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The cation-exchange organo laponite loaded amine-

terminated dendrimer was a valuable solid adsorbent 

with a highly selective capture capacity for CO2. 
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Selective capture of CO2 by poly(amido amine) 

dendrimer-loaded organoclays 

Kinjal J. Shah,a Toyoko Imaea,b* and Atindra Shuklac,  

Clays loaded poly(amido amine) dendrimer were explored for capture and storage of CO2. The 

loading of dendrimer was promotive in the order of laponite > hydrotalcite > sericite and 

depended on the surface area of clays. The CO2 adsorption on organoclays of laponite and 

sericite with cationic dendrimer increased with the amount of loaded dendrimer. While CO2 on 

pristine laponite was completely released on the desorption process, CO2 on organo laponite 

remained in part after the desorption equilibrium. Since the removal of CO2 from organo 

laponite was almost comparable to that from pristine clay, it can be mentioned that CO2 

adsorbed on the binding site of laponite is almost desorbed but CO2 on the binding site of 

dendrimer is conserved in organoclay. In contrast, in the case of the CO2 adsorption on 

organoclay of hydrotalcite with anionic dendrimer, the diminution of adsorption sites on 

hydrotalcite owing to the occupation by dendrimer were observed. It can be mentioned that the 

cation-exchange organo laponite loaded amine-terminated dendrimer is a valuable solid 

adsorbent with a highly selective capture capacity for CO2. 

 

 

Introduction 

Nowadays, carbon dioxide (CO2) has become a major environmental 

issue, because the increasing CO2 emission is thought to be a main 

contributor to global warming.1 Therefore, capture and storage of 

carbon are a viable strategy for mitigating net CO2 emission during 

continuous use of biofuel for energy productions.2 Then, the growing 

interest of the scientists has been focused towards the ways that this 

gas can be trapped from emission sources, for instance, in an 

adsorption technique for effective CO2 capture from the air 

atmosphere.3,4 However, there are currently no efficient methods 

available for separating CO2 from atmosphere.5 Over a last few 

decades, many materials were used for CO2 adsorption such as 

porous materials, membranes, solutions, etc.2,6-9 However, the 

removal of CO2 through single adsorbent has its limits. In this 

investigation, the improvement of adsorption capacity of clay using 

dendrimer was focused, since the clay is very popular adsorbent and 

dendrimer has capability to encapsulate small molecules.10,11 

Solid adsorbents have been developed due to their large 

specific area and specific molecular recognition towards CO2.
12 The 

main advantage of solid adsorbents is that the capture of CO2 occurs, 

when a CO2-containing gas is passed through in contact with these 

solid adsorbents. For industrial application, low-cost solid 

adsorbents with high capture capacities must be easy produced and 

regenerated, in spite of difficulties in scaling up of production.12 In 

recent years, the adsorption of CO2 is most investigated on surfaces 

of oxide,13 zeolite,14 silica15 and clay16 materials, metal organic 

frameworks,17 activated carbons,18 dendrimers or amine supported 

materials16,19 and polymer materials.7 Especially, layered silicate 

clays have been proven to be the adequate materials for surface 

modification by organic molecules such as surfactants and 

dendrimers20-22 due to their large surface areas, high ion exchange 

capacities and unique structural properties such as nanometer-sized 

platelets with infinitesimal cross-sectional area.23 Clays provide 

many active sites, on which the adsorption of inorganic and organic 

contaminants from aquatic environment is possible.24  

The adsorption of CO2 on primary amine is not a new concept 

in science, since it occurs in nature as exampled by the CO2 capture 

of lysine amino acid.25 Amine-loaded adsorbents have been prepared 

by two approaches such as surface grafting of aminosilanes and 

physical adsoption of amine-containing species on adsorbents.3 

Poly(amido amine) (PAMAM) dendrimers are organic molecules 

characterized by their highly branched three dimensional spherical 

shapes with a large number of functional terminal groups. For 

example, fourth-generation (G4) PAMAM dendrimer can load 64 

primary amine terminals. Since the number of practical binding sites 

(nitrogen containing groups) in PAMAM dendrimer increases as 

increasing the generation of dendrimer, the number of CO2 

molecules to interact with dendrimer should also increase. For 

capture and separation of CO2, zeroth generation (G0) PAMAM 

dendrimer has been immobilized in pores of a polymer membrane.26 

Otherwise, composites of hydroxyl-terminated PAMAM dendrimer 

and clay are used for adsorbing air pollutants, specially CO2,
27 but 
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the quantum of adsorption and the elucidation of adsorption sites are 

a new area for discussion.  

 The objective of this research is in the development of 

advanced CO2-adsorbent materials with effective capture and 

storage abilities. The developed solid adsorbents are 

organoclays consisting of PAMAM dendrimer and clay, where 

amines of a dendrimer in addition to pores of clay are binding 

sites of CO2. Cation-exchange clay (laponite and sericite) and 

anion-exchange clay (hydrotalcite), respectively, were 

hybridized with G4.0 and G4.5 (amine- and carboxylate-

terminated, respectively) PAMAM dendrimers. For the 

assessment of loading of the dendrimer on the clay, the 

organoclays were analysed by means of microscopes and 

methodologies of surface chemistry. Adsorption and desorption 

studies of CO2 gas were carried out by the gravimetric method. 

The behaviours of adsorption and desorption were compared 

among three systems. 

Experimental 

Materials 

Laponite (XLG) and hydrotalcite clays were purchased from 

Southern Clay Products Inc. and Wako Chemicals, respectively, 

and sericite clay (FSN) was donated by Sanshin Mining Ind. 

Co. Ltd. Concentrated HCl was provided by Fisher Chemicals. 

Methanol solutions of G4.0 PAMAM dendrimer with amine 

terminals (molecular weight 14213) and G4.5 PAMAM 

dendrimer with sodium carboxylate terminals (molecular 

weight 26,258) were purchased from Sigma Aldrich. All 

chemicals above were used without purification. 

Instrumentation and techniques 

Ultraviolet (UV)-visible absorption spectra were measured 

using a Jasco V-670 series UV spectrometer with a 1 cm quartz 

cell. A thermogravimetric analysis (TGA) was carried out at a 

scan speed of 10 OC/min under N2 gas flow on a Q500 TA 

instrument. Particle size and zeta potential were measured using 

a Nano Particle Analyser (SZ 100, Horiba). The microscopic 

observation was performed using a transmission electron 

microscope (TEM), Hitachi H-7000), equipped with a CCD 

camera, operating at a voltage of 100 kV. An atomic force 

microscope (AFM) (Veeco, Digital Instrument Nanoscope III) 

was operated at the contact mode. The aqueous dispersion of 

sample powder was dropped on a freshly cleaved mica 

substrate and dried. The Brunauer–Emmett–Teller (BET) 

surface area was evaluated from N2 adsorption–desorption 

isotherm using a NOVA 1000e surface area analyser. An X-ray 

diffraction (XRD) analysis was performed on a Bruker D-8 

advance X-ray powder diffractometer having CuKα radiation (= 

1.5418Å). The measurement was scanned in 2Ө range of 2 to 

20 degrees. 

Preparation of organoclays 

Solvent (methanol) of a PAMAM dendrimer solution were 

dried by treating with nitrogen gas flow for 1 h at room 

temperature. Water and clay materials were added to the 

dendrimers at the stoichiometric weight ratio (0.1 – 0.7 of 

dendrimer/clay), where the clay concentration was kept 

constant. The intercalation process was achieved by adding 

concentrated HCl drop wise into the suspension to maintain pH 

(3 - 7) and by stirring for 2 days at 70 OC in order to attain the 

intercalation equilibrium as previously reported.20 After the 

reacted suspension was centrifuged at 6000 rpm for 5 min, the 

determination of free dendrimers in the supernatant was 

performed by measuring the UV-visible absorption spectrum. 

The residual organoclays were treated several times with 

washing with water and centrifuging at 6000 rpm for 5 min to 

remove free dendrimers. The purified organoclays were dried in 

vacuum for 6 h at 40 OC, following the grind by a pestle in 

mortar to achieve uniform size. The organoclays prepared by 

mixing sericite and laponite with G4.0 PAMAM dendrimer and 

hydrotalcite with G4.5 PAMAM dendrimer at various weight 

ratios were termed as Sern, Lapn and Hydn, where n indicates 

the weight proportion of dendrimer against clay. 

Procedures of adsorption and desorption 

Adsorption and desorption experiments were carried out on a 

TGA instrument. The adsorption measurement was carried out 

at N2 gas flow (balance chamber) and CO2 (pure) gas flow 

(sample chamber) with flow rates of 40 and 60 mL/min, 

respectively, at an isotherm condition of 300 min for all 

organoclays. Temperature dependence for CO2 and N2 

adsorption was carried out on organoclay (Lap0.7) at different 

temperatures with the same flow rates of gases and the same 

measurement time. Clays and organoclays for desorption 

experiments were prepared first by removing the moisture 

under N2 atmosphere and by adsorbing CO2 for 100 min at 

room temperature. Then the desorption experiment was 

performed for 200 min at 40 OC under the flow of N2 gas.  

Results and Discussion 

Characterization of dendrimer-loaded organoclays 

 
Organoclays were prepared by mixing clays with PAMAM 

dendrimers at different weight ratios and by treating at acidic 

condition and high temperature following to the previous report.20 

Cation-exchange laponite and sericite clays were treated with 

cationic (amine-terminated) G4.0 dendrimer, and anion-exchange 

hydrotalcite clay was with anionic (carboxylate-terminated) G4.5 

dendrimer. Figure 1 and Figure S1(A) present UV-visible absorption 

spectra of supernatants in reaction suspensions, which are attributed 

to free PAMAM dendrimer nonloaded on cation-exchnage (sericite 

and laponite, respectively) clays. A PAMAM dendrimer solution had 

an absorption band at 280 nm, and its absorbance changed 

depending on pH of reaction suspensions. Then the loaded amount of 

dendrimer on clays can be calculated from such decrease of 

absorbance. Inset in Figure 1 and Figure S1(A) is a plot of dendrimer 
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loading on sericite clay at different pH. From this plot, the optimum 

pH for high loading was found to be pH 4. High loading can be 

contributed from high protonation of amine in dendrimer at acidic 

pH28 and easy cation exchange of sericite and laponite.29-31 

Nevertheless, the decrease of loading at lower pH (< 4) is owing to 

the thinning (or shielding) of electric double layer by condensation 

of counter ions. High loading was also observed at pH 4 even for the 

loading of carboxylate-terminated dendrimer on anion-exchange 

(hydrotalcite) clay (Figure S1(B)). The carboxylate-terminated 

dendrimer is negatively charged at pH > 4.32 Thus, the preparation of 

reaction suspensions was carried out at pH 4.  

Fig. 1 UV-visible absorption spectra of supernatants after the 

loading procedure of PAMAM dendrimer (10 mg) on sericite 

clay (100 mg) at different pH. Solid line with highest 

absorbance indicates an absorption spectrum of an aqueous 

dendrimer solution without treatment with clay. Inset is the 

comparison of dendrimer loading against clay at different pH. 

 The weight loss experiment in TGA showed that the pristine 

sericite clay exhibited a weight reduction (5.3 %) under heating 

up to 900 OC in nitrogen atmosphere due to removal of 

component OH (Figure 2), although the observed loss was 

smaller than the calculated content (8.5 %) of OH in sericite 

clay (KAl2AlSi3O10(OH)2). In TGA results of organoclays as 

shown in Figure 2, the first weight loss occurred around 200 - 

380 OC and the second gradual loss was completed up to 700 
OC, where dendrimer and OH component of clay were removed, 

respectively. Then the loading of PAMAM dendrimer in the 

clay was calculated as a weight difference between pristine clay 

and organoclay at 900 OC and found to be in the range of 5.5 to 

28.4 wt% for 0.1 – 0.5 dendrimer/clay weight mixing ratio. 

 
Fig. 2 TGA of PAMAM dendrimer-loaded sericite at different 

dendrimer/sericite weight mixing ratios in comparison with 

dendrimer. 

 The amounts of PAMAM dendrimers loaded on three clays 

by exchange of inorganic ions, which were estimated from 

TGA, are given in Figure 3. The common feature of dendrimer 

loading on three clays was that the loading amount was 

increased initially with dendrimer content and saturated at 

higher dendrimer content. Saturation happened at dendrimer 

content in order of sericite < hydrotalcite < laponite, and the 

saturated loading amount was enlarged in this order (see Table 

1). The loading behaviour can be compared with the ion 

exchange capacity22,29-31 and the particle size of clay, as seen in 

Table 1. The increase of dendrimer loading on clay is consistent 

with the decrease of particle size, but does not necessarily 

accord with the order of ion exchange capacity. Then the 

highest loading on laponite can come from smallest platelet 

size, which causes large specific surface area and a large 

number of sites for loading.33  

 

Fig. 3 Dendrimer loading on organoclays as a function of 

dendrimer/clay weight mixing ratio. 
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Table 1  Characteristics of pristine and organoclays. 

 

Clay/organoclay Ion 

exchange 

capacity 

(meq/g) 

Loading 

of 

dendimer 

per clay  

(g/g) 

Particle 

size 

(nm) 

Zeta 

potential 

(mV) 

 

Lap0.0 0.7527  42 -111.0 

Hyd0.0 3.3026  130 8.5 

Ser0.0 0.2528  631  -38.5 

Lap0.7  0.40 133 140.0 

Hyd0.6  0.32 248 -46.5 

Ser0.5  0.28 781  8.0 

 As seen in Figure 4(A) and supporting information Table 

S1, particle sizes of organoclays were increased with increasing 

of added dendrimer and finally saturated. The increase of 

particle sizes from pristine clay was nearly three times for 

laponite and two times for hydrotalcite, while such drastic 

variation of size could not occur on sericite. Such behaviour 

can be connected with the amount of dendrimer loading on 

clay. PAMAM dendrimer adsorbs outer surface of the clay and, 

at the same time, it can penetrate into interlayer of clay. When 

dendrimer was intercalated between layers of clay, the 

interlayer distance of clays can increase about four times, as 

determined using reflectometry.34 In addition, dendrimers 

adsorbed on outer surface may give rise to clay agglomerates, 

and the agglomeration can easy occur for abundantly 

dendrimer-adsorbed clays and small-sized clays like laponite. 

Similar agglomeration by dendrimer has been reported for latex 

particles.35  

 

 

Fig. 4 (A) Particle size and (B) zeta potential of pristine and 

organoclays as a function of dendrimer/clay weight mixing 

ratio. 

 
Since cationic dendrimers should be loaded on cation-

exchange clays and vice versa, the loading process will effect on 

overall electrical properties of clays. Zeta potentials of three 

organoclays were plotted as a function of mixing content of 

dendrimer in Figure 4(B). On cation-exchange clays of laponite and 

sericite, zeta potentials varied from negative to positive with an 

increased amount of positively charged amine-terminated dendrimer, 

while on anion-exchange hydrotalcite clay, zeta potentials changed 

from positive to negative, as a dendrimer has a negatively charged 

carboxyl terminals. Then, as well as the behavior of particle size, the 

zeta potential values were saturated at high dendrimer contents, 

where the saturation happened just at the same concentration with 

the saturation of dendrimer loading. This indicates that the behavior 

of zeta potential variation is related to that of the amount of 

dendrimer loaded on the clay. As seen in Table 1, the saturated zeta 

potential of laponite were higher than that of sericite, and this 

tendency is consistent with that of dendrimer loading on clay as seen 

in Figure 3. When the variation of the zeta potential from pristine 

clay to loading-saturated clay was calculated (see Table 1), the 

tendency of the variation was qualitatively consistent with the 

dendrimer loading, although the variation was not quantitatively in 

proportion with the loading amount of the dendrimer and the 

variation on laponite was larger than other clays. This result 

indicates that the zeta potential reflects any factor besides the 

loading of dendrimer. 
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The BET surface areas and pore sizes of pristine clays and 

organoclays at the saturated loading amounts of dendrimers on clays 

are listed in Table 2. Laponite had a significantly large BET surface 

area compared to hydrotalcite and sericite due to its small platelet 

size. Furthermore, it can be seen that the available BET surface area 

decreased remarkably on laponite and moderately on hydrotalcite 

and sericite, after PAMAM dendrimer was loaded, in consistency 

with the high loading of dendrimer on laponite because of the large 

surface area of laponite. The pore size of organoclays increased 3, 

1.5 and 1.1 times larger than pristine clays in the case of laponite, 

hydrotalcite and sericite respectively, depending on significant 

loading of modifier, namely, PAMAM dendrimer, in the clay pores. 

Table 2 compares d-spacing from XRD between pristine clays and 

organoclays. Since the inorganic ions inside the interlayer space of 

clay were replaced by PAMAM dendrimers, the layer repeating 

distance (d-spacing, about 1 nm) of pristine clays increased 

commonly about 1 nm for all organoclays. This is reasonable, since 

dendrimers can be intercalated in the interlayer of clay by planularly 

distorting and as a monomolecular layer,20 independent of clay 

species. Maximum d-distance of 21 nm is rather thinner than the size 

of dendrimer in solution.36 Shape change of dendrimer to become 

“pancake” can  happen in the organoclays because of flexible 

configuration of dendrimer.34,37 Similar shape change of dendrimer 

has been reported on substrate and between bilayers.38,39 

Table 2 BET surface area, average pore size and d-spacing of 

pristine and organoclays. 

Clay BET 

Surface 

area (m2/g) 

Average pore 

size (Å) 

d-spacing 

(Å) 

Lap0.0 358   27.5   9.9 

Hyd0.0 59 142.0   9.8 

Ser0.0 12 103.0 10.0 

Lap0.7 107 78.3 21.4 

Hyd0.6 41 213.1 17.3 

Ser0.5 9 114.9 20.8 

 

To investigate the morphologies of pristine clay and 

organoclay, TEM and AFM observations were performed. Figure 5 

shows TEM photographs of pristine (Ser0.0) and organoclay 

(Ser0.1) of sericite. Organoclay of sericite was still keeping a flat 

sheet texture even after the dendrimer was adsorbed on clay (see 

Figure 5(B)). Whereas, while the pristine clay displayed the smooth 

surface and edge (Figure 5(C)), the organoclay showed the presence 

of many small spots on the surface and edge, as compared with 

Figure 5(D). Since the size of spots is around 4nm, these spots can 

be assigned to be PAMAM dendrimers. 

AFM images of pristine sericite (Ser0.0) and its organoclay 

(Ser0.5) are shown in Figure 6. The images (Figure 6(A) and 6(B)) 

indicated the accumulation of clay plates. While the surface analysis 

(Figure 6(C)) on clay revealed the flatness of the clay surface 

(roughness: 0.6 nm), the AFM image of the organoclay pointed out 

the surface with about 3 - 4 nm roughness as shown in Figure 6(D). 

This texture gives a confirmation of PAMAM dendrimer on the clay. 

The existence of the dendrimer on the clay observed by TEM and 

AFM was also confirmed by the zeta potential and BET results, as 

described already. 

20 nm

(A)

2 μm

2 μm

(B) (D)

(C)

20 nm

 

Figure 5 TEM Images of (A and C) pristine (Ser0.0) and (B and D) 

organo sericite (Ser0.1). 
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Fig. 6 AFM Images of (A and C) pristine (Ser0.0) and (B and D) 

organo sericite (Ser0.5). 

 

CO2 adsorption and desorption 

 

The ideal solid material as a candidate for CO2 capture should 

possess effective CO2 selectivity, high adsorption capacity and easy 

regeneration. Then, the following factors must be taken into account 

for selecting the adsorbents; that is, the efficiency and temperature of 

reaction. The CO2 adsorption of pristine clay and organoclays with 

different loading amount of PAMAM dendrimer, which was 
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measured at room temperature under CO2 atmosphere, is shown in 

Figure S2. In common, the CO2 adsorption started after exposed the 

clay or organoclay to CO2 gas and then reached saturation at any 

reaction time, although some systems did not reach the saturation 

even after 300 min reaction. The amounts of CO2 adsorption at 300 

min reaction for three clays are plotted in Figure 7 as a function of 

mixing ratio of dendrimer and clay. Pristine clays had their 

individual CO2 adsorption capacities. Among them, laponite (cation-

exchange clay) had the highest CO2 adsorption capacity, and 

hydrotalcite (anion-exchange clay) had a higher CO2 absorption 

capacity than sericite (cation-exchange clay). This suggests that CO2 

adsorption is not affected by only charge of clays, but other factors 

like surface area also influence on the adsorption properties. As 

shown in Table 2, pristine clays have BET surface areas in the order 

of laponite > hydrotalcite > sericite. It should be noted that clay with 

high surface area possesses high probability of CO2 adsorption. 

 
Fig.7   CO2 adsorption on pristine and organoclays as a function of 

dendrimer/clay weight mixing ratio. 

 

After the loading of PAMAM dendrimer on clay, two types of 

behaviours depending on clays were observed during the CO2 

adsorption as shown in Figure 7. For both cation-exchange clays 

(laponite and sericite), adsorption amounts of CO2 were increased 

with loading cationic dendrimer. Since the BET surface areas of 

organoclays were lower than pristine clays (see Table 2), the pristine 

clay with high surface area may exhibit high CO2 adsorption from a 

commonsense. However, Figure 7 revealed that CO2 adsorption was 

higher on organoclays than on their pristine laponite and sericite. 

These results suggest the possibility of CO2 adsorption on dendrimer 

loaded on clays beside the adsorption on clay surface. As the loading 

of PAMAM dendrimer increases, CO2 adsorption on laponite and 

sericite clays increased in parallel each other. This behaviour can be 

compared with the dendrimer loading on clays (see Figure 3). 

 

Meanwhile, for anion-exchange hydrotalcite clay, the CO2 

adsorption was contrary decreased with increasing dendrimer 

content, different from cases of laponite and sericite. In this case, 

G4.5 PAMAM dendrimer terminated by carboxyl group may not 

adsorb CO2 because of no affinity between them. Although the 

pristine hydrotalcite can adsorb CO2 due to enough large BET 

surface area, the capacity of CO2 adsorption on clay is diminished by 

the occupation of clay surface by dendrimer and, therefore, CO2 

adsorption on organoclay goes down from the adsorption on pristine 

clay. When the proportion of dendrimer to clay was increased, CO2 

adsorption was almost saturated above Lap0.5, and similar saturation 

happened at Ser0.3 and Hyd0.4. These proportions of dendrimer for 

saturation of CO2 adsorption are consistent with the proportions for 

saturation of dendrimer loading on clays, particle size and zeta 

potential of organoclays. This consistency suggests that CO2 

adsorption is involved in these factors. 

 

Temperature is one of the important parameters on CO2 

adsorption. The experiment by means of the TGA showed that both 

CO2 and N2 adsorptions decreased with an increase in temperature as 

shown in Figure S3, which plots the adsorption of CO2 and N2 on 

Lap0.7 up to 300 min at various temperatures. Then the adsorption 

amounts of CO2 and N2 at 300 min were plotted in Figure 8(A) as a 

function of temperature. Figure 8(A) indicates that the adsorption of 

N2 gas at temperature below 150 OC was almost negligible compared 

to CO2 gas, suggesting no efficient affinity of this organoclay with 

N2 gas. Meanwhile, the amount of CO2 adsorption decreased from 

0.02 g/g clay at 30 OC to almost zero at 150 OC. The same trend of 

decreasing adsorption of both CO2 and N2 gases was also seen at 

temperatures from 150 to 190 OC, but during this temperature raise, 

the corresponding weight underwent a negative change, which 

suggests the weight loss of organoclay. 

 
Fig. 8 (A) Temperature dependence of CO2 and N2 adsorption on 

organo laponite (Lap0.7). (B) TGA of pristine (Lap0.0), organo 

laponite (Lap0.7) and PAMAM dendrimer in comparison with 

calculated organo laponite (Lap0.7). 
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In order to interpret the temperature dependence of CO2 

adsorption, TGA of pristine laponite (Lap0.0), laponite organoclay 

(Lap0.7) and dendrimer were measured. It could be seen from Figure 

8(B) that while the component weight loss of clay along with 

temperature rise was very less, the weight loss of organoclay 

increased with temperature and the profile of weight loss was 

consistent with the calculation, which was carried out based on the 

0.7 mixing proportion from data of Lap0.0 and dendirmer. The 

weight loss of dendrimer at temperature below 190 OC is known to 

be due to the removal of volatile chemicals such as water and 

methanol, but not the decomposition of dendrimer.40 Thus, the 

temperature-depending apparent decrease of CO2 adsorption is 

underestimated because of the removal of volatile chemicals from 

dendrimer: The removal of volatile chemicals overcomes the CO2 

adsorption at temperature above 150 OC, and then the apparent CO2 

adsorption becomes negative. 

 

 From the viewpoint of practical application, the adsorption 

on adsorbents should be specified for their components, for 

instance for clay and dendrimer in organoclay. Then desorption 

experiments were performed on pristine and organoclays of 

laponite to determine the desorption ability of adsorbents. The 

representative data are shown in Figure 9(A), which plots the 

adsorption (100 min) and desorption (200 min) processes of 

CO2 gas on Lap0.0 and Lap0.5 clays at 40 OC. The adsorption 

and desorption processes happened exponentially with time and 

approached to saturation of adsorption and desorption, 

respectively. Then adsorbed ((a), at 100 min), desorbed ((d), at 

300 min) and remained (a-d) amounts of CO2 on clays were 

plotted in Figure 9(B) as a function of mixing proportion of 

dendrimer. It can be seen that the adsorbed CO2 molecules were 

desorbed 100 % for the pristine clay, but they on the organoclay 

remained. The remaining CO2 molecules were almost 

comparable to the increased amount with increasing proportion 

of dendrimer. This suggests that CO2 molecules adsorbed on 

clay surface are almost released, but CO2 molecules captured by 

dendrimer remain in organoclays. 

 

 
Fig.9  (A) CO2 adsorption/desorption on pristine (lap0.0) and organo 

laponite (lap0.5). (B) CO2 contents on pristine and organo laponite 

as a function of dendrimer/laponite weight mixing ratio. (a) 

adsorbed, (d) desorbed and (a-d) remained. 

 

Based on the results obtained in this investigation, the aspect 

of adsorption and desorption of CO2 on pristine clay and organoclay 

of laponite is presented in Scheme 1. In case of the addition of 

dendrimer having cationic terminal groups, the adsorption of the 

dendrimer is governed by ionic exchange of small inorganic ions on 

cation-exchange laponite clay and attracted by electrostatic 

interaction on the clay. The exchange occurs on the clay surface and 

in the interlayer of clay sheets. On the latter case, d-spacing of sheets 

is expanded, as observed by XRD. 

Ion exchange 
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Scheme 1 Estimated process of dendrimer loading and CO2 

adsorption/desorption on laponite. 

Although pristine laponite does not have any reactive sites for 

CO2 gas molecules, some gas molecules are adsorbed on clay surface 

and in interlayer of clay due to the existing adsorption pores in the 
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clay. This phenomenon can be called as physisorption of CO2 gas 

molecules on clay moiety. In case of laponite organoclays, the 

adsorption capacity of CO2 gas is higher than that of pristine clay, 

because organoclays have additional adsorption site beside pores on 

clay to capture CO2. The additional site must be on dendrimer 

moieties in organoclays; maybe, amines of dendrimer. 

 

During the desorption process of pristine laponite, CO2 gas 

molecules remove mostly from clay, since CO2 molecules very 

loosely bond, maybe, by van der Waals attraction on pristine clay. 

On the other hand, on the desorption process of organoclays, CO2 

adsorbed on clay moiety of organoclays can easy remove as well as 

on the pristine clay. However, remaining CO2 molecules bind too 

tightly on dendrimer moiety to remove. This suggests that the 

adsorption on dendrimer moiety has high affinity towards CO2 gas 

for adsorbing tightly. 

Conclusions 

 In this work, low cost and commercially available nanoclays 

have been used to develop dendrimer-loaded solid adsorbents 

for CO2 adsorption. The high loading of dendrimer on the 

adsorbents depends on the size and binding site of clay 

materials, as confirmed by a series of characterization 

experiments like TEM, AFM and particle analyser. Laponite 

clay, which has high ion exchange capacity, provides more 

favourable cation-exchange sites for cationic PAMAM 

dendrimer than sericite with low ion exchange capacity. For 

anion-exchange hydrotalcite clay, anionic dendrimer is 

adequate to reach enough loading of dendrimer.  

 

 The capability of CO2 gas adsorption on pristine clays is the 

same order as the dendrimer loading, that is, laponite > 

hydrotalcite > sericite. However, the behaviour of CO2 

adsorption on organoclays does not follow this order. Cation-

exchange clays (laponite and sericite) behave similar each 

other. They have at least two binding sites of clay and 

dendrimer moieties in organoclays. While CO2 molecules 

adsorbed on pristine clays are desorbed mostly, CO2 adsorption 

on organoclays increases with increasing the loading of 

dendrimer, but some CO2 molecules on organoclays remain 

after desorption procedure. This indicates that CO2 molecules 

adsorbed on binding sites of dendrimer are not easy desorbed. 

Meanwhile, CO2 adsorption on organo hydrotalcite rather 

decreases with increasing dendrimer content. This mentions 

that carboxylate terminals on dendrimer adsorbed on 

hydrotalcite keep off CO2 molecules from the adsorption on 

dendrimer and clay. This indicates that organoclays consisting 

of dendrimers with different types of terminal groups (amine or 

carboxylate) are differently responsible for CO2 capture.  

 

 Thus, this study shows that solid adsorbents with a highly 

selective capture capacity can be made from low cost 

nanoclays, which work over a wide range of capture conditions. 
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Table SI Particle size of clays and organoclays. 

 

Fig. S1. UV-visible absorption spectra of supernatants after the 

loading procedure of PAMAM dendrimer (10 mg) on sericite 

clay (100 mg) at different pH. Solid line with highest 

absorbance indicates an absorption spectrum of an aqueous 

dendrimer solution  without treatment with clay. Inset is the 

comparison of dendrimer loading against clay at different pH. 

(A) laponite; (B) hydrotalcite. 

 

Fig. S2. Time-course CO2 adsorption on pristine and organo 

clays at different dendrimer/clay weight mixing ratios. (A) 

Laponite, (B) hydrotalcite, and (C) sericite. 

 

Fig. S3. Time-course (A) CO2 and (B) N2 adsorption on organo 

laponite (Lap0.7) at different temperatures. 
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