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Fig. S1. Nanolime characterization. XRD (a), FTIR (b), and TG/DSC (c) analyses show that the 

nanolime was made up of portlandite (Ca(OH)2) crystals with minor amounts of CaCO3 (≤ 5.2 wt%). The 

presence of CaCO3 was likely due to the unavoidable partial carbonation taking place during oven drying 

of the alcohol dispersion (to obtain powder samples) prior to analysis. However, the XRD pattern (a) 

showed no Bragg peaks corresponding to any crystalline CaCO3 polymorph. The FTIR spectrum (b) 

showed, in addition to the intense and sharp O-H stretching band at 3642 cm
-1

 corresponding to 

crystalline Ca(OH)2, a weak broad band centered at 3450 cm
-1

corresponding to the O-H stretching in 

H2O, plus a broad band at 1482-1421 cm
-1

 and a band at 867 cm
-1

 corresponding to the υ3 and υ2 modes of 

carbonate groups, respectively. However, no bands at 713, 745, or 712-700 cm
-1

 corresponding to 

crystalline calcite, vaterite or aragonite, respectively, were detected. In addition, the TG trace (c) showed 

a limited weight loss at 100-350 °C which does not correspond to the dehydroxylation of portlandite (it 

takes place  at 350-550 °C), but to the dehydration of ACC.
S1

 All together, these results show that the 

carbonate phase present in minor amounts was ACC.
S2

 The average size of the nanoparticles determined 

by laser scattering  was 34-400 nm (mode = 138 nm) (d). The N2 sorption isotherm (e) revealed that the 

Ca(OH)2 nanoparticles displayed a type II isotherm, with H3 hysteresis loop, typical of plate-like 

mesoporous solids with slit-shaped interparticle pores. These features are typical of Ca(OH)2 particles 

prepared either via homogeneous or heterogeneous synthesis (i.e., slaked lime).
S3-S5

  

   

70

80

90

100

0 200 400 600 800 1000

T (°C)

M
a
s
s
 (

%
)

-300

-250

-200

-150

-100

-50

0

D
S

C
 (

m
W

)

0

500

1000

1500

2000

2500

3000

0 10 20 30 40 50 60 70

°2q

In
te

n
s
it
y
 (

c
.p

.s
.)

P001

P100

P101

P102

P110

P111 P201

P103

60012001800240030003600

Wavenumber (cm
-1

)

T
ra

n
s
m

it
ta

n
c
e
 (

a
.u

.)

3642

1482
1421

874

a b

c d

0

2

4

6

8

10

12

0.01 0.1 1 10 100 1000

Particle size (µm)

V
o
lu

m
e
 (

%
)

0

30

60

90

0 0.2 0.4 0.6 0.8 1

p /p 0

V
o
l 
(c

m
3
/g

)

d e



S3 

 

 

 

 

 

Fig. S2. FESEM images of portlandite nanoparticles subjected to 3 h carbonation in air at 

room T. a) General overview of the porous structure undergoing carbonation. Each individual 

Ca(OH)2 nanoparticle is being transformed and covered by ACC nanoparticles; b) Detail of 

nanogranular ACC covering individual portlandite nanoparticles. Note that at this stage, XRD 

analysis does not show the presence of any crystalline CaCO3.  
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Fig. S3. XRD patterns of t-dependent CaCO3 phase evolution during nanolime carbonation. 

Legend: P, portlandite; Cc, calcite; V, vaterite; Ar, aragonite. 
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Fig. S4. FESEM images of calcite crystals in partially carbonated nanolime. After 24 h 

carbonation time, nanogranules, presumably ACC nanoparticles (arrows), are observed on calcite 

rhombohedra both in (a) and (b). 
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Fig. S5. In situ Raman spectroscopy analysis of nanolime carbonation following oven-

drying of the nanolime dispersion (1 h at 100°C). a) Raman spectra corresponding to all 

analyses collected over the 24.5 h carbonation time. The inset shows a detail of the spectral 

region corresponding to alcohol (i.e., C-H stretching mode of CH2 and CH3 groups in ethanol). 

Note that the Raman intensity of these bands is negligible. Details of relevant spectral regions 

showing the formation of different calcium carbonate phases (b, c, and d). Note that during the 

early stages of carbonation the band at ~1080 cm
-1

 (b) shows a shoulder that corresponds to 

ACC. This band shifts to higher wavenumbers as carbonation progresses and calcite becomes the 

dominant phase. Legend: P, portlandite, C, calcite. 
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Fig. S6. TG/DSC and XRD analyses of nanolime subjected to oven-drying (1 h at 100°C) 

followed by carbonation for 6 h in air (80 %RH) at room T. a) TG/DSC traces show a 

marked weight loss at 100-350 °C (shaded area 1) and an exothermal peak at 320 °C, 

corresponding to the dehydration and crystallization of ACC (~27 wt%).
S1

 Shaded areas (2) and 

(3) correspond to dehydroxylation of portlandite and decomposition of calcite, respectively; b) 

the XRD pattern of the sample subjected to 6 h carbonation shows no Bragg peaks of crystalline 

CaCO3, other than a minor 104calcite peak corresponding to trace amounts of this phase (blue 

pattern). In contrast, heating this sample to 350 °C for 1 h, results in intense calcite Bragg peaks 

(red pattern). These results show that carbonation of nanolime subjected to (almost complete) 

ethanol desorption (after 1 h heat treatment at 100 °C) involves the formation of ACC during the 

early stages of carbonation. Subsequently, ACC transforms into calcite (in agreement with 

Raman analysis; Fig. S8). The significant reduction in the intensity of portlandite Bragg peaks 

after heating at 350 °C is likely due to the transformation of ACC into calcite, a denser phase, 

forming a surface shield that reduced the intensity of x-rays diffracted by the underlying 

porlandite crystals. Legend: P, portlandite, Cc, calcite. 
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