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Fig. S1. Fitted 2’A1 MAS NMR spectrum of the GF_NC sample.

27A1 MAS NMR spectra (blue line) of the GF_NC sample, with the fitted spectrum shown in red.
The inset highlights the isotropic region, where six components were used for deconvolution: three
peaks corresponding to AI(IV) and three to AI(VI) sites. Fit parameters are detailed in Table S1.
The full spectrum illustrates the spinning sideband pattern fitted using the quadrupolar (quad) and
chemical shift anisotropy (CSA) models. The spectra were acquired at 9.4 T and 33.33 kHz MAS
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Fig. S2. Coordination numbers (CN) of aluminum with different species as a function of time.
Here, we can observe that the chosen bias factor is probably too high to explore the different CN
for aluminum and this could be optimized (for efficient computing) for a larger set of structures to
avoid CN<4 or >6. This is beyond the scope of this work.



4.5

4.0

3.5F

3.0

2.5

20

1.5F

CV1: Distance Al - O (water/OH) (A)

0.5}

1 1 1 1
20 40 60 80 100
Time (ps)

Fig. S3. Collective variable 1 as a function of time.
CV1 is the number of oxygen atoms belonging to a water molecule or hydroxyl which are less
than 0.23 nm away from the aluminum atom in the C-A-S-H structure considered.
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Fig. S4. Collective variable 2 as a function of time.
CV2 is the distance between the aluminum atom and the oxygen of the bridging silicon in the other
chain, making a cross-linking if it is bonded to the aluminum.
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Fig. S5. 2°Si{*’Al} RESPDOR spectra for GFS samples.

R-RESPDOR (rotation echo saturation pulse double resonance)' reference spectrum (So) are
shown using solid lines while the dashed lines represent the dephased spectrum () are shown in
dashed lines and the GFS in solid lines. The spectra were acquired at 18.8 T magnetic field and 16
kHz MAS at the National High Magnetic Field Laboratory (NHMFL). RESPDOR spectra were
acquired by direct excitation of 2°Si signals followed by rotary resonance recoupling (R*) at 16
kHz rf power. 2°Si n/2 and 7 pulse lengths of 6 and 12 ps, respectively, were used. A 1.5x rotor
period saturation pulse was applied on the 2’Al channel at ca. 40 kHz rf power. The total dipolar
recoupling duration was set to 64 rotor cycles. 32,768 scans and a 1 s recycle delay was used.
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Fig. S6. '"H MAS NMR spectrum at 9.4 T and 35 kHz MAS.
'"H MAS NMR spectra for the GF samples are shown in dashed lines and the GFS in solid lines.

Black color represents the non-carbonated samples, whereas the spectra for the carbonated samples
are shown in green.
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Fig. S7. Simulated *Ca chemical shifts for C-A-S-H (Ca/Si = 0.8)
43Ca NMR chemical shift calculated for the C-A-S-H structures with Ca/Si = 0.8 and aluminum in
all the three coordination as reported in Figure 4 in the manuscript.
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Fig. S8. 2Na MAS NMR spectrum at 9.4 T and 30 kHz MAS.
23Na MAS NMR spectra for the GF samples are shown in dashed lines and the GFS in solid lines.
Black color represents the non-carbonated samples, whereas the spectra for the carbonated samples
are shown in green.
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Fig. S9. Comparison of 2Na MAS NMR spectra for GFS_NC and GFS_C.
The 2*Na spectra for GFS_NC (black) and GFS_C (green) samples recorded at (A) 9.4 T, 30 kHz
MAS and (B) 20 T, 16 kHz MAS.
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Fig. S10. 1D projection of 2*Na 3QMAS spectrum for GFS_NC. The sum projection is taken
from 1Q dimension of the 23Na 3QMAS spectrum.

11



1.0 ppm

6.0 ppm

B1q (**Na) ppm

Fig. S11. Anisotropic slices from 2*Na 3QMAS spectrum for GFS_C. The slices were taken at
different peak positions in the 2*Na 3QMAS spectrum.
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Fig. S12. XRD spectra for the soil

(A) laterite soil, (B) XRD of raw materials used in the experiments, K: Kaolinite, M:
montmorillonite, GI: gibbsite, Q: Quartz , H: hematite.

13



a) t
a 80 Minerals
= * AH3
©
‘q:':; 60 « C3A
E 4 = C3AH6
'E * Andalusite
u% 20 Siliminate '
o _ —— Qverall Trendline
7]
2 0
o 480 500 520 540
oGIPAW Calculated(ppm)
b) €
g ) Minerals
g * Andalusite
& -80 o . )
= + Sillimanite
[«}] ®
E -9 = quartz
'g * Belite
o —— Overall Trendline
u><J -100
)
0
o

-110
405 410 415 420 425 430 435

oGIPAW Calculated(ppm)

Fig. S13. Fitting for the 2°Si isotropic chemical shifts and shielding parameter.
Best fit to a line between the experimental isotropic chemical shifts and calculated isotropic
shielding of (A) aluminate and (B) silicate minerals.
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Table S1. Fit parameters of 27Al MAS NMR spectra for GF_NC, GFS_NC, GF_C, and GFS_C

Site | Sample | diso (ppm) Co (kHz) no LB (kHz) Relative amount
I |[II |II|I II 111 I II 111 I I |Ix|I II 111
GF_NC |60 |61 |74 |187 | 1481 | 160 | 0.253 | 0.119 [ 0.17 | 0.4 [ 1.3 ] 0.8 [ 0.23 | 0.75 | 0.02
GFS_NC | 57 | 60 | 62 | 80 108 | 1061 [ 0.393 | 0.338 | 1.0 06]05]25]0.1 |039]0.51
GF_C 57 158 — | 121 | 1578 | — 0.032 | 0.051 | — 1.4 (3.8 028 [ 0.72 | -
é GFS C |57 )60 |62 ]210 |15 341 | 0.888 | 1.0 0201 | 1.3 (0.7 |43 | 0.26 | 0.01 | 0.73
: GF_NC |9 |10 | 11 | 233 | 1442 | 961 | 0.015 | 0.006 | 0.084 | 0.3 [ 1.3 ] 0.8 [ 0.07 | 0.6 [ 0.32
GFS NC |0 |7 |8 |35 | 1844 | 1809 | 0.005 | 0.459 [ 0.007 | 1.0 [ 1.2 | 2.5 [ 0.1 | 0.21 | 0.69
GF C 4 (10— | 1169 | 1028 | — 0.591 | 0.048 | — 14|14 025 [ 0.75 | —
g GFS C |0 |1 |11 |3 113 [ 238 (0975089 |0439 |14 |25]|18]0.17 | 024 | 0.59
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Table S2. Calculated and calibrated values of *’Al for different species of C-A-S-H.

Type of species Calculated NMR (c6cipaw) value Isotropic chemical shift (0rer)
C-A-S-H AI(IV) 483.33 77.35

C-A-S-H Al(V) 527.29 31.45

C-A-S-H AL(VD) 552.02 5.12
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Table S3. Calculated and calibrated values of *°Si for different species of C-A-S-H.

Type of species Calculated NMR (ccraw) value Isotropic chemical shift (6rcf)
409.82 (Q?) -77.53
415.71 -84.27
C-A-S-H AI(IV)  416.15 (Q%(1Al)) -84.78
414.16 -82.62
408.8 (Q*(1AL)) -76.37
414.46 (Q%) -82.84
417.01 -85.76
C-A-S-H AI(V)  414.5 (Q*(1Al)) -82.88
413.76 -82.04
426.10 (Q*(1Al)) -96.16
414.91 (Q% -83.36
417.20 -85.98
C-A-S-H AI(VI)  417.04 (Q¥(1Al)) -85.79
414.74 -83.16
411.65 (Q*(1Al)) -79.63
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Table S4. Fit parameters of >Na MAS NMR spectra for the GFS_NC and GFS_C sample.

Sample Oiso (ppm) LB (kHz) xG/(1-x)L. Relative Amount
-8.0 1.2 0.3 0.06

Q

ZI -4.0 1.3 0.7 0.11

2 -0.2 1.2 0.7 0.53

&)
4.0 1.9 0.5 0.30
-7.0 1.1 0.0 0.23
-5.0 0.5 0.0 0.02

< -3.0 0.8 0.0 0.18

7))

b= -

T 0.8 0.5 0.8 0.12
1.0 0.8 0.0 0.40
6.0 1.5 0.0 0.05
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Table SS. Significant bands in the FTIR spectra for GF and GFS sample

Wavenumber Bands Assignment
(cm™)
600-400 Si —O-X (X=Si/Al) Bending vibrations**
620-500 Al-O Stretching vibrations in Al(VI)*
870 C-O Bending vibrations of 0-C—O in C03™.*
970 Si-O Stretching vibrations of Q? tetrahedra*’
900- 700 Al-O Stretching vibrations in AI(IV)?
1300-850 Si —O-X (X=Si/Al) Asymmetric and symmetric stretching vibration in
aluminosilicates™
1490-1410 —-C-0 Stretching vibration of CO3~
G,
Overlapping bands of vaterite and calcite’
1650 H-O-H Bending vibrations®
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Table S6. Oxide composition (%) of GGBS, FA, and clay and silt fraction of soil (<75 pm)

Raw materials Ca0 SiO; ALO; Fe;O3; MgO SO; K;O TiO; Other elements
GGBS 386 348 166 04 54 1.6 05 08 <14%

FA 32 60.6 254 52 0.9 - 14 14 <0.8%

Clay and silt fractionof 04  53.1 339 94 - - 1.3 1.2 <05%

soil
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Table S7. Mix composition of alkali-activated binders; NC: non-carbonated, C: carbonated

Mix composition GGBS(g) FA(g) Soi,<75um(g) 8M NaOH (g) Curing condition

GF 75 25 0 74 NC, C

GFS 75 25 26 74 NC, C
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