
Table S1: Atomic coordinates (x104) and equivalent isotropic displacement parameters (x10−3 Å2) for the 3-dimensional refinement under the
C1121/d space group. The inversion centre is located at the (1/4,0,0) position.U(eq) is defined as one third of the trace of the orthogonalizedUi j

tensor.
ATOM x y z U(eq)
Nb(1) 2500 0 5000 5(1)
Nb(2) 7500 0 5000 5(1)
Nb(3) 2512(1) 453(1) -7(1) 5(1)
Nb(4) 7496(1) 456(1) 7(1) 5(1)
Nb(5) 2489(1) 885(1) 4885(1) 5(1)
Nb(6) 7561(1) 890(1) 4780(1) 5(1)
Ca(1) 16(1) 1109(1) -785(1) 8(1)
Ca(2) 5077(1) 1044(1) -75(1) 13(1)
Ca(3) 5013(1) 28(1) -67(1) 7(1)
Ca(4) 5017(1) 472(1) 5045(1) 8(1)
Ca(5) 4(2) 414(1) 4972(1) 11(1)
Na(3) 5013(1) 28(1) -67(1) 7(1)
Na(4) 5017(1) 472(1) 5045(1) 8(1)
Na(5) 4(2) 414(1) 4972(1) 11(1)
O(1) 4992(3) -23(1) 4207(4) 9(1)
O(2) 2857(3) -174(1) 7909(4) 9(1)
O(3) 2940(3) 248(1) 7077(4) 9(1)
O(4) 6070(3) 249(1) 7073(4) 9(1)
O(5) 7144(3) -173(1) 7910(4) 10(1)
O(6) -1(3) 428(1) -717(3) 10(1)
O(7) 4996(3) 395(1) 781(3) 6(1)
O(8) 2231(3) 596(1) 2994(4) 7(1)
O(9) 3021(3) 669(1) 7897(4) 10(1)
O(10) 6983(3) 676(1) 7950(4) 9(1)
O(11) 7758(3) 590(1) 3048(4) 7(1)
O(12) 7(3) 848(1) 5766(3) 9(1)
O(13) 5011(3) 843(1) 4123(3) 8(1)
O(14) 2231(3) 1055(1) 2128(4) 9(1)
O(15) 2782(2) 1097(1) 7037(4) 7(1)
O(16) 7290(3) 1118(1) 6846(4) 9(1)
O(17) 7844(2) 1019(1) 1897(4) 10(1)
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Table S2: Fractional Atomic Average Coordinates, Equivalent Isotropic Displacement Factors, and Atomic Positional and DWF Modulation
Coefficients for NaCa4Nb5O17 after the structure refinement underG4. Modulation functions for a parameterλ of an atomν defined in a restricted
interval are given by the following:Uν

λ (x4) =
∑k

n=0 Uν
λ,northoν

n (x4), where the orthogonalized functions are obtained through a Schmidt
orthogonalization routine and given below andk is the number of modulation functions used for each atomic domain. a) Parameters defining the
position, width and equivalent thermal coefficients for the atomic domains in the 4D structure†. b) Parameters of the displacive modulations. c)
Parameters of the thermal coefficients (see footnote). d) Coefficients of the orthogonalized functions.

(a)
atom x1 x2 x3 x4 ∆ Ueq(Å2)
Nb1 0.25 0 0.5 0 5/24 0.00485(7)
Nb2 0.75 0 0.5 0 5/24 0.00490(7)
Ca/Na(Ca1) -0.00067(12) -0.03269(18) 0.00446(16) 0 1/8 0.0098(2)
Ca2 0.0013(2) 0.3306(2) -0.0784(2) 5/48 1/24 0.0076(2)
Ca3 -0.0074(2) 0.7470(3) 0.0075(2) -5/48 1/24 0.0134(3)
O1 0.0002(3) 0.0142(3) 0.5789(4) 0 5/24 0.0088(4)
O2 0.2151(2) 0.2130(4) 0.2078(3) 0 1/4 0.0084(4)
O3 0.7860(3) 0.1993(4) 0.1988(3) 0 1/4 0.0093(4)

(b)
UNb1

x,1 = −0.00034(7) UNb1
y,1 = 0.04731(5) UNb1

z,1 = −0.01147(5) UNb1
x,2 = 0 UNb1

y,2 = 0 UNb1
z,2 = 0

UNb1
x,3 = 0.00120(8) UNb1

y,3 = 0.00807(7) UNb1
z,3 = 0.00715(7) UNb1

x,4 = 0 UNb1
y,4 = 0 UNb1

z,4 = 0
UNb2

x,1 = 0.00393(7) UNb2
y,1 = 0.05125(6) UNb2

z,1 = −0.01393(5) UNb2
x,2 = 0 UNb2

y,2 = 0 UNb2
z,2 = 0

UNb2
x,3 = −0.00250(7) UNb2

y,3 = 0.00868(7) UNb2
z,3 = 0.00756(7) UNb2

x,4 = 0 UNb2
y,4 = 0 UNb2

z,4 = 0
UCa1

x,1 = 0.0011(2) UCa1
y,1 = 0.0274(2) UCa1

z,1 = −0.0012(2) UCa1
x,2 = −0.00034(16) UCa1

y,2 = 0.0009(2) UCa1
z,2 = −0.0020(2)

UO1
x,1 = 0 UO1

y,1 = 0.0079(4) UO1
z,1 = −0.0045(3) UO1

x,2 = 0 UO1
y,2 = 0.0101(4) UO1

z,2 = −0.0039(4)
UO1

x,3 = 0 UO1
y,3 = −0.0095(4) UO1

z,3 = −0.0002(4) UO1
x,4 = 0 UO1

y,4 = 0.0009(6) UO1
z,4 = 0.0037(6)

UO2
x,1 = 0.0037(2) UO2

y,1 = 0.0241(3) UO2
z,1 = 0.0011(3) UO2

x,2 = −0.0066(3) UO2
y,2 = −0.0100(4) UO2

z,2 = −0.0007(3)
UO2

x,3 = 0.0066(3) UO2
y,3 = −0.0100(4) UO2

z,3 = −0.0039(4) UO2
x,4 = 0.0026(3) UO2

y,4 = 0.0046(5) UO2
z,4 = 0.0021(4)

UO3
x,1 = −0.0014(2) UO3

y,1 = 0.0187(4) UO3
z,1 = −0.0009(3) UO3

x,2 = 0.0037(3) UO3
y,2 = 0.0049(4) UO3

z,2 = 0.0083(3)
UO3

x,3 = −0.0087(3) UO3
y,3 = −0.0052(4) UO3

z,3 = −0.0028(4) UO3
x,4 = −0.0027(4) UO3

y,4 = 0 UO3
z,4 = 0

(c)
UNb1

u11,0 = 0.0045(1) UNb1
u22,0 = 0.0053(1) UNb1

u33,0 = 0.0048(1) UNb1
u12,0 = 0 UNb1

u13,0 = 0 UNb1
u23,0 = 0

UNb2
u11,0 = 0.0042(1) UNb2

u22,0 = 0.0056(1) UNb2
u33,0 = 0.0049(1) UNb2

u12,0 = 0 UNb2
u13,0 = 0 UNb2

u23,0 = 0
UCa1

u11,0 = 0.0086(3) UCa1
u22,0 = 0.0132(4) UCa1

u33,0 = 0.0077(3) UCa1
u12,0 = 0 UCa1

u13,0 = 0 UCa1
u23,0 = −0.0020(3)

UCa1
u11,1 = 0.0048(3) UCa1

u22,1 = 0.0066(4) UCa1
u33,1 = 0.0041(3) UCa1

u12,1 = 0 UCa1
u13,1 = 0 UCa1

u23,1 = −0.0012(3)
UCa1

u11,2 = −0.0019(3) UCa1
u22,2 = −0.0036(5) UCa1

u33,2 = −0.0023(3) UCa1
u12,2 = 0 UCa1

u13,2 = 0 UCa1
u23,2 = 0.0009(3)

UCa2
u11,0 = 0.0068(4) UCa2

u22,0 = 0.0093(4) UCa2
u33,0 = 0.0067(3) UCa2

u12,0 = 0 UCa2
u13,0 = 0 UCa2

u23,0 = 0
UCa3

u11,0 = 0.0081(4) UCa3
u22,0 = 0.0229(6) UCa3

u33,0 = 0.0093(4) UCa3
u12,0 = 0.0007(5) UCa3

u13,0 = 0 UCa3
u23,0 = −0.0012(4)

UO1
u11,0 = 0.0046(7) UO1

u22,0 = 0.0127(8) UO1
u33,0 = 0.0092(7) UO1

u12,0 = 0 UO1
u13,0 = 0 UO1

u23,0 = 0
UO1

u11,1 = 0 UO1
u22,1 = 0.0031(7) UO1

u33,1 = 0 UO1
u12,1 = 0 UO1

u13,1 = 0 UO1
u23,1 = 0

UO2
u11,0 = 0.0092(8) UO2

u22,0 = 0.0083(8) UO2
u33,0 = 0.0077(7) UO2

u12,0 = −0.0008(5) UO2
u13,0 = −0.0012(5) UO2

u23,0 = 0.0024(5)
UO3

u11,0 = 0.0103(8) UO3
u22,0 = 0.0097(8) UO3

u33,0 = 0.0079(7) UO3
u12,0 = 0.0007(5) UO3

u13,0 = 0.0011(5) UO3
u23,0 = 0.0023(5)

(d)
orthoNb1

0 = 1 orthoO2
0 = 1

orthoNb1
1 = 2.762 sin(2πx4) orthoO2

1 = 2.346 sin(2πx4)
orthoNb1

2 = −1.084+ 2.303 cos(6πx4) orthoO2
2 = −2.069+ 3.249 cos(4πx4)

orthoNb1
3 = −6.653 sin(2πx4) + 3.416 sin(8πx4) orthoO2

3 = −3.091 sin(2πx4) + 2.339 sin(8πx4)
orthoNb1

4 = 2.945− 5.002 cos(6πx4) + 3.281 cos(12πx4) orthoO2
4 = 4.661− 6.458 cos(4πx4) + 3.052 cos(10πx4)

orthoCa1
0 = 1 orthoO1

i = orthoNb2
i = orthoNb1

i

orthoCa1
1 = 4.479 sin(2πx4)

orthoCa1
2 = −2.069+ 3.249 cos(8πx4) orthoO3

i = orthoO2
i

† We have used the termthermal coefficientinstead the standarddisplacement coefficientbecause in this context it could be confusing.
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Table S3:General structural parameters in the (3+1)-dimensional superspace description of the NaCa4Nb5O17 compound with superspace group
G3 (see Table 3). Underlined atomic coordinates are refineable. In the last column, ”antisym.” means an antisymmetric function for the displacive
modulation with respect to its centre.

ATOM x1 x2 x3 x4 WIDTH POINT DISPLACIVE
SYM. MODULATION

Nb1 1/4 0 1/2 0 5/24 1 antisym.
Nb2 3/4 0 1/2 0 5/24 1 antisym.
Ca/Na(Ca1) 0 0 0 0 1/8 1 no restriction
Ca2 0 1/4 0 5/48 1/24 1 no restriction
Ca3 0 -1/4 0 -5/48 1/24 1 no restriction
O1 0 0 1/2 0 5/24 1 no restriction
O2 1/4 1/4 1/4 0 1/4 1 antisym.
O3 3/4 1/4 1/4 0 1/4 1 antisym.
O4 1/4 1/4 3/4 0 1/4 1 antisym.
O5 3/4 1/4 3/4 0 1/4 1 antisym.

Table S4: (3+2)-dimensional superspace group for the incommensurate structure before the lock-in phase transition, for all the compositions. It
reduces toG4 (in Table 3) for the rational valueγ′ = 1/2.

(x1,x2,x3,x4,x5) {E|0, 0, 0, 0, 0} (1/2−x1,−x2,1/2+x3,1/4−x4,1/4−x5) {2z|1/2, 0, 1/2, 1/4, 1/4}
(x1,x2,x3,1/2+x4,1/2+x5) {E|0, 0, 0, 1/2, 1/2} (1/2−x1,−x2,1/2+x3,3/4−x4,3/4−x5) {2z|1/2, 0, 1/2, 3/4, 3/4}
(1/2+x1,1/2+x2,x3,1/4+x4,3/4+x5) {E|1/2, 1/2, 0, 1/4, 3/4} (−x1,1/2−x2,1/2+x3,1/2−x4,−x5) {2z|0, 1/2, 1/2, 1/2, 0}
(1/2+x1,1/2+x2,x3,3/4+x4,1/4+x5) {E|1/2, 1/2, 0, 3/4, 1/4} (−x1,1/2−x2,1/2+x3,−x4,1/2−x5) {2z|0, 1/2, 1/2, 0, 1/2}
(−x1,−x2,−x3,−x4,1/2−x5) {I |0, 0, 0, 0, 1/2} (1/2+x1,x2,1/2−x3,1/4+x4,3/4+x5) {mz|1/2, 0, 1/2, 1/4, 3/4}
(−x1,−x2,−x3,1/2−x4,−x5) {I |0, 0, 0, 1/2, 0} (1/2+x1,x2,1/2−x3,3/4+x4,1/4+x5) {mz|1/2, 0, 1/2, 3/4, 1/4}
(1/2−x1,1/2−x2,−x3,1/4−x4,1/4−x5) {I |1/2, 1/2, 0, 1/4, 1/4} (x1,1/2+x2,1/2−x3,1/2+x4,1/2+x5) {mz|0, 1/2, 1/2, 1/2, 1/2}
(1/2−x1,1/2−x2,−x3,3/4−x4,3/4−x5) {I |1/2, 1/2, 0, 3/4, 3/4} (x1,1/2+x2,1/2−x3,x4,x5) {mz|0, 1/2, 1/2, 0, 0}
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