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Abstract
In this work, a simple and facile approach is conducted for preparing many new SBA-15 supported dendritic imidazolium 
ILs heterogeneous catalysts SBA-15/IL(1–3) having high ionic density from SBA-15. SBA-15/IL(3) as a green heteroge-
neous catalyst can be used for synthesis of 2-imidazolidinone from ethylenediamine and carbon dioxide and considering 
solvent-free condition. SBA-15/IL(3) showed to have the highest catalytic activity besides a positive dendritic influence on 
the yields of the synthesis of 2-imidazolidinone in the presence of CO2 is seen because of existing the high-density peripheral 
zwitterionic ionic liquid functional groups on the biobased SBA-15/IL(3) catalyst surfaces.

Graphical Abstract

SBA-15 supported dendritic ILs as a green catalysts for 
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1  Introduction

Usually, many diamines reactions having many types of rea-
gents utilized as carbonyl sources like carbonyl selenide [1], 
phosgene, urea, organic carbonates [2, 3], dithiocarbonate 
[4] and carbonyldiimidazole [5]. The reaction process of 
CO2 with a diamine is a direct eco-friendly procedure in the 
synthesis of cyclic urea from the toxic point of mentioned 
reagents. In the term of this reaction, scholars demonstrated 
homogeneous catalysts like TBA2[WO4] [6] and Ph3SbO/
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P4S10 [7] as efficient catalysts together with many limitations 
such as recyclability, catalyst separation, and high cost of 
catalyst production. In the Refs. [8] and [9], scholars have 
suggested non-catalytic approaches to synthesis cyclic urea, 
directly, from diamine and CO2. The related reactions are 
done considering harsh conditions like temperature higher 
than 200 °C, and a pressure higher than 6.0 MPa. For this 
reaction, only a few studies are reported in the case of het-
erogeneous catalysts. In the Ref. [10], polyethylene-glycol-
supported potassium hydroxide is introduced as an efficient 
catalyst to synthesis cyclic urea from carbon dioxide and 
diamine, directly demonstrated a low yield of cyclic urea, 
under 80 bar pressure of carbon dioxide and at the tempera-
ture of 150 °C. This catalyst showed a low yield of product, 
at a pressure of 70 bar carbon dioxide and 140 °C. CeO2 
synthesized by biopolymer template method gave low yield 
for cyclic urea at 6 bar carbon dioxide pressure and 150 °C 
[11]. Tomishige et., al have proposed pure commercial CeO2 
as the most impressive catalyst among many different metal 
oxides like Al2O, CaO, La2O3, TiO2, MgO, Pr6O11, ZnO and 
ZrO2. However, the catalyst of CeO2 demonstrated appro-
priate catalytic activity in the case of CO2 as well as amine 
reaction [10, 12–18].

Mesoporous silica materials can be used as a platform 
for many applications in diagnosis, therapeutics and phar-
maceuticals [19]. SBA-15 as a mesoporous silica material, 
is widely utilized as supports in the case of heterogeneous 
catalysis due to the dispersity of active sites. In addition, for 
increasing the efficiency of mentioned materials, one can 
cofunctionalize them by other functional groups [20–22]. 
Moreover, SBA-15 can be utilized in wastewater purifica-
tion, treatment and gas separation [23]. It is mesopore-rich 
and showed to have considerable internal surface area, high 
hydrothermal, plentiful surface hydroxyl groups and appro-
priate mechanical stability. Currently, in cases of catalyze 
reactions, a substantial number of catalysts like ionic liquids 
(ILs) [24, 25] as well as transition metal complexes [26, 27] 
were evaluated to be immobilized on SBA-15. Moreover, 
these immobilized catalysts demonstrated appropriate recy-
clability. SBA-15 is thought to be proper choice for stably-
supporting multi-site ILs due to having mesoporous channel 
and plain loading [28–31].

Dendrimers are widely utilized in the field of catalysis 
because of their highly branched tridimensional structures 
and abundant peripheral groups as well as inimitable den-
dritic effects [32, 33]. Immobilization of dendrimer catalyst 
on support materials is an appearing area which attracted 
more consideration from chemists due to their simple and 
easy recoverability and reusability [34–36]. ILs as green 
chemistry compounds are utilized widely because of hav-
ing promising attributes such as low flammability, low 
vapor pressure, good stability and so on. The adjustability 
of structure is known as the most significant characteristic 

of these compound. By the use of many functional groups 
in cations and anions having distinct structures, the physical 
and chemical attributes of ILs has been adjusted. Dendritic 
ILs (DILs) that have the properties of both dendrimers and 
ILs, were utilized in the fields of adsorption of heavy metal 
cations, transporters and catalysis [37, 38].

In this paper, many novel SBA-15 supported dendritic 
zwitterionic ionic liquid heterogeneous catalysts together 
with high-density active sites SBA-15/IL(1), SBA-15/IL(2), 
and SBA-15/IL(3) from SBA-15 (Scheme 1) are provided 
and after that are used as highly efficient and recyclable het-
erogeneous catalysts for synthesis of 2-imidazolidinone from 
CO2 and ethylenediamine under mild conditions, as can be 
seen in Scheme 2. The high yields of appropriate 2-imi-
dazolidinone can be achieved. The heterogeneous catalytic 
system is known to be reusable and stable for the synthesis 
of 2-imidazolidinone.

2 � Experimental Section

2.1 � General Approach for the Synthesis of SBA‑15 
NPs

SBA-15 is produced based on the Ref. [39]. TEOS is uti-
lized as Pluronic (P123) and silica source is utilized as tem-
plate. Firstly, 8.0 g of P123 and a constant amount of TEOS 
equal to 14.0 g are slowly added to an aqueous solution of 
HCl (3 mol/L, 180 ml) along with 70 g of water. For a day, 
whole considered mixtures is stirred under the temperature 
of 40 °C and after that was heated to the temperature of 
120 °C for another 20 h considering static conditions. In the 
next step, the mesoporous material is filtered, washed by 
water up to when no Cl − is not detected. The result com-
pound is dried under the temperature of 45 °C considering 
vacuum condition. After that, the dried sample is dissolved 
in methanol and sonicated under the temperature of 45 °C 
for 15 min, then was filtered and repeated for four times. In 
the last step, the resulted compound is dried under vacuum 
under the temperature of 40 °C for obtaining SBA-15.

2.2 � The Synthesis of Amino‑Modified SBA‑15 
(SBA‑15/APTS)

A small amount of SBA-15 equal to 5.0 g are released in 
75 mL of NaOH solution (1.5 M). The obtained mixture is 
refluxed by applying the temperature of 150 °C at 1 h for 
improving its hydrophilicity. Then, the obtained fibers are 
washed for more than three times by water up to when the 
wash-water pH became neutral. Then, the activated fibers 
are dried in a vacuum oven and under 70 °C at 7 h and the 
activated luffa sponge fibers are functionalized by APTS for 
the preparation of amino-modified SBA-15/APTS. In detail, 
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4.0 g of activated luffa sponge fibers mixture and 7.0 mL of 
APTS, in 75 mL anhydrous ethanol is stirred under the tem-
perature of 80 °C at a day, magnetically. After that, SBA-15/
APTS is filtered and then washed by EtOH for three times 
and dried under the temperature of 60 °C at a half of day.

2.3 � General Approach for the Synthesis of SBA‑15/
IL(1)

A mixture containing 2.6 mL of DIPEA, 3.1 g of cyanuric 
chloride (CC) and 3.2 g of SBA-15/APTS fibers is released 
in 40.0 mL of THF and is stirred under the temperature of 
25 °C at a half of day. The metnioendmixture is filtered and 
the obtained fibers SBA-15/APTS/CC-1 are washed by using 
5 mL × 6 of EtOAc and then dried at 10 h. 2.7 g of SBA-15/
APTS/CC-1 is suspended in 55.0 mL of THF, 2.2 g of 1-imi-
dazole are released, and the obtained mixture is stirred, mag-
netically, under 65 °C for a day. 100 mg of SBA-15/APTS/
Imidazole is released in water: a mixture of ethanol (10:10 
v/v, 100 mL) containing 2.5 g of 1,4-butanesultone. The 

reaction is performed under 25 °C for 2.0 h. The resulting 
mixture is then filtered, after that the filtrate is dried under 
vacuum under the temperature of 50 °C after the solvent is 
removed.

2.4 � General Approach for the Synthesis of SBA‑15/
IL(2) and SBA‑15/IL(3)

3.5 g of SBA-15/APTS/CC-1 in 60.0 mL of THF is released 
inethylenediamine DIPEA (8.41 mL). The mixture of reac-
tion is stirred magnetically under the temperature of 85 °C 
at1 day. The obtained ethylenediamine-modified SBA-
15/APTS/CC/EA-2 is filtered and then washed by using 
5 mL × 6 of EtOAc and lastly dried in in vacuum oven under 
the temperature of 55 °C for 11 h. A mixture of 5.5 g of cya-
nuric chloride (CC) and ethylenediamine-modified 3.5 g of 
SBA-15/APTS/CC/EA-2 as well as 8.45 mL of diisopropyl-
ethylamine in 55 mL of THF is stirred under the temperature 
of 25 °C for 12 h, magnetically. After that, the filtration 
process in a proper way for separating the cyanuric chloride-
modified fibers (SBA-15/APTS/CC-2). After each separation 
process SBA-15/APTS/CC-2 is washed by utilizing 5 mL × 6 
of EtOAc and then dried in vacuo for a half of day. 3.5 g of 
SBA-15/APTS/CC-2 is suspended in THF (60 mL), 2.5 g of 
imidazole and 17.1 mL of DIPEA are released, and the mix-
ture is magnetically stirred under the temperature of 90 °C at 
1 day. The bio-based heterogeneous catalyst SBA-15/APTS/
Imidazole (2) catalysis is washed by 5 mL × 6 of EtOAc and 
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Scheme 1   Synthesis of the SBA-15/IL(1), SBA-15/IL(2), and SBA-15/IL(3)

H2N NH2 CO2 NHHN

O

+ SBA-15/IL

Scheme  2   Synthesis of 2-imidazolidinone from carbon dioxide and 
ethylenediamine in the presence of SBA-15/IL
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after that dried in in vacuum oven under the temperature of 
50 °C for 12 h. SBA-15/APTS/Imidazole (3) can be pro-
duced utilizing the similar approach presented previously. A 
constant amount of SBA-15/APTS/Imidazole (2) or SBA-15/
APTS/Imidazole (3) equal to 100 mg is released in water: 
a mixture of ethanol (10:10 v/v, 100 mL) containing 2.5 g 
of 1,4-butanesulton. The reaction is performed at 25 °C for 
2.0 h. The obtained mixture is filtered, after which the filtrate 
is dried under vacuum under the temperature of 50 °C is the 
solvent was removed.

2.5 � Representative Approach for the Synthesis 
of 2‑imidazolidinone Catalysed by Utilizing 
SBA‑15/IL Catalysts

Whole the cycloaddition reactions of carbon dioxide by 
ethylenediamine are performed in 20.0 mL of Teflon-lined 
stainless-steel reactor. In the reaction, a magnetic stirrer and 
a pressure gauge are attached. In the common approach, 
appropriate amount of ethylenediamine (10.0 mmol), SBA-
15/IL catalyst, are added in the reactor. The reactor is purged 
three times by using carbon dioxide and the reactor is heated 

to an appropriate temperature and also pressure. The reac-
tor is leaved in cold water. After that, the excess CO2 is 
slowly released after occurring the reaction. 12 mL of EtOH 
is added in the mixture of reaction. Then, the catalyst of 
SBA-15/IL is recovered using filtration process. Lastly, the 
fabricated catalyst is washed two times by using methanol 
and dried under vacuum at room temperature.

3 � Results and Discussion

Moreover, SEM and TEM analysis are used to characterize 
the morphology and also pore structure of the immobilized 
ILs (3) catalysts. Figure 1a and b shows the SEM images 
of immobilized ILs (3) catalysts. In addition, Fig. 1c and 
d shows the TEM images of immobilized ILs (3) catalysts. 
As seen, the strip sharp and regular appearance of SBA-15 
and hexagonal structure of SBA-15 is clear, demonstrat-
ing the usual structure of SBA-15. Moreover, after loading 
ILs (3), the SBA-15 structure have not varied. As can be 
seen in Fig. 2, the decomposition conduct of the SBA-15 
as well as dendritic ILs catalysts SBA-15/IL(1), SBA-15/

Fig. 1   SEM images of SBA-15 
NPs (a); SBA-15 /IL(3) NPs 
(b); and TEM images of SBA-
15 NPs (c); SBA-15/IL(3) NPs 
(d)
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IL(2) and SBA-15/IL(3) is compared for understanding the 
influences of the grafted dendritic IL molecules. In Fig. 2, 
the TGA analysis in the cases of SBA-15/IL(1), SBA-15/
IL(2), and SBA-15/IL(3) are shown. As seen, all three men-
tioned samples demonstrated same thermal stability. As seen 
in the TGA curves, there are two processes of weight loss 
that the first process is determined among 25 °C and 100 °C 

demonstrated small weight loss equal to 5.0% related to the 
evaporation of physical adsorbed H2O from the samples. 
Second one is between 300 °C and 450 °C demonstrated 
clear reduces by large weight loss of around 20–30% related 
to the lignin degradation.

Figure 3 shows the FT-IR spectroscopy pattern of the syn-
thesized catalyst and its surface modification. As can be seen 
in Fig. 3a, for SBA-15, the bands at 1101 cm−1, 798 cm−1, 
and 1627 cm−1 demonstrated is related to Si–O–Si vibra-
tions, the typical silanol group (Si–OH) stretching mode 
and the water absorbed onto the surface of solid, respec-
tively. Many new appeared absorption peaks of 856 cm−1, 
1042 cm−1 and 1696 cm−1 in comparison with the FT-IR 
spectrum of luffa sponge (refer to Fig. 3a) is related to the 
stretching vibration of Si–O bond and the bending vibra-
tions of C = N bond on the surface of SBA-15/IL, respec-
tively. In addition to the mentioned peaks, the broad peak at 
1044 cm−1 is related to S = O stretching vibrations in the sul-
phonate functional groups. Bands at 1493 cm−1 are belonged 
to N–H bending vibrations in the ammonium groups. It was 
demonstrated that IL is immobilized onto SBA-15 NPs, 
successfully.

The N2 adsorption–desorption isotherms of SBA-15, 
SBA-15/IL(1), SBA-15/IL(2), and SBA-15/IL(3) showed 
a distinct type IV curve, which was consistent with past 

Fig. 2   TGA of a SBA-15/IL(1); b SBA-15/IL(2); and c SBA-15/IL(3)

Fig. 3   FTIR spectra of SBA-15 
(a); and SBA-15/IL (b)
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researches on standard fibrous silica spheres (Fig.  4). 
Table 1 illustrates that the produced SBA-15 possessed 
similar properties as commercial the SBA-15 and SBA-15, 
before and after grafting demonstrates a considerable large 
difference. In cases of SBA-15/IL(1), SBA-15/IL(2), and 
SBA-15/IL(3), the surface areas of BET are determined to 
be 331 m2g−1, 302 m2g−1, and 254 m2g−1; pore diameters are 
equal to 6.58 nm, 6.55 nm, and 6.51 nm; and pore volumes 
0.55 cm3g−1, 0.52 cm3g−1, and 0.41 cm3g−1, respectively. 
Compared to pristine SBA-15, the SBA-15/IL nitrogen sorp-
tion analysis has demonstrated a regular and uniform meso-
structure having a reduction of surface area, pore diameter 
and pore volume parameters. The related pore volumes were 
considerably decreased by the functionalization using X-Si 
(X = IL(1), IL(2), and IL(3)). As seen, ILs are immobilized 
onto SBA-15 that is related to reducing surface area as well 
as total pore volume, (refer to Table 1). The BET surface 
area, pore diameter, and total pore volume of BJH of the 
used catalyst were compared with those of the fresh catalyst. 
It was found that the anatomy of the used catalyst remained 
undamaged after three recycles.

The catalytic activity of the different kinds of dendritic 
imidazolium ILs catalysts (i.e., SBA-15/IL(1), SBA-15/
IL(2), and SBA-15/IL(3)) are examined by synthesis of 
2-imidazolidinone from carbon dioxide and ethylenediamine 
(refer to Table 2). The reaction performed deploying SBA-
15 showed that no amount of the 2-imidazolidinone was 
formed (Table 2, row 2). Product yields equal to 76–94% 
are achieved utilizing the 25 mg of SBA-15/IL(1), SBA-15/
IL(2), or SBA-15/IL(3) as catalysis after 10 h. It is found 
that, by the increase in the generation of the dendritic ILs, 
the catalytic activity enhanced. To improve the reaction situ-
ations, the synthesis of 2-imidazolidinone in the presence of 
SBA-15/IL(3) was selected.

The catalytic activity of the SBA-15/IL(3) NPs are exam-
ined by synthesis of 2-imidazolidinone from carbon dioxide 
and ethylenediamine (refer to Table 3). Moderate to good 
to excellent yields were obtained under different solvent 
conditions (refer to Table 3). We have demonstrated that 
the solvent-free condition caused to obtaining better results 
compared to using organic solvents by taking into consid-
eration of the yield of the synthesis of 2-imidazolidinone.

After wards, in the cases of subsequent reactions, we 
investigated the SBA-15/IL(3) catalyst for obtaining the 
optimized reaction conditions. The effect of temperature, 
reaction time and CO2 pressure as well as amount of SBA-
15/IL(3) catalyst on the reaction of cycloaddition is evalu-
ated. As seen in Fig. 5, the temperature of reaction possessed 
a dramatic effect on the 2-imidazolidinone yield. The 2-imi-
dazolidinone yield can enhance by the enhancement of reac-
tion temperature ranging from 30 °C to 70 °C (94%, 70 °C) 
and levels off upon more enhancing temperature equal to 
100 °C.

Table  4 shows that the enhancement of the catalyst 
amount from 5 mg to 10 mg, 15 mg, 20 mg, and 25 mg can 
enhance the yield of cycloaddition from 22 to 53, 71, 94, and 
94, respectively. It is clear that, the 2-imidazolidinone by the 
enhancement of catalyst amount. With using 20 mg of SBA-
15/IL(3), a yield about 94% is achieved. Noted that, more 
enhancement of catalyst amount cannot change the 2-imi-
dazolidinone yield considerably. Figures 6 demonstrate the 
effect of reaction time at the presence of CO2 under the tem-
perature of 70 °C and 1.5 bar. The 2-imidazolidinone yield 

Fig. 4   Adsorption–desorption isotherms of a SBA-15, b SBA-15/
IL(1), c SBA-15/IL(2), and d SBA-15/IL(3)

Table 1   Structural parameters of SBA-15, SBA-15/IL(1), SBA-15/
IL(2), and SBA-15/IL(3) materials determined from nitrogen sorption 
experiments

Catalysts SBET (m2 g−1) Vt (cm3 g−1) DBJH (nm)

SBA-15 536 0.97 6.67
SBA-15/IL(1) 331 0.55 6.58
SBA-15/IL(2) 302 0.52 6.55
SBA-15/IL(3) 254 0.41 6.51
SBA-15/IL(3) after 

three reuses
261 0.43 6.64

Table 2   Synthesis of 2-imidazolidinone by different of SBA-15/IL 
NPs

a Isolated yields

Entry Catalyst Yield (%)a

1 None -
2 SBA-15 -
3 SBA-15/IL(1) 76
4 SBA-15/IL(2) 85
5 SBA-15/IL(3) 94
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possessed a gradual enhancing from 2 h to 8 h (94%, 8 h). 
After that, remaining unvaried in all time approximately. It 
is obvious that ethylenediamine is almost converted in the 
target product only in 8 h.

Moreover, the pressure of CO2 is investigated to increase 
the production of 2-imidazolidinone. The promised CO2 
pressure to obtain the most appropriate preparation of SBA-
15/IL(3) NPs can be determined in the meantime the kinetics 
related to the mass transfer reactions can be varied by tak-
ing into considerations of both diffusion and the reaction of 

CO2 to ethylenediamine. The effect of pressure is specified, 
experimentally, in the range of 0.5 MPa to 2.5 MPa pressure. 
The SBA-15/IL(3) NPs function forcefully enhanced when 
the pressure of CO2 increased from 0.5 MPa to 1.5 MPa 
pressure. Then, it is supportable for the pressure in the range 
of 1.5 MPa to 2.5 MPa demonstrated in Fig. 7. These out-
comes demonstrated the requirement considering an opti-
mum pressure about the pressure of 1.5 bar for the desired 
products of 2-imidazolidinone. Also, the effects of concen-
tration of ethylenediamine was investigated. The reaction 
order with respect to ethylenediamine concentration was 
almost zero, which indicates that the diamine is strongly 
adsorbed on catalyst. [12, 40]

Product syntheses from CO2, and diamines were examined 
comprehensively (Table 5). 1,2-propanediamine, 2-methyl-
1,2-propanediamine, and ethylenediamine (Table 5, entries 
1–3) reacted to afford the corresponding cyclic ureas in 
excellent yields (92–95%). N-Alkyl ethylenediamines 
(Table 5, entry 4) were also converted selectively. However, 
N,N′-dimethylethylenediamine was converted in good yield 
(89%) (Table 5, entry 5). The amplitude of substrate scope 
was investigated with different aminoalcohols over SBA-15/

Table 3   Synthesis of 2-imidazolidinone from carbon dioxide and eth-
ylenediamine by SBA-15/IL(3) in different solventsa

a Reaction conditions: ethylenediamine (5.0  mmol), CO2 (2.5 Mpa) 
and SBA-15/IL(3) (20 mg) at 100 °C for 12 h
b Isolated yields

Entry Solvent Yield (%)b

1 Solvent-free 94
2 DMF 31
3 DMSO 44
4 Dioxane 52
5 CH3CN 40
6 EtOAc 56
7 THF 38
8 Toluene 41
9 CH2Cl2 56
10 CHCl3 42
11 CCl4 8
12 n-Hexane 10
13 Benzene 13
14 Cyclohexane 19
15 H2O 72
16 EtOH 64
17 i-PrOH 41
18 MeOH 52
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Fig. 5   Effect of temperature on yield of synthesis of 2-imidazoli-
dinone. Reaction conditions: ethylenediamine (5.0  mmol), CO2 (2.5 
Mpa) and SBA-15/IL(3) (20 mg) for 12 h

Table 4   Effect of amount of catalyst on yield of synthesis of 2-imida-
zolidinonea

a Reaction conditions: ethylenediamine (5.0  mmol), and CO2 (2.5 
Mpa) at 70 °C for 12 h
b Isolated yields

Entry Amount of SBA-15/
IL (mg)

Yield (%) TON

1 5 22 36.6
2 10 53 88.3
3 15 71 118.3
4 20 94 156.6
5 25 94 156.6
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Fig. 6   Effect of time on yield of synthesis of 2-imidazolidinone. 
Reaction conditions: ethylenediamine (5.0 mmol), CO2 (2.5 Mpa) and 
SBA-15/IL(3) (20 mg) at 70 °C
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IL(3), the results of which are illustrated in Table 5. Ami-
noethanols (Table 5, rows 6–8) were quantitatively converted 
to the corresponding five-membered-ring cyclic carbamates 
at high efficiencies [41, 42]. The use of o-phenylenediamines 
with electron receptor groups was resulted in good efficien-
cies due to a decrease of the electron density of the nitro-
gen atom (Table 5, rows 9–11). On the other hand, only a 
trace of aniline was observed, which might be due to the 
fact that CO2 reactions with these substrates are equilibrium 
restricted. Aniline reacted with difficulty (Table 5, entry 12), 
which was due to the low nucleophilicity of aniline [11].

For a deeper evaluation of the efficiency of the catalyst, 
various control experiments were conducted (Table 6). 
The reaction performed deploying SBA-15 showed that 
no amount of the 2-imidazolidinone was formed after 12 h 
(Table 6, row 1). Also, no reaction was perceived when 
SBA-15/APTS was employed as a catalyst (Table 6, row 
2). APTS is not able to show catalytic activity. Due to these 
unfavorable results, we continued research to increase effi-
ciency by adding ionic liquid (Table 6, row 3). Our results 
show that the reaction is primarily catalyzed using ionic 
liquid in the SBA-15/APTS nanostructure. Nanoparticles 
increase the activity of the catalyst due to the increase in 
surface area to volume, so they significantly increase the 
sensitivity between the reactants and the catalyst and act as 
a homogeneous catalyst (Table 6, rows 3 and 4). In addi-
tion, the activity and selectivity of nano-catalysts can be 
controlled by adjusting the chemical and physical character-
istics such as size, form, composition, and morphology. To 
evaluate the real influence of the existence of SBA-15 in the 
catalyst, the SBA-15/IL(3) NPs were compared with MCM-
41/IL(3) and nano-SiO2/IL(3) (Table 6, rows 5 and 6). The 
use of MCM-41/IL(3) and nano-SiO2/IL(3) as the catalyst 
led to a good efficiency of the desired product; however, the 
efficiency for SBA-15/IL(3) was superb. The tangible activ-
ity of the silica was assigned to its form, composition, and 
morphology. Furthermore, the large space between the pores 

can remarkably enhance the availability of the active sites of 
the SBA-15. For this reason, the SBA-15 was more efficient 
than MCM-41 and nano-SiO2 (Table 6, rows 3 and 5).

Table 7 presents information about catalysts and reagents 
for the direct reaction of diamines with carbon dioxide [43]. 
As mentioned in the section on cyclic carbamates synthesis, 
the reaction system consisting of the DPPA and PhTMG was 
efficient for the synthesis of 2-imidazolidinone (Table 7, row 
1). TBA2[WO4] and Ph3SbO/P4S10 were introduced as cata-
lysts (Table 7, rows 2 and 3). The reaction by Ph3SbO/P4S10 
continued in the same reaction pathway mentioned in the 
synthesis of carbamate by catalysts. The TBA2[WO4] intro-
duced by Mizuno was an effective homogeneous substance 
for the synthesis of 2-imidazolidinone from atmospheric car-
bon dioxide and diamines. The activity of the TBA2[WO4] 
catalyst was done by the activation of carbon dioxide by the 
weak Lewis basic feature and the absorption of diamineby-
hydrogen bonding [4, 5]. CeO2 and KOH/PEG1000 were 
reported as catalysts (Table 7, rows 4 and 5) [8, 40]. CeO2 
NPs synthesized by biopolymer template techniques and the 
employment of mesoporous alginate aerogel was an effec-
tive catalyst at 433 K and 0.7 MPa carbon dioxide pressure. 
This catalyst suffered from disadvantages such as a narrow 
bed of substrates and low product efficiencies. In contrast, it 
has recently been shown that pure CeO2 acted as an efficient 
heterogeneous catalyst in isopropyl alcohol (IPA) solvent, 
even at a low carbon dioxide pressure of 0.3 MPa, to provide 
high-yield cyclic urea [12].

In green chemistry, the catalyst reusability state is consid-
ered a significant property. Therefore, the reuse of the SBA-
15/IL(3) NPs was investigated with respect to the optimal 
state of synthesis of 2-imidazolidinone. SBA-15/IL(3) NPs 
were easily isolated from the liquid reaction zone after a 
few seconds. The solvent can be used quickly after clean-
ing. As Fig. 8 illustrates, the catalyst was recycled for ten 
consecutive cycles. Product yield in the tenth run was 89%, 
showing merely a 5% decrease in performance compared to 
the fresh catalyst.

Finally, we carried out a leaching experiment to explore 
the homogeneity of the catalyst system. This reaction was 
initially done deploying optimized circumstances, in the 
participation of the ten-times recycled catalyst. After 4 h 
of reaction, the catalyst was separated by hot filtration and 
the solution was mixed for 4 h. Figure 9 illustrates the syn-
thesis of 2-imidazolidinone as a function of time with the 
ten-times recycled catalyst (black curve). As Fig. 10 shows, 
the employment of the reagent was no longer observed after 
the isolation of the catalyst (red curve).

The obtained analyzes of SEM and TEM demonstrated the 
more data in the case of the fibrous NPs of SBA-15/IL(3). In 
the case of new fibrous NPs of SBA-15/IL(3), the analyzes 
of SEM and TEM for, and the 10th fibrous NPs SBA-15/
IL(3) reused were determined as shown in Fig. 10a and b, 
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Fig. 7   The effect of carbon dioxide pressure on the synthesis of 
2-imidazolidinone. Reaction conditions: ethylenediamine (5.0 mmol), 
and SBA-15/IL(3) (20 mg) at 70 °C for 8 h
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respectively. After being 10th reusing of the catalyst, the tube-
like structure of the catalyst is still obvious. The desired power 
in recyclability is specified because of existing the identical 

structure of fresh fibrous NPs of SBA-15/IL(3) and SBA-15/
IL(3) 10th reused. Moreover, after 10 runs recycling, the ther-
mal stability of mentioned catalysis is not appropriate as the 

Table 5   Scope of diamines for 
synthesis of the cyclic ureaa

a Reaction conditions: ethylenediamine (5.0 mmol), CO2 (1.5 Mpa) and SBA-15/IL(3) (20 mg) at 70 °C for 
8 h
b Isolated yields

Entry Diamine Cyclic urea Conversion (%) Yield (%)b

Cyclic urea N-Alkylated 
amine

1
H2N NH2  

N
H

H
N

O

 

98 94 Trace

2

H2N NH2  N
H

H
N

O

 

98 95 Trace

3

H2N NH2  N
H

H
N

O

 

97 92 2

4
NH NH2  

N

H
N

O

 

98 90 Trace

5
NH HN  

N

N
O

 

96 89 4

6
H2N OH  

N
H

O
O

 

94 96 2

7

HO NH2  
O

H
N

O
 

97 95 3

8

H2N OH  N
H

O
O

 

97 96 Trace

9

NH2

NH2

F  N
H

H
N

O
F  

99 92 Trace

10

NH2

NH2

Cl  N
H

H
N

O
Cl  

97 95 1

11

NH2

NH2

Br  N
H

H
N

O
Br  

98 93 Trace

12 NH2

 N
H

O

N
H  

Trace Trace Trace
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fresh catalyst casued by the loss of IL in SBA-15 fibers in the 
process of recycling (reffer to Fig. 11). However, it has not 
affect its practicability while utilized under the temperature 
of 100 °C.

4 � Conclusions

In this study, the synthesis of SBA-15 supported dendritic 
ILs catalysts SBA-15/IL(1), SBA-15/IL(2), and SBA-15/
IL(3) possessing high ionic density and distinct generations 
are reported for the first time. We observed that there exists a 
positive dendritic impact of the dendritic ILs catalysts SBA-
15/IL(1), SBA-15/IL(2), and SBA-15/IL(3) onto the prod-
uct yield of the synthesis of 2-imidazolidinone from carbon 
dioxide and ethylenediamine. Between the introduced cata-
lysts, SBA-15/IL(3) showed to have the optimal heterogene-
ous catalytic conduct and have appropriate catalytic activity 
in the case of the synthesis of 2-imidazolidinones, provid-
ing excellent yields. SBA-15/IL(3) can be recycled until 10 
consecutive runs without any dramatic reduction in catalytic 
activity. SBA-15/IL(3) demonstrated many promising ben-
efits than the reported heterogeneous catalysts, like low cost, 
easy preparation and higher catalytic potential as well as 
renewable nature in the case of the synthesis of 2-imidazo-
lidinones that introduced it a proper candidate for different 
practical usages.

Table 6   Influence of different catalysts for the synthesis of 2-imida-
zolidinonea

a Reaction conditions: ethylenediamine (5.0 mmol), CO2 (1.5 Mpa) at 
70 °C for 12 h
b Isolated yield

Entry Catalyst Yield (%)b

1 SBA-15 –
2 SBA-15/APTS –
3 SBA-15/IL(3) 94
4 IL(3) 95
5 MCM-41/IL(3) 88
6 nano-SiO2/IL(3) 72

Table 7   2-imidazolidinone syntheses from diamine and carbon diox-
ide

Entry Catalyst Yield (%) References

1 DPPA/ PhTMG 86 [43]
2 TBA2[WO4] 91 [4]
3 Ph3SbO/P4S10 85 [5]
4 KOH/PEG1000 82 [8]
5 CeO2 96 [40]
6 SBA-15/IL(3) 94 This work
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Fig. 8   Recyclability of the catalyst. Reaction conditions: ethylen-
ediamine (5.0 mmol), CO2 (1.5 Mpa) and SBA-15/IL(3) (20 mg) at 
70 °C for 8 h

Fig. 9   Leaching test for the catalyst of the synthesis of 2-imidazoli-
dinone
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