of the main text. The primary order parameter is Γ+
5 and its order

parameter direction is free to rotate within the (11̄0) plane; consequently it is given by a vector (a, b, b)

with two free variables. The first of these terms is dominated by the shear strain induced by A-site slides;

this is the term labelled ‘slide’ in Fig. 3(b). The second variable b captures the shear strain associated

with an independent tilt distortion; the magnitude of the strain (=
√

2b) is the term labelled ‘tilt’ in the

same figure panel. Note that this tilt system (Glazer notation a+b−b−, as discussed in Ref. S2) is the

simplest consistent with the particular slide distortion shown in Fig. 1(b).

Table S1 gives the lattice parameters and distortion parameters that describe the monoclinic distortion

from cubic in PBAs referenced in this article. Note that the sodium PBAs have a smaller A-site slide

parameter and a larger tilt parameter. This is symptomatic of the Na ion not occupying the centre of the

nanopore and being accompanied by water.
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Formula a/Å b/Å c/Å β/◦ Γ+
3 /% Γ+

5 (a)/%
√

2Γ+
5 (b)/% Ref.

K2.13Mn[Fe]1.03 10.103 7.339 6.952 90.08 0.021 3.868 0.096 S3

K2.00Mn[Fe]1.00 10.114 7.341 6.959 90.33 0.017 3.817 0.403 S3

K1.99Mn[Fe]1.00 10.116 7.350 6.966 90.18 0.056 3.840 0.229 S3

K1.99Mn[Fe]0.94 10.112 7.328 6.970 90.06 0.015 3.580 0.074 S4

K1.94Mn[Fe]0.994 10.091 7.324 6.944 90.02 0.016 3.801 0.024 S5

K1.94Mn[Fe]1.01 10.073 7.288 6.957 90.35 0.001 3.304 0.434 S6

K1.93Mn[Fe]0.98 10.112 7.339 6.970 89.78 0.049 3.693 0.286 S3

K1.92Mn[Fe]0.98 10.104 7.331 6.970 90.10 0.072 3.612 0.127 S3

K1.88Mn[Fe]0.97 10.121 7.333 6.978 89.65 0.018 3.549 0.429 S3

K1.87Mn[Fe]0.97 10.108 7.332 6.972 89.79 0.047 3.603 0.260 S3

K1.86Mn[Fe]0.96 10.105 7.337 6.957 90.16 0.018 3.804 0.195 S3

K1.84Mn[Fe]0.99 10.078 7.317 6.948 90.27 0.070 3.698 0.335 S6

K1.84Mn[Fe]0.96 10.105 7.317 6.978 89.70 0.024 3.390 0.363 S3

K1.83Mn[Fe]0.96 10.105 7.301 6.995 89.63 0.031 3.069 0.458 S3

K1.80Mn[Fe]0.95 10.117 7.325 6.990 89.75 0.038 3.345 0.307 S3

K1.80Mn[Fe]0.95 10.105 7.312 6.984 89.69 0.027 3.284 0.390 S3

K1.77Mn[Fe]0.94 10.107 7.309 6.991 89.63 0.040 3.180 0.457 S3

K1.76Mn[Fe]0.94 10.098 7.299 6.989 89.67 0.033 3.101 0.404 S3

K1.75Mn[Fe]0.93 10.113 7.329 6.971 90.06 0.010 3.574 0.074 S7

K1.74Mn[Fe]0.94 10.125 7.341 6.990 90.54 0.063 3.508 0.670 S3

K1.74Mn[Fe]0.94 10.098 7.299 6.984 90.38 0.014 3.150 0.471 S3

K1.74Mn[Fe]0.94 10.097 7.286 6.992 89.62 0.005 2.944 0.477 S3

K1.74Mn[Fe]0.94 10.098 7.290 6.996 89.65 0.029 2.938 0.437 S3

K1.72Mn[Fe]0.93 10.102 7.292 7.003 89.56 0.047 2.895 0.544 S3

K1.72Mn[Fe]0.92 10.142 7.257 7.040 90.52 0.266 2.177 0.646 S5

K1.69Mn[Fe]0.92 10.118 7.309 7.003 89.67 0.018 3.058 0.407 S3

K1.68Mn[Fe]0.92 10.102 7.297 6.997 89.57 0.043 2.997 0.540 S3

K1.67Mn[Fe]0.92 10.101 7.291 6.996 90.41 0.013 2.951 0.501 S3

K1.64Mn[Fe]0.91 10.101 7.284 6.994 90.46 0.043 2.901 0.567 S3

K1.58Mn[Fe]0.85 10.107 7.295 6.998 90.30 0.030 2.974 0.371 S6
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Formula a/Å b/Å c/Å β/◦ Γ+
3 /% Γ+

5 (a)/%
√

2Γ+
5 (b)/% Ref.

K1.52Mn[Fe]0.88 10.099 7.326 6.967 89.70 0.058 3.596 0.361 S3

K1.85Mn0.33Fe0.67[Fe]0.98 10.134 7.276 7.040 90.18 0.090 2.360 0.223 S4

K1.64Fe[Fe]0.89 10.125 7.256 7.024 89.68 0.225 2.324 0.396 S7

K2Mn[Mn] 10.179 7.412 6.976 90.21 0.038 4.367 0.255 S8

Rb2Mn[Mn] 10.410 7.449 7.213 90.07 0.345 2.360 0.092 S8

Na1.89Mn[Fe]0.97 10.586 7.533 7.341 92.12 0.561 1.932 2.741 S9

Na1.81Fe[Fe] 10.443 7.474 7.275 92.54 0.107 2.014 3.243 S10

Na1.80Fe[Fe]0.95 10.458 7.474 7.280 92.71 0.195 1.961 3.470 S11

Na1.48Ni[Fe]0.89 10.276 7.388 7.146 92.13 0.018 2.432 2.677 S12

Na2Mn[Mn] 10.667 7.602 7.407 92.44 0.433 1.968 3.181 S13

Table S1: Chemical formula as given in the paper (excluding water.) Lattice parameters are

given in the P21/n configuration (converted from P21/c where necessary.) The three distortion

parameters are given as percentages.
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The data in the Table S2 below were used to generate Fig. 3(c) of the main text.

x Σ+
5 (a)/%

2.13(2) 3.868

2.00(5) 3.817

1.99(4) 3.840

1.93(2) 3.693

1.92(3) 3.612

1.88(5) 3.549

1.87(3) 3.603

1.86(3) 3.804

1.84(3) 3.390

1.83(4) 3.069

1.82(5) 3.345

1.82(4) 3.284

1.77(3) 3.180

1.76(3) 3.101

1.74(5) 3.508

1.74(4) 3.150

1.74(6) 2.944

1.74(5) 2.938

1.72(4) 2.895

1.69(3) 3.058

1.68(4) 2.997

1.67(5) 2.951

1.64(5) 2.901

1.52(2) 3.596

Table S2: Left: x values for KxMn[Fe]y from S3, with corresponding standard error. Right: slide

distortion parameter given as a percentage.
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