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1. Movies S1-S4

Movie S1: The flow near the tip of the tube for FeSO, in Fig. 4al (side view, real time
speed)

Movie S2: The flow near the tip of the tube for the mixture of CaCl, and FeSO, in Fig.
4a2 (side view, real time speed)

Movie S3: The flow near the tip of the tube for the mixture of CuSO,4 and FeSO, in Fig.
4a3 (side view, real time speed)

Movie S4: The flow near the tip of the tube for CaCl, (side view, real time speed)



2. Time-variation of the snapshots of chemical gardens for single metal salts
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Fig. S1. Time variation of the snapshots for the single metal salts: (a) CuSOy, (b) FeSO,,
(c) CoSOy, (d) CaCl,, and (e) CaSO,4. We recorded the photos at t = (1) 0, (2) 10, and (3)
20 min after the addition of the aqueous phase.



3. Time-variation of the average length of the tubes for single metal salts
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Fig. S2. Time-variation of the length of tubes, L,, for single metal salts, CuSO, (filled
rectangle), FeSO, (filled triangle), CoSO, (filled circle), CaCl, (empty triangle), and
CaSQ, (empty circle). The error bar represents the standard deviations as calculated from

the three longest tubes. The data correspond to those in Fig. S1.

4. The effect the number density of the metal salt particles on the tube growth
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Fig. S3. Average values of L;; measured for different mixing ratios of the metal salt
particles and glass beads: (a) FeSO,4 and (b) CuSQO,. The gray circle corresponds to the
experimental condition of 100 wt% glass beads without metal salts. The error bars
represent the standard deviations as calculated from the lengths of all tubes longer than 5

mm.



5. Snapshots of chemical gardens grown from mixtures composed of two different
metal salts
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Fig. S4. Snapshots of chemical gardens from mixtures of A and B: (a) CaCl, and CoSOy,,
(b) CaCl, and CuSQ,, (c) CaSO4 and CoSO,, (d) CaSO4 and CuSO,, (¢) CoSO4 and
CuSO0y, and (f) CoSO,4 and FeSO,. We recorded the photos at # = 10 min after the addition
of the aqueous phase. The weight ratios of A and B, W, : Wy were (1) 100 : 0, (2) 70 :
30, (3)30: 70, and (4) 0 : 100.



6. Time-variation of the length of the tubes for mixtures composed of two different
metal salts
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Fig. S5. Time-variation of the length of tubes, L,, for the mixture of FeSO, with three
different partner salts (PS): (a) CaCl,, (b) CuSQOy, and (¢) CaSO,. The ratio of FeSO, is
shown in the legend of each graph. The error bars represent the standard deviations as

calculated from the three longest tubes. The data correspond to those in Fig. 3.



7. Length of the tube for the mixture of two kinds of metal salts
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Fig. S6. Average values of L,y measured for different mixing ratios of A and B: (a) CaCl,
and CoSO,, (b) CaCl, and CuSQy, (¢c) CuSO,4 and CoSO,, (d) FeSO4 and CoSOy, (e)
CaSQO, and CoSOy, and (f) CaSO,4 and CuSO,. The upper and lower scale information
refers to the molar ratio and the weight ratio, respectively. The error bars represent

standard deviations as calculated from the lengths of all tubes longer than 5 mm.



8. Number and thickness of the tubes for mixtures of FeSO, with different partner

salts
Ratio of FeSO4/ mol%
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Fig. S7. Average values of n;) measured for different mixing ratios of FeSO, and one
other metal salt: (a) CaCl,, (b) CuSQO,, and (c¢) CaSO,4. The upper and lower scale
information refers to the molar and the weight ratios, respectively. The error bars

represent standard deviations as calculated from the number of tubes longer than 5 mm.
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Fig. S8. Average values of X4,¢/L;o measured for different mixing ratios of FeSO, and
one other metal salt: (a) CaCl,, (b) CuSO,, and (c) CaSO,. The upper and lower scale
information refers to the molar and the weight ratios, respectively. The error bars

represent standard deviations.



9. Observation of the flow

We observed the flow rate near the tip of the tubes in our experimental setup.
Actually, the same experimental procedure was followed except that 30 pL of spherical
polymers (Fluoro-Max, model No. G0200, diameter: 2.0 pm) was added to 3 mL of 10
wt% Na,Si0; aqueous solution, and the video camera was mounted on a microscope that
was placed on its side. Fig. S9a shows time variation of the flow rate, F’, for single FeSQOy,,
CuSO0y, CaCl, and the mixture of 20 wt% CaCl, and 80 wt% FeSQO,, and Fig. S9b shows

that of 50 wt% CuSO, and 50 wt% FeSO,.
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Fig. S9. Time variation of the flow rate, F, for (a) 100 wt% FeSO,, CuSO,, CaCl, and
the mixture of 20 wt% CaCl, and 80 wt% FeSO,, and (b) 50 wt% CuSO,4 and 50 wt%

FGSO4.

10. Solubility, solubility product of metal salts, and the minimum concentration of
metal ion to produce the precipitation

To consider the effect of the nature of metal salts, the solubility, solubility product
of metal salts, and the minimum concentration of metal ion to produce the precipitation
are shown in Table S1. Here, the minimum concentration of the metal ion is calculated

by eqn (S1) based on the chemical reaction of reaction (2) in the main text.
[M?*] = K, (M(OH),) / [OH"P%, (S1)

where [M?*] and [OH™] are the concentrations of a divalent cation and hydrogen oxide,

respectively.



Table S1. The solubility in water of the metal salts and the solubility product of hydroxide

product for the metal salts, Ky, and the minimum concentration of metal ion.!-3

Solubility  K_for M(OH), Mg;”,ﬂ:{';ﬁﬁﬂ"
Metal salt | (mol /L water)  (mol®/L?) (mol / L)
CaS0,2H,0 0.02 5.0x 10° 5.0 x 107
CaCl, 6.71 5.0 x 10° 5.0 x 102
FeSO,-7H,0 1.06 8.0 x 10 8.0 x 102
CoS0, 7H,0 2.14 1.6x 10" 1.6 x 10"
CuSO,-5H,0 0.92 2.2x 102 2.2 x 10

11. Determination of the composition formula of silicate

According to the information of the reagent, silicate (Na,O nSi0,) is composed
of 36.5 wt% SiO, and 18.0 wt% Na,O. The molar ratio of Si0, and Na,O, [SiO,]/[ Na,O],
is calculated as (36.5 wt% / 60.1 g mol-')/(18.0 wt% / 62.0 g mol-') = 2.09. As n = 2, the

formula of silicate may be described as Na,Si,0s, as indicated in the reaction (2).

12. Dissolution rate of metal salts into the water phase

We measured the dissolution rate of metal salt in the water phase. Actually, 0.2 g of the
metal salt powder was placed flat on the bottom of a glass cylinder (diameter: 13 mm,
altitude of the powder: 4 mm), and 2 mL of water was slowly added onto the surface of
metal salt powder. Actually, we measured the height of the solid phase and the dissolution
rate was estimated based on the decreasing rate of height. We measured the dissolution

rate by using eqn (S3) which was transformed from Noyes—Whitney equation (eqn S2).

e, -0
dt max 7 (S2)
Crax—C
kt= - In(—= )
Cmax (83)

where k (s!) is rate constant of dissolution, ¢ (s) is the time, C (M) is the dissolved
concentration of the metal salt in the aqueous phase at time ¢, Cy,,x (M) is the final value
of C in Fig. S11a. Note that C was evaluated from the decrease in altitude of the solid
phase. Fig. S11b shows the time variation of the value of k¢ (calculated by eqn (S3)).
Table S2 shows the value of &£ which was fitted by the least-squares method from the line
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in Fig. S11b, and dissolution rate, dC/d¢ (M s'!) when 7 = 0 calculated by eqn (S2).
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Fig. S10. Time variation of (a) C (M) and (b) k¢ calculated by eqn (S3).

Table S2. The rate constant of dissolution, &, and the dissolution rate of the metal salts

1n water.
Rate constant of Coefficient of Dissolution rate at t = 0,
Metal salt dissolution, k/s' determination for k kC, . /Ms'
CaSO,-2H,0 27x10° 0.9885 0.64 x 10+
CaCl, 52x1073 0.9831 9.5x 10*
FeSO,-7H,0 3.8x10° 0.9874 2.3x10*
CoS0O, 7H,0 4.2 x10°3 0.9978 2.7 x 10+
CuSO,-5H,0 3.7x10° 0.9888 2.1 x10*
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