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Appendix S1 Details of the deconvolution method for the®*Si MAS NMR

spectra

The ?°Si MAS NMR spectra were deconvoluted using the structural constraints desueitee
for C-(A-)S-H nanostructures with nearagstighbour AIO-Al avoidance[l]. A ratio of (fp/sz
= 2 was specified for the namosslinked G(A-)S-H products which is required for consistency
with ‘dreierkettentype’ (3n-1) chain structuref?]. Additional constraints were specified for the
crosslinked G(A-)S-H products [3]which are:

) Q*(1Al1) > 2Q%(1Al);

i) Q’+ QP(1AD) > 2(Q* + 2Q (1A)));

i) Q%*>0;

iv)  Q%(1AD*>0; and

V) Q" Q% =2

where Gp* = Q% —2(Q + Q*(1Al)) and G(1Al* = Q°(1Al) — 2Q(1Al).



Appendix S2.Additional details of the differential mass loss peak assignments

Additional XRD data weremeasuredo support the differential mass loss peak assignments
described in the main body of the articthesedata were obtained by heatir@(A-)S-H
samples(synthesised under the procedure described in se2jion a Carbolite HTF 1700
furnaceat a rate of 300°C/houo upper and lowetemperaturesvith respect tahe differential
mass loss peaks analydeere(Table S1).The samples were held at the specitiechperature

for 1 hour then cooledat a rate of~30°Ciinute to room temperaturender laboratory
atmosphere, and subsequerdtgred in a desiccatdfor up to6 hoursin the presence of SO

gel) until analysis.

Table S1Lower and upper temperatureswhich C{A-)S-H samplesvere heatefor analysis
of differential mass loss pealSigure 3and shown hejeCa/Si* = bulk Ca/Si. Al/Si* = bulk

Al/Si.
ca/St Al/Si* Equilibration Differential mass loss Lower Upper
temperature (°C) peaktemperature (°C) temperature (°C) temperature (°C)
1 0.1 80 ~500 320 600
1 0.05 50 ~380 250 520
1 0 50 ~810 550-650 950
1 0.1 50 ~810 550-650 950

Figure Sishows that heating the-&S-H samplesquilibratedat 80°Cwith bulk Al/Si = 0.1to

600°C andheatingthe 50°C GA-S-H samples with bulk Al/Si = 0.05 to 520°@&sults in the
decomposition of €A-S-H only. Heating theesamples to 250°QFigure S1B)r 320°C (Figure
S1A) transforms GA-S-H to a phase with similar loaginge order to 9A tobermorite
(represented by £n Figure S1, Cs5isO16(OH),, PDF#04-012-1761) [4]The GA-S-H phase

loses some structural similarity tof9tobermorite on further heating to 520°C (Figure S1B) or



600°C(Figure S1A)which can bédentified by theshift of the major 9 A tobermoriteflectiors

(~295° X) to higher angles.
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Figure S1Cu Ka diffractograms of C-A-S-H samples with A) bulk Al/Si = 0.1 and equilibrated
at 80°C, and B) bulk Al/Si = 0.05 and equilibrated at 50°C, heated to the temperatures shown in
the plots.

Figure 2 showsCu Ka diffractograms forC-(A-)S-H samples equilibrated &0°C and heated
to 550650°C and 95T (bulk Al/Si = 0 and 0.1). Decomposition of(@-)S-H occursup to
550-650°C which isshownby theloss of the @goy basal spacing peaks andfghg of the mgor
reflectiors at ~29° 2 to higher angles. Formation of a small amount of maye(gA;, PDF#

00-009-0413)s observed in the bulk Al/Si = 0.1 sample during heatirtgt 556650°C (Figure



S2B). Wollastonite (CaSiQ, PDF# 01076-0925)is formed and decomposition of CA-)S-H
occursduring heatingoetween 5550°C and 950°C; complete decomposition 6{AG)S-H is
attained after heating at 950%r 1 hour. Mayenite is &o formed in the CA-S-H sample

during heating at 950°C~igure S2B)
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Figure S2Cu Ka diffractogramsof C-(A-)S-H samplesquilibrated at 50°@vith A) bulk Al/Si
=0 and B) bulk Al/Si = 0.05, heated to the elevated temperatures shown in the plots.

These resultgonfirm the assignment of tidbfferential mass loss peaks at ~380°C and ~500°C

(Figure 3) to thermal decomposition of(8-)S-H, and assignment of the differential mass loss



peaks at ~810°C (Figure 3) tlhe decomposition of €A-)S-H to wollastonite. Theedataalso
showthat thethermal behaviour ahe G(A-)S-H productssynthesised hers relatively similar
to that of 14A tobermorite[5], which highlightsthe high level of structuraind chemical

similarity betweerthesesolid phases



Appendix S3 Tabulated data relevant to the thermodynamic modelling

calculations, including aqueous phase compositions

Aqueous phase compositions and pH results for #seHCand CA-S-H systems are shown in
TableS2 and logo(Ks) values for the €A-)S-H productscalculated herg¢using the chemical

compositions determined by mass balance and reported in Talske F)own in Tabl&3

TableS2 Aqueous phase compositions andrpbults for the €5-H and C-A-SH systems.
Al/Si* = bulk Al/Si.

Al/Si*=0
Temperature (°C) [Si] (mM) [Ca] (mM) [Al] (mM) [OHT] (mM) pH T
7 0.025 2.0 0 2.6 114
20 0.083 3.2 0 3.9 11.7
50 0.091 2.8 0 5.9 11.7
80 0.11 1.7 0 4.4 11.6
Al/Si* = 0.05
Temperature (°C) [Si] (mM) [Ca] (mM) [Al] (mM) [OHT] (mM) pH T
7 0.046 2.0 0.020 2.9 115
20 0.15 2.1 0.020 5.2 11.8
50 0.10 2.4 0.003 5.3 11.6
80 0.073 1.9 b.d.l. % 4.2 11.6
Al/Si*= 0.1
Temperature (°C) [Si] (mM) [Ca] (mM) [Al] (mM) [OHT] (mM) pH T
7 0.053 1.7 0.036 2.5 114
20 0.11 2.9 0.031 4.2 11.7
50 0.17 15 0.028 3.5 11.5
80 0.074 1.7 0.005 4.2 11.6
Al/Si* = 0.15
Temperature (°C) [Si] (mM) [Ca] (mM) [All (mM) [OHT] (mM) pH T
7 0.069 1.3 0.043 1.9 11.3
20 0.34 1.3 0.023 3.0 115
50 0.32 1.2 0.043 2.1 11.3
80 0.094 1.1 0.039 3.0 11.4

T pH measured at 23°C
¥ b.d.l. = below detection limibr Al (~0.003 mM)



TableS3 Solubility products for the C-(A-)8Fproductswith chemicalcompositions given in
Table3, which refer to the reaction given by eq.(6) & ag, SiO (aqy AlO2 (aqy OH (ag)
and HO (. Al/Si* = bulk Al/Si.

Al/Si*=0
Temperature (°C) l0g10(Kso)
7 -9.98
20 -8.91
50 -8.66
80 -8.80
Al/Si* = 0.05
Temperature (°C) l0g10(Kso)
7 -9.65
20 -8.83
50 -8.82
80 -9.08 t
Al/Si*=0.1
Temperature (°C) l0g10(Kso)
7 -9.69
20 -8.68
50 -8.64
80 -9.21
Al/Si* = 0.15
Temperature (°C) l0g10(Kso)
7 -9.47
20 -8.52
50 -8.73
80 -9.35

T Solubility product calculated witpAl] = 0.001 mMbecausdghe measured Al concentration
was below the detection limit.



Appendix S4 Detailed ?°Si MAS NMR spectra deconvolution results

The deconvoluted spectra for tkeSH systems and th€-A-SH samples with bulk molar
ratios of Al/Si = 0.1 are shown in Figur&8 and S4 respectively. The results are tabulated in

TableS4
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FigureS3 Solid-state’Si MAS NMR spectra of the-G-H systems (bulk Al/Si = 0dquilibrated
at A) 7°C, B) 20°C, C) 50°C, D) 80°C.
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FigureS4 Solid-state’Si MAS NMR spectra of the-®-S-H systems (bulk Al/Si = 0.1)
equilibrated at A) 7°C, B) 20°C, C) 50°C, D) 80°C.



TableS4. Deconvolution results for tHf€Si MAS NMR spectra. The estimated error in absolute
site percentages is £0.03. Al/Si*bulk Al/Si.

1 2 1A| 2 2 3 1A| 3
AlSi* Tem?,ecr;‘t”re -7Qg.4 Q—él.Q) -:3?3?5 -:3?5?3 Q—él.Q) —SSG.G ASi MCL
0.3 ppm 0.2 ppm 0.3 ppm 0.3 ppm ppm ppm
0 7 0.31 0 0.23 0.46 0 0 0 6.5
0 20 0.36 0 0.21 0.43 0 0 0 5.6
0 50 0.32 0 0.23 0.46 0 0 0 6.4
0 80 0.23 0 0.26 0.51 0 0 0 8.8
0.1 7 0.19 0.16 0.22 0.43 0 0 0.081 114
0.1 20 0.21 0.17 0.21 0.42 0 0 0.084 10.4
0.1 50 0.20 0.16 0.21 0.43 0 0 0.082 11.0
0.1 80 0.17 0.21 0.07 0.42 0.1 0.04 0.10 19.8
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