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Materials. For the synthesis of adsorbents, N-[3-(trimethoxysilyl)propyl]ethylenediamine and N
1
-

(3-trimethoxysilylpropyl)diethylenetriamine and halloysite nanotubes (HNTs) were obtained 

from Sigma-Aldrich. (3-aminopropyl)triethoxysilane was purchased from Alfa Aesar. Toluene 

and ethanol were received from Merck.   

 

 

 

Table S1 List of aminosilanes for the synthesis of adsorbents. 
 

 

Aminosilanes Structure 

(3-aminopropyl)trimethoxysilane 

 

 

 

N-[3-(trimethoxysilyl)propyl] 

ethylenediamine 

 

N1-(3-trimethoxysilylpropyl) 

diethylenetriamine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Fig. S1 Schematic presentation of the synthesis of clay based adsorbents through the 

immobilization of (3-aminopropyl)trimethoxysilane, N-[3-(trimethoxysilyl)propyl] 

ethylenediamine and N1-(3-trimethoxysilylpropyl)diethylenetriamine respectively over the 

surface of HNTs based on the grafting reaction to achieve M-HNTs, D-HNTs and T-HNTs. 
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Fig. S2 XRD patterns of bare HNTs and as-prepared adsorbents, M-HNTs, D-HNTs and T-

HNTs obtained through the surface modification of bare HNTs using three viable amines; (3-

aminopropyl) triethoxysilane (M-HNTs), N-[3-(trimethoxysilyl)propyl]ethylenediamine (D-

HNTs), and N
1
-(3-trimethoxysilylpropyl) diethylenetriamine (T-HNTs) respectively. 
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Fig. S3 FTIR spectra of M-HNTs, D-HNTs and T-HNTs demonstrate the presence of amino 

group in the adsorbents due to the grafting of aminosilanes onto the surface of HNTs. All FTIR 

spectra were recorded in the transmission mode using KBr technique. Throughout the analysis, 

the number of scan was fixed to 50 with a resolution of 2 cm
-1

. 
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Fig. S4 29

Si and 
13

C CP-MAS NMR spectra of HNTs and M-HNTs respectively, recorded using 

a JEOL JNM-ECX400II spectrometer. The chemical shift at – 91 ppm arises due to presence of 

silicon in both HNTs and M-HNTs. The new peak at – 67 ppm in M-HNTs is assigned to the 

tridentate (T
3
) bonded silicon, indicating the hydrolysis of all the three ethoxy groups of (3-

aminopropyl)triethoxysilane, which further demonstrates the formation of new chemical bond 

between the surface hydroxyl groups of HNTs and the organosilane.
1,2

 The chemical shifts at 

11.8, 24.9 and 44.4 ppm in 
13

C CP-MAS NMR spectrum of M-HNTs represent the three carbons 

in the propyl chain of the aforesaid grafted organosilane over the surface of HNTs to form M-

HNTs.  

HNTs M-HNTs 

M-HNTs 
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Table S2 Elemental composition of the adsorbents from CHN elemental analysis. 

 
 

 

 
Adsorbents 

 
C (%) 

 
H (%) 

 

 
N (%) 

M-HNTs 1.81 1.63 

 

0.51 

D-HNTs 2.73 1.96 1.05 

 

T-HNTs 3.71 2.25 1.6 
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Fig. S5 CO2 adsorption capacity of M-HNTs, D-HNTs and T-HNTs at different CO2 

concentration, demonstrating the adsorption efficacy of the adsorbents depends on the feed gas 

concentration. 
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Fig. S6 Ambient CO2 adsorption by bare HNTs at standard pressure and temperature measured 

using OA-ICOS, demonstrating that they hardly possess any adsorption efficiency. 
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Fig. S7 The regeneration and recyclability of M-HNTs, D-HNTs, and T-HNTs adsorbents for 

atmospheric CO2 capture at different moisture concentration, signifying the good thermal 

stability and reusability of all adsorbents even under oxidative environment. 
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Table S3 Comparison of CO2 uptake efficacy of these clay based adsorbents with the reported 

amine based solid adsorbents. 

Adsorbents 
 

Feed gas 
concentration 
[CO2] in vol % 

Amine loading 
(mmolN g-1)  
 

Amine efficiency 
(mmolCO2 mmolN

-1) 
References 
 

APTES39/MCM 100 1.79 0.26 3 

A2-SBA-15 100 4.20 0.34 4 

A2-BPMO 100 4.90 0.44 4 

DWSNT-NH2 100 2.93 0.49 5 

DWSNT-NH-(CH2)2-

NH2 

100 4.57 0.41 5 

DWSNT-NH-(CH2)2-

NH-(CH2)2-NH2 

100 4.93 0.45 5 

APS-MCM-48 100 2.45 0.32 6 

NH2-mag
a
 100 2.20 0.16 7 

NH2-C18-mag
a
 100 2.30 0.52 7 

APS/SBA(1) 15.4 1.11 0.14 8 

AEAPS/SBA(1) 15.4 2.26 0.12 8 

TA/SBA(1) 15.4 2.75 0.13 8 

SBA-NH2 10 1.90 0.21 9 

SBA-diamine 10 2.50 0.28 9 

APTMS/SBA-ex 10 2.43 0.44 10 

AEAPS/SBA-ex 10 3.41 0.29 10 

TA/SBA-ex 10 4.76 0.25 10 

AMPTS/Magnesium 

Phyllosilicate
b
 

5 2.56 0.89 11 

TMSPEDA/Magnesium 

Phyllosilicate
b 

5 3.37 0.84 11 

TMSPETA/Magnesium 

Phyllosilicate
b
 

5 3.24 0.71 11 

HYB-maga28
c
 5 0.220 0.60 12 
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γ-maga28 5 0.276 0.37 12 

M-HNTs 0.04 0.36 0.36 present 

work 

D-HNTs 0.04 0.75 0.25 present 

work 

T-HNTs 0.04 1.14 0.25 present 

work 

 

a:
 
Relative humidity of the gas stream is ~74%. The presence of octadecyl groups in NH2-C18-

mag expanded the interlayer space and help to increase CO2 adsorption capacity; b: Besides 

alkylammonium carbamate other compounds, like silylpropylcarbamates and hydrogen-bonded 

propylcarbamic acids were formed, increasing the efficiency above 0.5; c: HYB-maga28
 
is a 

pillared layered silicates, where lamellas are separated by pillars, allowing CO2 to reach to amine 

site and also the surface SiOH groups also take part in the adsorption process by forming 

silylpropylcarbamates, hydrogen-bonded propylcarbamic acids etc, increasing the efficiency 

beyond 0.5. 

 

APTES: 3-aminopropyltriethoxysilane; A2-SBA-15: N-[3-(trimethoxysilyl)propyl]ethylene-

diamine modified SBA-15; A2-BPMO: N-[3-(trimethoxysilyl) propyl]-ethylenediamine-

modified benzene periodic mesoporous organosilica; DWSNTs: double-walled silica nanotubes;  

APS: 3-aminopropyltriethoxysilane; NH2-mag: 3-aminopropyltriethoxysilane modified 

magadiite; NH2-C18-mag: 3-aminopropyltriethoxysilane and octadecyltrichlorosilane modified 

magadiite; AEAPS: N-(2-aminoethyl)-3-aminopropyltrimethoxysilane; TA: (3-

trimethoxysilylpropyl)diethylenetriamine; SBA-NH2: 3-amino-propyltriethoxysilane 

functionalized SBA silica; SBA-diamine: N-[3-(trimethoxysilyl)propyl] ethylenediamine 

functionalized aminosilicas; AMPTS: 3-aminopropyltriethoxysilane; TMSPEDA: N-[3-

(trimethoxysilyl)propyl]-ethylenediamine; TMSPETA: N-[3-(trimethoxysilyl)propyl]-

diethylenetriamine; γ-maga28: γ-aminopropyltriethoxysilane functionalized magadiite; HYB-

maga28: γ-aminopropyltriethoxysilane functionalized magadiite i.e.; pillared layered silicates. 
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Fig. S8 FTIR spectrum after the adsorption of CO2 on T-HNTs demonstrates the formation of 

alkylammonium carbamate species owing to the adsorption of atmospheric CO2 onto the surface 

of the adsorbent.  
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Table S4 Assignment of FTIR bands after the adsorption of atmospheric CO2 over the surface of 

adsorbent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wavenumber (cm-1) Assignment Species References 

1412 Symmetric stretching COO-  Carbamate  13,14, 15  

1492 Symmetric NH
+
  

deformation  

Ionic carbamate 3,14,15 

1559 N-H deformation Aminosilane 1 

1648 C=O stretching  Carbamic acid 16, 17 

2937 C–H stretching vibration  Aminosilane 1, 18 

3451 N–H stretching vibration  Aminosilane 1 
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