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S.1. Synthesis of silicate hydrates at varied charge ratios.

Table S.1 encloses the molar compositions of the synthesis precursors for all samples
discussed in the main text. The alkaline content (OH/Si) was kept constant in experiments
performed within the same series (e.g., crystallized at the same temperature) to minimize

morphological and topological differences associated with changes in pH during hydrothermal

treatments.

Table S.1. Molar composition of synthesis precursors in growth solutions prior to hydrothermal

treatments at 373 and 393 K.

Sample C.R.? Na K Ca Al Si H,0 OH/Si
PHI-TOB-373-0° 0.00 1.41 0.39 - 0.11 1 270.27 1.47
PHI-TOB-373-0 0.00 1.41 0.39 - 0.11 1 17.59 1.47

PHI-TOB-373-0.25  0.25 1.06 0.29 0.22 0.11 1 17.59 2.66
PHI-TOB-373-0.50  0.50 0.70 0.19 0.45 0.11 1 17.59 2.63
PHI-TOB-373-0.75  0.75 0.35 0.10 0.67 0.11 1 17.59 2.61
PHI-TOB-373-1.00  1.00 - - 0.90 0.11 1 17.59 2.58
PHI-TOB-393-0.00  0.00 0.99 0.51 - 0.05 1 18 2.13
PHI-TOB-393-0.30  0.30 0.70 0.36 0.23 0.05 1 18 2.10
PHI-TOB-393-0.50  0.50 0.50 0.26 0.38 0.05 1 18 2.07
PHI-TOB-393-0.80  0.80 0.20 0.10 0.60 0.05 1 18 2.04
PHI-TOB-393-1.00  1.00 - - 0.83 - 1 18 2.02

a Fraction of calcium with respect to the total metal cations in the synthesis gel (i.e., (2 X Ca?")/(K* + Na* + (2 X

Ca?)).

b Synthesis performed at varied water content to lower the total silicon concentration to 0.2 M.
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S.2. Characterization of physicochemical properties of phillipsite and tobermorite samples.

N, adsorption isotherms (77 K) are compiled in Figures S.1-S.6 on all phillipsite and
tobermorite samples. Samples are referred to as PHI-TOB-X-Y, where X is the temperature of the
hydrothermal treatment and Y is the charge ratio (fraction of the cationic content provided by
calcium, Ca/(K + Na + Ca)). Micropore volumes (cm? g'') were determined from semi-log
derivative analysis of the isotherm (O(V,q5/g)/0(log(P/Py) vs. log(P/Py)), where the first maximum
represents the micropore filling transition and the subsequent minimum represents the end of
micropore filling. We note that the micropore volumes (Fig. 2, main text) of samples with mixed
phillipsite and tobermorite phases are within the range of the pure phases, highlighting the ability
of the single-step synthesis protocols reported here to crystallize materials with structural
characteristics of both, phillipsite zeolites and tobermorite silicate hydrates. The hysteresis

observed in the desorption portion of the isotherms indicate the presence of mesoporous cavities

within PHI-TOB samples.
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Figure S.1. N, adsorption (m) and desorption (0) isotherms (77 K) of PHI-TOB-373-0.
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Figure S.2. N, adsorption (m) and desorption (O0) isotherms (77 K) of PHI-TOB-373-0.25.
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Figure S.3. N, adsorption (m) and desorption (O0) isotherms (77 K) of PHI-TOB-373-0.50.
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Figure S.4. N, adsorption () and desorption (O0) isotherms (77 K) of PHI-TOB-373-0.75.




70
71
72

500
450
400

300

1@ STP]

250

mig

S, 200

¥ 150
100

50

P/P,

Figure S.5. N, adsorption (m) and desorption (O0) isotherms (77 K) of PHI-TOB-393-0.80.
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Figure S.6. N, adsorption (m) and desorption (0) isotherms (77 K) of PHI-TOB-393-1.
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S.3. Morphological signatures of phillipsite zeolites and tobermorite silicate hydrates.
Transmission electron microscope (TEM) images were taken on PHI-TOB-373-0 (Figure
S.7) and PHI-TOB-393-1 (Figure S.8). Phillipsite samples (Figure S.7, PHI-TOB-373-0) show
planar surfaces that agglomerate to form thick plates, in accordance with their typical prism-like
to lath-like morphology with “cracking” along cleavage surfaces.! Defined planar surfaces, as well
as agglomeration of needle-like crystals, however, are observed for tobermorite samples (Figure
S.8). These observation corroborate the presence of tobermorite silicate hydrates as they
traditionally exhibit an acicular (e.g., needle-like) morphology that extend among one axis as

crystallization processes take place.>

200 nm

500 nm it 200 nm

Figure S.8. TEM images of PHI-TOB-393-1.
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