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Electronic Supplementary Information

The complete list of all the gels investigated in this work is reported in Table S0.

Table S0. Chemical composition of the different silicate hydrates investigated.

Sample Label Target composition Chemical Route

MSH Mg/Si=1 double-decompositiona

MSH* Mg/Si=1 solid oxidesb

CSH-A Ca/Si=1 double-decompositionc

CSH-B Ca/Si=1.4 double-decompositionc

CSH-C Ca/Si=1, Culminal double-decompositionc

Mixed Ca/Mg=1, (Ca+Mg)/Si=1 double-decompositiona,c

a Na2SiO3·4H2O (≥99% Sigma-Aldrich), Mg(NO3)2·6H2O (98-102%KT, Sigma-Aldrich). 
b MgO (≥99% Sigma-Aldrich, average size: 44 μm), Silica Fumed (≥99% Sigma-Aldrich, average 
size: 0.007 μm).
c Na2SiO3·4H2O (≥99% Sigma-Aldrich), Ca(NO3)2·4H2O (≥99% Sigma-Aldrich).

Analytical form of the small-angle X-ray scattering (SAXS) model: )(QP

Here we describe below the expression of  for the two different cases (C-S-H and M-S-)(QP

H).  is the normalized intra-particle structure factor averaged over the distribution of the )(QP

size and all possible orientations of the globules. We also describe a combined model for the 

mixed case in the end.

C-S-H case
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Based on the previous studies of some of the authors,1,2 the structure of the C-S-H globule can be 

modeled as a disk with layered sub-structure. The size distribution of the C-S-H globules is 

assumed to come from the “effective” Schultz distribution of the number of repeating layers n of 

the multi-layered disk. Therefore,  equals to  and it
 

can be )(QP
nnOrientatio

QP
,

)(

mathematically expressed by equation (S1). 
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The fitting parameters of the intra-particle structure factor of the C-S-H samples are the disk 

radius, R, the layer thickness of hydration water, L1, and the layer thickness of hydrated calcium 

silicate, L2, the scattering length density contrast ratio 
 
(ρ1, ρ2, and ρs are scattering 

s

s
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length densities (SLDs) of hydrated water, hydrated calcium silicate, and solvent, respectively), 

the average number of repeating layers inside a globule, , the width parameter Zn of the n

number of layers described by a Schultz distribution. The equivalent radius Re in S(Q) can be 

calculated as , where L = L1 + L2 is the interlayer distance, and the total )3/1(2 )4/3( LRnRe 

thickness t can be found by . Lnt 

M-S-H case
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In the M-S-H cases (see Fig. S1) the high-Q peak characteristic of the layered sub-structure, 

which is the essential feature of the C-S-H samples, is not present. In addition, there is a broad 

bump in the high-Q part of the SAXS pattern. These observations allow us to use a simple model 

of polydisperse spheres to describe the intra-particle structure factor. We denote the normalized 

intra-particle structure factor averaged over the radius of the polydisperse spheres as 

,  (S9)dRRfRQPQP SsphereR
)(),()(
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 We assume the distribution of the sphere radius to be Schultz distribution and therefore 
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The essential fitting parameters of the intra-particle structure factor of the M-S-H samples are the 

average radius  of the spheres and the width parameter ZR of the Schultz distribution of the R

sphere radius. The equivalent radius Re in S(Q) is equal to .R

Mixed case

Based on the description above, we analyze the mixed sample through a combined model, 

assuming that the interaction between C-S-H and M-S-H components is negligible at the length-
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scale studied by SAXS (~1-2000 Å). Consequently, we can express the scattering intensity of 

SAXS by adding together the intensity contribution from both C-S-H and M-S-H components:

.     (S12)bkgQSQPNQSQPNQI MSHcMSHMSHCSHcCSHCSH  ,, )()()()()(

Fig. S1 The SAXS experimental data for MSH (violet open circle) and MSH* (pink open diamond). The data fitting 
curves using C-S-H multilayer disk-like model are denoted by black lines. The experimental and fitting intensities 
are shifted in y-axis by timing a factor of 10 for MSH for clarity. The error bars of the experimental data represent 
one standard deviation and are smaller than the symbols. The fitted parameters used here are listed in Table S1.
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Table S1. Parameters extracted from the model fitting of SAXS data of M-S-H samples using C-
S-H multilayer disk-like modela

alb(ub) means that the fitting value collapses onto the lower (upper) boundary set in the fitting procedure. The values 
in the parenthesis are one standard deviation from the nonlinear least-squares fitting process.

Fig. S1 shows the SAXS experimental data and the corresponding fitting curves for MSH and 

MSH* samples, using the C-S-H model of multilayer disk-like globules. The parameters used 

for data fitting are listed in Table S1. Although the experimental data and the fitting curves have 

acceptable agreement, the big error bars of many parameters from the fitting process shown in 

Table S1 indicate that C-S-H model doesn’t work well for the M-S-H cases. 

D ξ L2 L n R χ Z Re

MSH 2.950(1) 393.13(2) 4(10) 5.0(9) 1(28) 10.42(2) 0.001(lb) 7(12) 6(107)
MSH* 2.487(1) 804.1(2) 0.001(lb) 10(66) 1(2) 162.559(8) 0.001(lb) 10(ub) 52(122)
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The IR spectra for all the gels are reported in Fig. S2 while Table S2 lists the main IR absorption 

peaks. The weak stretching observed near 3500 cm-1 in the MSH and MSH* spectra is ascribed 

to the characteristic Mg-OH stretch of phyllosilicates3. Moreover, absorptions near 3400 cm-1 

and 1630 cm-1 are ascribed to H-bonding and hydroxyl stretching, respectively.
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Fig. S2 ATR-FTIR spectra for CSH-A, CSH-B, CSH-C, MSH, MSH*, and Mixed samples. IR absorptions near 
2400 cm-1 are due to atmospheric CO2. The curves are shifted vertically for the sake of clarity. 
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Table S2. Infrared absorption peaks reported in the literature.3–5 

Vibration/cm-1

(Mg or Ca)-O Si-O O-H

νs(Mg-OH) 3500 νs(Si-O) Q1 800-910 H-bonding 3400 

νs(Ca-OH) 3460 νs(Si-O) Q2 960-1000 νs(O-H) 1630

νs(Ca-O) 1420-1480 (Calcite)

The very strong band between 980 and 960 cm-1 is due to Si-O stretching vibrations. The FT-IR 

spectrum of CSH-A shows the characteristic signals of C-S-H gel described in previous works4. 

We can observe a main narrow band around 960 cm-1 typical of the Si-O asymmetric stretching 

vibrations. The signals appearing around 1400-1465 cm-1, characteristic of C-O stretching 

vibrations, may be attributed to calcium carbonate. Spectrum of the Mixed sample shows the 

simultaneous presence of both C-S-H and M-S-H absorption bands.

The ATR-FTIR spectra were recorded with a Nexus 870-FTIR (Thermo-Nicolet) spectrometer 

equipped with a MCT detector cooled by liquid nitrogen. All spectra were averaged with 128 

scans at 2 cm−1 resolution. Data collection and analysis were carried out with OMNIC software 

(Thermo Fisher Scientific Inc., USA). The spectra were acquired between 4000 and 650 cm-1 at 

room temperature. 
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TGA was performed both to determine the effective hydration of the so-prepared samples and to 

confirm a low carbonation level. Hydroxide and carbonate contributions were calculated 

according to the literature6 and subtracted out from the original weight of the sample (Brucite, 

Mg(OH)2: 267-400°C; Magnesite, MgCO3: 400-550°C; Portlandite, Ca(OH)2: 350-550°C; Calcite, 

CaCO3: 550-750°C). The obtained values are reported in Table S3.

Table S3. Amounts of hydroxide and carbonate obtained by TGA. These values are calculated 
with respect to the total mass of the sample at 260°C.

Hydroxide(%w/w) Carbonate(%w/w)

MSH 14.1 9.4

MSH* 8.8 7.9

CSH-A 7.2 4.8

CSH-B 12.6 7.0

CSH-C 7.4 3.9

The reported values confirm that the synthetic approach used for preparing the samples is able to 

minimize the hydroxide and carbonate formation. 
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Table S4 lists the target Mg/Si or Ca/Si ratio of each sample together with the experimental value 

obtained by EDS analysis. The agreement between the calculated and the obtained ratios is good 

for all the six cases.

Table S4. Target and measured ratios for the synthetic metal (Ca or Si) silicate hydrate pastes

Sample Target ratios Measured (x±σ)

MSH Mg/Si = 1.00 Mg/Si = 0.88 ± 0.10

CSH-A Ca/Si = 1.00 Ca/Si = 0.97 ± 0.16

CSH-B Ca/Si = 1.40 Ca/Si = 1.46 ± 0.09

CSH-C Ca/Si = 1.00 Ca/Si = 1.37 ± 0.30

Mixed Mg/Ca = 1.00

(Mg+Ca)/Si = 

1.00

Mg/Ca=1.38 ± 0.10

(Mg+Ca)/Si = 0.91 

± 0.10
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