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Figure SI 1. Photographs of a series of sample tubes with H3;Sb;P,0,, weight fraction
decreasing from left to right: 1.65, 1.32, 0.83, 0.55, 0.33, and 0.17 %w/w observed (a) in natural

light and (b) between crossed polarizers.

Figure SI 2. A typical scanning electron microscopy (SEM) image of H;Sb;P,0;4 nanosheets.
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Figure SI 3. A typical atomic force microscopy (AFM) image of H;Sb;P,0,4 nanosheets with

a horizontal cut showing that the nanosheet thickness is = 1.2 nm.

P3



31/10/2023 02:41

%=0 x=02 x=04 x=0.6 x=07 x=08 x=1
mm @i s I

 (H:Li)-0.848 (H;1i)-19
m . _ & - M[Hﬂl x)l'|3x

x=0 0.2 x=0.

=0 x302| x=03 x=035 | x204 |x=045 | x$05 x=( x=0.

@mm mm
MWWMEHW,N%]

x=0.35  xz04 x=P45 xk05

3(1—x)K3x]

x-O x-O 20 =03 [x=f35 < x=04 x=945 |x05

mmmm

m
bot 2021 @m mﬂm @Ha(l X)Rb3x]

x=0 X=|

T (T TEEN T (D s !!!EE[H3(“,C53X

Figure SI 4. Photographs of five series of sample tubes observed in natural light (right) and

x=0 =02 [x=03] (=035 |04 [x=045 x5

between crossed polarizers (left). For each series, the Hs(;.<yM3,Sb3P,04 nanosheet weight
fraction is kept constant (1.32 %w/w) but the x value corresponding to the alkaline cation
increases from left to right: x =0, 0.2, 0.4, 0.6, 0.7, 0.8, and 1 for Li+ and x =0, 0.2, 0.3, 0.35,
0.4, 0.45, and 0.5 for the other cations (Na*, K*, Rb*, Cs").
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Figure SI 5. Photographs of five series of sample tubes observed in natural light (right) and
between crossed polarizers (left). For each series, the Hs(;.<yM3,Sb3P,04 nanosheet weight
fraction is kept constant (0.83 %w/w) but the x value corresponding to the alkaline cation
increases from left to right: x =0, 0.2, 0.4, 0.6, 0.7, 0.8, and 1 for Li* and x =0, 0.2, 0.3, 0.35,
0.4, 0.45, and 0.5 for the other cations (Na*, K*, Rb*, Cs").
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Figure SI 6. Photographs of five series of sample tubes observed in natural light (right) and

between crossed polarizers (left). For each series, the Hs(.M3,SbsP,O;4 nanosheet weight
fraction is kept constant (0.55 %w/w) but the x value corresponding to the alkaline cation
increases from left to right: x =0, 0.2, 0.4, 0.6, 0.7, 0.8, and 1 for Li* and x =0, 0.2, 0.3, 0.35,
0.4, 0.45, and 0.5 for the other cations (Na*, K*, Rb*, Cs").
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Figure SI 7. Photographs of five series of sample tubes observed in natural light (right) and
between crossed polarizers (left). For each series, the Hs(.M3,SbsP,O;4 nanosheet weight
fraction is kept constant (0.33 wt %) but the x value corresponding to the alkali cation present
increases from left to right: x =0, 0.2, 0.4, 0.6, 0.7, 0.8 and 1 for Li* and x =0, 0.2, 0.3, 0.35,
0.4, 0.45 and 0.5 for the rest of the cations (Na“, K*, Rb", Cs*). The lamellar phase is clearly
destabilized by the addition the different cations.
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Figure SI 8. Photographs of five series of sample tubes observed in natural light (right) and
between crossed polarizers (left). For each series, the Hs(.M3,SbsP,O;4 nanosheet weight
fraction is kept constant (0.17 %w/w) but the x value corresponding to the alkaline cation
increases from left to right: x =0, 0.2, 0.4, 0.6, 0.7, 0.8, and 1 for Li* and x =0, 0.2, 0.3, 0.35,
0.4, 0.45, and 0.5 for the other cations (Na*, K*, Rb*, Cs™).
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Figure SI 9. SAXS (left) and WAXS (right) patterns of the bottom phase of the samples shown
in Figure 2 for the [Hj(;.Li3,] system.
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Figure SI 10. SAXS (left) and WAXS (right) patterns of the bottom phase of the samples shown
in Figure 2 for the [Hj(;.«Nas,] system.
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Figure SI 11. SAXS (left) and WAXS (right) patterns of the bottom phase of the samples shown
in Figure 2 for the [Hj(;«Rb;s] system.
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Figure SI 12. SAXS (left) and WAXS (right) patterns of the bottom phase of the samples shown

in Figure 2 for the [Hj(;Cs34] system.
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Figure SI 13. Simulated X-ray diffraction (XRD) patterns from the crystallographic structure
of K;Sb3;P,0y4 by replacing potassium with protons or alkaline (Li, Na, Rb, Cs) cations.
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Figure SI 14. Dependence of the lamellar period on the cation exchange rate x for
(a) H3(1.9L13xSb3P,014,  (b)  H3uNa3zSbsP,O1s,  (¢)  Hizq9RbsSbsP,O14 and
(d) H3(1_X)CS3XSb3P2014 samples.
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Figure SI 15. Dependance of the pH value on the cation exchange rate x for all series of samples

shown in Figure 2 (with constant H;Sb;P,0,4 weight fraction (1.65 %w/w)).
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Fast swelling of H;Sb;P,0,4 prepared by reverse cationic exchange of
M;Sb;P,014

L] H3Sb3P2014 from K3Sb3P2014

Table SI 1. Photographs of H;Sb;P,04 prepared by reverse cationic exchange of K;Sb;P,014,
observed using an optical microscope with crossed polarizers with a magnification of 10. Left:
dry synthesised solid; right: swelling in presence of water.

L] H3Sb3P2014 from Na3Sb3P2014

Dry solid Swelling in presence of water

i
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Table SI 2. Photograph of H3Sb;P,04 prepared by reverse cationic exchange of Na;Sb;P,0 4,
observed using an optical microscope with crossed polarizers with a magnification of 10. Left:

dry synthesised solid; right: swelling in presence of water.

L] H3Sb3P2014 from Rb3Sb3P20]4

D

solid Swelling in presence of water
EVF Y " 5 TR I | "

Table SI 3. Photographs of H;Sb;P,0,,4 prepared by reverse cationic exchange of Rb;Sb;P,04,
observed using an optical microscope with crossed polarizers with a magnification of 10. Left:
dry synthesised solid; right: swelling in presence of water.

The fast swelling of the H;Sb;P,04,4 phases recovered from M;Sb;P,04, restacked materials
showed the reversibility of the restacking process.
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SI19: Lamellar Lennard-Jones potential

Let us consider the Lennard-Jones potential that combines van der Waals attraction and volume
exclusion repulsion between two atoms at short distance r:

0=()*-()

Let us now generalize this potential towards two thin lamellae each with a given atomic density
p (number of atoms per unit volume). The van der Waals interaction energy per unit area A4
between two parallel slabs of thickness # and distance d is obtained by straightforward

-
integration of Eq. (Ur \T r SI 1) and reads:
Upaw(d) Ay 11 2, 1
A 12n|g?2 (d+h)>? @+ 2h)? SI 2

2 20 _ 2
with A=mpC=Ap) (units J) which depends on the intrinsic Hamaker constant A, of the

colloidal material and the intralamellar packing fraction ®,. For the repulsive part we find
similarly:
Uyep(d) B B,

- +
A 360

@ ([d+h)? (d+2h)°

1 2 1 l
SI3

— 2R 2
with B =mp’B=B.¢] (units Jm®) and B, an constant pertaining to the colloidal material.
Combining the two and Taylor expanding for 7/D <1 we find a Lennard-Jones (LJ) type

potential modified for the case of two thin lamellae of thickness / interacting at a distance
d > h.

ULL](d)_ A p?  Bj p?

- +
A 2rg*  5mylo

SI 4

* 1/6
a” =(B:/A) which is fixed for a given colloidal

* 0 212 *\4
material. The minimum of the potential is given by UmL]/ A=-34:¢1 h*/10m(d") which is
proportional to the square of the intralamellar packing fraction ¢,. Similar to the conventional
LJ potential, the “lamellar” version (LLJ) can be reexpressed in a rescaled form:

Uy 2[5(4 \1o_ (4 \a
=+t[(a)"(a)

The minimum of the potential occurs at

SIS
with amplitude

e=Anh*/10m(d*)* >0

2 x
The LLJ potential reaches a minimum S whend=4d "
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SEM-EDX analysis of M;Sb;P,0, restacked phases

Figure SI 16 shows the M/Sb atomic ratio calculated from the EDX atomic composition
analysis of restacked M;Sb;P,0;4 phases (x=1), where M = Cs, K, Na or Rb. EDX analysis
were not performed on Liz;Sb;P,0,4 because lithium is too light to be detected by EDX. The
expected M/Sb ratio is equal to 1.

EDX analysis - M/Sb ratio of Cs3, K3, Na3 and
Rb3 (H3(1-x)M3xSb3P2014 at x=1)

3 2
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Figure SI16. EDX analysis of CS3Sb3P2014 (CS3), K3Sb3P2014 (K3), Na3Sb3P2014 (Na3), and
Rb3;Sb;P,0,4 (Rb3) (x=1). Calculation of M/Sb atomic ratio (where M = Cs, K, Na or Rb).

The EDX analysis confirmed the expected value of x = 1 for restacked M;Sb;P,014 phases.
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