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6.1 Introduction 

 

The development of efficient and selective catalysts is crucial for various chemical 

reactions in industrial processes. Catalysts can increase the reaction rate, reduce energy 

consumption, and improve the selectivity of the desired products.1,2 Over the years, substantial 

development has been made in the advancement of new catalytic systems, and among them, 

heterogeneous catalysts have gained significant attention due to their advantages over 

homogeneous catalysts, such as easy separation, reusability, and stability.3,4 Montmorillonite, 

silica and graphene oxide are commonly used support materials for heterogeneous systems due to 

their unique chemical and physical characteristics.5 Montmorillonite (MMT) is a naturally 

occurring clay mineral that has a layered structure and a large surface area, making it an excellent 

support material for catalytic applications.6,7 However, at higher temperatures, MMT loses its 

catalytic active sites due to its low thermal stability, which limits its applications in catalytic 

activity.8 Silica is another widely used support material due to its thermal stability, mechanical 

strength, and high surface area.9–11 Graphene oxide (GO) has garnered substantial attention in 

recent years due to its distinctive physical and chemical properties, including a high surface area 

and exceptional mechanical properties.12 These properties make GO a promising candidate for 

catalytic applications. However, the low dispersion and aggregation of GO in solution limits its 

practical applications as a catalyst. 13 

 

To address this issue, the present work has the capability to overcome it, including the 

combination of these support materials to form a composite material that improves thermal 

stability compared to MMT and GO and produces a synergistic effect, which can enhance the 

catalytic activity and selectivity of the composite material. Therefore, the development of MMT-

silica-GO composite is of significant interest to the scientific community and has potential 

industrial applications.  

 

Furthermore, the synthesized chiral thiourea-based (CTU) moiety was incorporated into 

the MMT-silica-GO-based composite and evaluated for its catalytic performance in the Strecker 

reaction. Researchers have used thiourea-based scaffolds as catalysts for various chemical 

reactions, including the Strecker reaction.14 These reactions were typically catalyzed by Lewis 
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acid-base catalysts.15 The recovery and recycling of the organocatalyst can, however, be 

challenging in homogeneous mode. To address this issue, researchers have explored the use of 

metal-based complexes as heterogeneous catalysts, offering easy separation and reusability. 

However, this technique is also associated with metal leaching.16,17 This is where the metal catalyst 

can dissolve or disperse into the reaction mixture, causing potential contamination and a loss of 

catalyst activity.18,19 Therefore, there is significant potential to develop a novel class of catalysts 

that operate efficiently under mild conditions, using fewer toxic solvents or even metal-free 

systems. These catalysts would require lower catalytic loading while still achieving high 

conversion rates. This approach would not only address metal leaching concerns but also 

contribute to greener and more sustainable catalytic processes.20–22 While incorporating thiourea-

based scaffolds into the MMT-silica-GO-based composite is expected to improve its stability and 

reusability. In this work, we report a heterogenous organocatalyst, MMT-silica-GO-CTU, 

containing an amino acid-based asymmetric scaffold, as shown in Scheme 6.1. The present catalyst 

was tested for the Strecker reaction. It has been found to be highly effective in facilitating the 

conversion of various aldehydes and ketones into α-aminonitriles under the mild reaction 

conditions. A major feature of this catalyst is its excellent recyclability, which enables it to remain 

active even after five cycles in use.  

 

 

 

 

 

 

 

Scheme 6.1 A state-of-the-art pathway for synthesizing MMT-silica-GO-CTU. 
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6.2 Experimental Section 

 

Montmorillonite K10 and natural flake graphite with a particle size smaller than 20 µm and 

a purity of 99.95% were procured from Sigma Aldrich. dl-Valine, D-cysteine, and TEOS were 

acquired from TCI Pvt. Ltd. Additional chemicals were obtained from S D Fine Chem Ltd. All the 

chemicals and solvents used in the synthesis were commercially sourced and used without further 

purification. 

 

6.2.1 Preparation of Graphene oxide (GO) 

 

Graphene oxide was synthesized using a modified version of the Hummer's method.23–25 

 

6.2.2 Preparation of MMT-silica-GO 

 

The MMT-silica-GO composite was synthesized using a sol-gel method. Initially, GO 

(0.25 g) and MMT (2.5 g) were separately dispersed in a 350 ml EtOH:H2O solution (5:1, v/v) 

using ultrasonication for 30 minutes. Subsequently, a solution containing 3 mL of TEOS and 10 

mL of ammonia was stirred on a magnetic stirrer. The dispersion solution of graphene oxide (GO) 

and montmorillonite (MMT) was added dropwise to the reaction mixture, followed by stirring for 

10 h at 80°C. Once the reaction was complete, the mixture underwent centrifugation and was 

washed multiple times using H2O and EtOH. The resulting product was then dried under vacuum 

at 70°C for 5 h.26–28 

 

6.2.3 General synthesis of chiral thiourea (CTU) 

 

Valinoyl chloride was synthesized through a traditional acylation reaction between dl-

valine and thionyl chloride, following a reported method. Valinoyl isothiocyanate was then 

synthesized from valinoyl chloride and ammonium thiocyanate, based on literature procedures. 

The light yellowish solution obtained after filtration was directly used in the subsequent step 

without undergoing any additional purification steps. In the subsequent step, a solution of valinoyl 

isothiocyanate in acetone was prepared. Subsequently, d-cysteine in acetone (3 ml) was added 
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dropwise to the reaction mixture. Then reaction mixture was refluxed for 12 h. Once the reaction 

was determined to have reached completion, the solution was cooled to room temperature and 

subsequently poured into a beaker containing cracked ice. The subsequent precipitate was filtered 

and thoroughly washed with H2O. Finally, the precipitate was dried under vacuum.29–32 

 

6.2.4 Preparation of MMT-silica‐GO composite encapsulated with chiral thiourea-based 

moiety (MMT-silica-GO-CTU) 

 

The MMT-silica-GO composite (0.25 mg) was mixed thoroughly with an excess of chiral 

thiourea-based moiety. The mixture was covered with an appropriate amount of solvent. 

Subsequently, the flask was sealed, and the mixture was refluxed for 24 h under a inert gas flow. 

Any unreacted moiety was extracted using acetone. The resulting sample was washed extensively 

with a volatile solvent and then dried in an air oven for 60 minutes. This process yielded the MMT-

silica-GO composite encapsulated with the chiral thiourea-based moiety (as illustrated in Scheme 

6.1). 

 

6.2.5 General condition for the catalytic reaction 

 

In a typical reaction, a mixture containing aldehyde/ketone (0.10 mmol), aniline (0.10 mmol) and 

trimethylsilyl cyanide (TMSCN) (0.12 mmol) was combined in a reaction tube. To the mixture, the catalyst 

(0.01 g) was added. The reaction mixture was stirred for a duration of 5 h. Following the completion of the 

reaction time, CH2Cl2 (0.5 mL) was introduced to each reaction mixture. The MMT-silica-GO-CTU was 

separated and retrieved through centrifugation at 500 revolutions per minute (rpm). Subsequently, the 

resulting filtrate underwent evaporation under reduced pressure. It should be noted that the same standard 

reaction conditions were employed for all the tested substrates in order to facilitate comparison, and 

therefore, no further optimization of reaction parameters was conducted for individual substrates. 33–35 

 

6.2.6 Recycling of catalyst 

 

Following the end of the reaction, the MMT-silica-GO-CTU was recovered using the 

centrifugation technique. Catalyst was then washed with CH2Cl2 and subsequently dried under 
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vacuum for a duration of 3 h. This dried catalyst was then ready for reuse in subsequent catalytic 

reactions.36 

 

6.3 Results and discussion 

6.3.1 FTIR spectra 

 

 

 

 

 

 

 

 

 

 

Figure 6.1 FT-IR spectra of (a) GO, (b) MMT, (c) MMT-silica-GO and (d) MMT-silica-GO-CTU. 

 

To confirm the existence of silica and GO on the surface of the MMT in the MMT-silica-GO hybrid 

composite and MMT-silica-GO-CTU, Fourier transform infrared (FT-IR) spectra were empolyed (Figure 

6.1). The FT-IR spectrum of GO (Figure 6.1(a)) exhibits peaks at 3446 cm⁻¹ and 1391 cm⁻¹, corresponding 

to the deformation of the −OH bond and CO−H groups of GO, respectively. The peak at 1064 cm⁻¹ indicates 

the stretching vibration of the C−O bond. The presence of carbonyl or carboxyl groups was demonstrated 

by a peak at 1726 cm⁻¹. In the MMT material (Figure 6.1(b)), the peak at 3649 cm⁻¹ and the broad peak 

centered at 3469 cm⁻¹ were assigned to the O-H stretching vibration of the Si-OH groups within the clay 

structure. The broad peak at 3469 cm⁻¹ can also be attributed to the O-H vibration of water molecules 

present on the silicate surface. The peak at 1632 cm⁻¹ can be assigned to the bending O-H bond of water 

molecules present within the silicate matrix. On the other hand, the broad peak centered at 1028 cm⁻¹ can 

be attributed to the Si-O-Si groups with the tetrahedral sheet structure. After the reaction with TEOS and 
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GO, characteristic peaks of both GO and silica were observed (Figure 6.1(c)), confirming the fabrication 

of GO sheets and silica on the surface of MMT. The peak at 500-550 cm⁻¹ was attributed to Si−O−Si 

bending vibration. The appearance of a peak at 1147 cm⁻¹ indicates the asymmetric stretching of 

(Si−O−C/Si−O−Si), while the typical carbonyl group peak at 1714 cm⁻¹ disappeared, indicating the 

conversion of carbonyl groups to Si−O−C bands. The FT-IR spectra of MMT-silica-GO-CTU (Figure 

6.1(d)) displayed peaks at 3348–3568 cm⁻¹, 1697–1763 cm⁻¹, and 1327–1277 cm⁻¹, corresponding to the 

ν(N–H), ν(C-O), and ν(C=S) vibrations, respectively, of the encapsulated chiral thiourea scaffolds.28,37  

 

6.3.2 Raman spectra 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2 Raman spectra of (a) GO, (b) MMT-silica-GO and (c) MMT-silica-GO-CTU. 
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Raman spectra were utilized to investigate the structural defects of GO, MMT-silica-GO, 

and MMT-silica-GO-CTU. The Raman bands of GO (Figure 6.2(a)), MMT-silica-GO (Figure 

6.2(b)), and MMT-silica-GO-CTU (Figure 6.2(c)) are displayed. All samples exhibits D and G 

bands as shown in Figure 6.2(a). In the MMT-silica-GO composite (Figure 6.2(b)), the D and G-

bands exhibited a significant reduction in intensity. Additionally, these bands showed significant 

shifts, indicating a substantial interaction between GO, silica, and MMT. The ID/IG value of the 

MMT-silica-GO composite was calculated to be 1.32, indicating a modification in the GO 

structure. MMT-silica-GO-CTU (ID/IG = 1.35) had a higher ID/IG intensity than the GO sheets 

(1.2), suggesting the presence of disordered carbon increased significantly during composite 

preparation.38–43 

 

6.3.3 BET analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.3 N2 adsorption−desorption isotherms of (a) GO, (b) MMT, (c) MMT-silica-GO and (d) 

MMT-silica-GO-CTU. 
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Table 6.1 Textural parameters of catalyst and catalyst precursors. 

 

 

 

 

 

 

 

 

 

 

N2 adsorption-desorption study is a valuable method for determining the surface area and 

porosity of synthesized compounds. The surface area to volume ratio of the synthesized 

compounds is an important factor influencing their properties. All the samples revealed similar 

type IV isotherms, indicating the presence of mesopores, as shown in Figure 6.3(A) (a-d). The N2 

adsorption-desorption isotherms and corresponding BJH pore size distributions of GO, MMT, 

MMT-silica-GO, and MMT-silica-GO-CTU samples are presented in Figure 6.3(B) (a-d). The 

surface area and pore volumes of the four samples are shown in Table 6.1. From Table 6.1, it can 

be observed that each material possesses a distinct surface area. Notably, the surface area of the 

MMT-silica-GO composite significantly decreases after the encapsulation of CTU, indicating the 

successful encapsulation of the organic scaffold.44,45 
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6.3.4 Scanning electron microscopy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.4 FE-SEM images of (a) GO, (b) MMT, (c) MMT-silica-GO and (d) MMT-silica-GO-

CTU.  

 

FE-SEM images offer visual confirmation of the folded or wrinkled sheets within the 

exfoliated GO as depicted in Figure 6.4(a). In Figure 6.4(b), Montmorillonite presents itself as 

rock-like macroparticles, characterized by their rugged and densely packed surfaces. Upon the GO 

modification, Figure 6.4(c) reveals the emergence of cracks, resembling long, narrow openings, 

and the presence of lamellae, which are thin plate-like structures, on the composite's surface. This 

(a) 

(b) 

(c) 

(d) 
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observation strongly suggests that the Montmorillonite layer has undergone fractional exfoliation 

during the GO modification process, likely owing to the intercalation of GO within the 

Montmorillonite layers. Furthermore, following organic modification, the lamellar edges exhibit a 

striking brightness, adorned with numerous particles attached to the surface. 28,46 

 

6.3.5 EDAX spectra 

 

 

 

 

 

 

 

 

 

 

Figure 6.5 EDAX spectra of (a) GO, (b) MMT, (c) MMT-silica-GO and (d) MMT-silica-GO-

CTU. 

 

Figure 6.5 illustrates the energy-dispersive X-ray spectra (EDX) of GO, MMT, MMT-

silica-GO, and MMT-silica-GO-CTU. As depicted in Figure 6.5(a), pure GO primarily consists of 

carbon (C) 73.09% and oxygen (O) 26.91%. Moving on to Figure 6.5(b), MMT is characterized 

by the presence of silicon (Si) 29.37%, aluminum (Al) 5.47%, and oxygen (O) 65.16%. In Figure 

6.5(c), the EDX analysis of MMT-silica-GO reveals the composition of silicon (Si) 20.52%, 

aluminum (Al) 3.07%, oxygen (O) 57.92%, and carbon (C) 18.49%. Lastly, in Figure 6.5(d), the 

EDX spectra of MMT-silica-GO-CTU exhibits the elements silicon (Si) 11.63%, aluminum (Al) 

8.86%, oxygen (O) 63.61%, carbon (C) 13.0%, nitrogen (N) 2.76%, and a trace amount of sulfur 

(S) 0.13%.27 

(a) (b) 

(c) (d) 
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6.3.6 X-ray Diffraction Patterns 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.6 XRD patterns of (a) GO, (b) MMT, (c) MMT-silica-GO and (d) MMT-silica-GO-CTU. 

 

X-ray diffraction (XRD) analysis is a reliable technique for assessing the exfoliation degree 

of MMT in silica and graphene oxide-based composite. The XRD patterns of GO, MMT, MMT-

silica-GO composite, and MMT-silica-GO-CTU are displayed in Figure 6.6 (a-d), respectively. 

The prominent peaks for MMT are observed at approximately 2θ values of 19.8°, 22.0°, 35.0°, and 

61.9°. The XRD curves of MMT, MMT-silica-GO, and MMT-silica-GO-CTU, all exhibit a 

prominent peak at 2θ = 26.7°, corresponding to the quartz phase, signifying the presence of quartz 

in the MMT.44 The presence of the (080) reflection at 2θ = 68.1° also indicates a dioctahedral 

structure for MMT. Additionally, the peaks attributed to the MMT filler at 2θ > 35° was 

disappeared. Besides this, the variance between the 2θ values of each peak in the patterns is within 

a range of 0.5°. The introduction of different GO and silica matrices alters the intensity and width 

of the peak, which may be attributed to the alignment of MMT sheets between silica and GO, 

leading to steric hindrances and increased distance between GO sheets, causing structural 

disruption. These observations provide evidence of proper nanofiller distribution within the GO 
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and silica matrix. The XRD patterns of the MMT-silica-GO and MMT-silica-GO-CTU composites 

reveal a less intense and broad amorphous peak at 2θ = 20.8°. This peak could potentially originate 

from the partially ordered structure of the hard and soft segments present in the silica matrix. The 

XRD patterns also enable the evaluation of the basal spacing between clay layers, with a diffraction 

peak of the (001) plane observed at 2θ = 8.9°. After adsorbing GO and silica onto the MMT-silica-

GO composite, the d-spacing (001) values increase, indicating intercalation of GO and silica 

molecules into the interlayer of the MMT.47 During the fabrication processes, the (001) reflection 

of MMT gradually shifts from 8.9° to 8.6°, signifying the construction of an exfoliated structure 

resulting from the addition of GO. These findings suggest the successful synthesis of the MMT-

silica-GO composite with an exfoliated structure facilitated by GO addition.48 

 

6.3.7 SAXS patterns 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.7 SAXS patterns of (a) GO, (b) MMT, (c) MMT-silica-GO and (d) MMT-silica-GO-

CTU. 
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Small-angle X-ray scattering (SAXS) was applied to examine the alterations in structural 

morphology within the composites, comparing to the neat MMT.  It was determined whether MMT 

and GO were exfoliated by identifying a peak at a very low angle. The experimental SAXS data 

obtained from the GO and MMT suspension (Figure 6.7(a, b)) confirmed the anticipated decrease 

in scattered intensity as a function of 2θ, indicating the presence of flat objects. Notably, no 

stacking peaks were observed, suggesting that GO was dispersed entirely as individual sheets 

(Figure 6.7(c)). The scattering profiles of the MMT-silica-GO composite revealed a reciprocal 

relationship between the lower 2θ scattering and the d-spacing. These findings suggest the 

achievement of an exfoliated structure in the composite. Consequently, the addition of GO and 

silica led to a redistribution of the MMT within the composite. Notably, a decrease in the 

characteristic low 2θ exponent was observed in the MMT-silica-GO and MMT-silica-GO-CTU 

(Figure 6.7(d)) compared to neat MMT, indicating an enhanced distance between the MMT 

layers.49–51 
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6.3.8 X-ray photoelectron spectroscopy 
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Figure 6.8 (a) Survey XPS spectra of MMT-silica-GO and MMT-silica-GO-CTU (b) O 1s XPS 

spectra of MMT-silica-GO and MMT-silica-GO-CTU (c) C 1s XPS spectra of MMT-silica-GO 

and MMT-silica-GO-CTU (d) Si 1s XPS spectra of MMT-silica-GO and MMT-silica-GO-CTU 

(e) N 1s XPS spectra of MMT-silica-GO-CTU and (f) S 1s XPS spectra of MMT-silica-GO-CTU. 

 

X-ray photoelectron spectroscopy (XPS) was used to examine the surface composition 

variations of MMT-silica-GO and MMT-silica-GO-CTU. Figure 6.8(a) displays the elements 

observed in the XPS survey spectra of the composite and the composite with encapsulated organic 

(CTU) scaffold. The O 1s spectra curve fitting (Figure 6.8(b)) for MMT-silica-GO revealed peaks 

at approximately 531.3; 532.9; and 535 eV, corresponding to C=O and Si-O-C; O-C-O and silica; 

as well as C-OH and silica moieties, respectively. Similarly, for MMT-silica-GO-CTU, the peaks 

at approximately 531.2; 532.7; and 534.4 eV were assigned to C=O and Si-O-C; O-C-O and silica, 

as well as C-OH and silica moieties, respectively, with a slight change in binding energy. The C 

1s photoelectron peak of MMT-silica-GO (Figure 6.8(c)) was analyzed, revealing five distinct 

symmetrical peaks observed at 284.5, 285, 286.1, 287.2, and 289.1 eV. These peaks correspond to 

different carbon environments, including nonfunctionalized carbon sp2 and sp3 atoms, as well as 

carbon atoms bonded to oxygen atoms in the form of C-O-, C=O, and COO- groups. The peaks 

for MMT-silica-GO-CTU were observed at 283.1, 284.9, 285.9, 287.1, and 288.9 eV, again with 

a slight change in binding energy. The curve fitting of the Si 2p spectra (Figure 6.8(d)) showed 

peak at approximately 103.6 eV, indicating the formation of a silica network, and peak at 102.3 

eV, indicating covalent bonding between MMT, GO, and silica. Similarly, for MMT-silica-GO-

CTU, the peaks were observed at 103.9 and 102.8 eV, with a slight change in binding energy. The 

shift values of O 1s, C 1s, and Si 2p binding energies indicated the hybridization of the active 

groups of CTU with the surface groups of MMT-silica-GO. Furthermore, the N 1s spectra of 

MMT-silica-GO-CTU (Figure 6.8(e)) showed two intense peaks at 397.7 eV (-CONH) and 399.4 

eV (N-H), while the S 1s spectra (Figure 6.8(f)) displayed a peak at 164.2 eV, possibly due to 

photoemission from the C=S group.28,44,46,52–55 
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6.3.9 Thermogravimetric study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.9 (a) TGA curves of GO, MMT, MMT-silica-GO and MMT-silica-GO-CTU, (b) DTG 

curves of GO, MMT, MMT-silica-GO and MMT-silica-GO-CTU. 
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In order to determine the thermal stability of synthesized materials, TGA analysis is 

conducted as provided in Figure 6.9(a). In the case of GO, the initial weight loss observed up to 

150°C is typically attributed to the evaporation and removal of adsorbed water molecules. 

However, significant weight loss occurs at approximately 285 °C due to the decomposition of 

labile oxygen-containing functional groups. For MMT, the initial weight loss up to 150 °C is 

associated with the collapse of the clay layers and the loss of catalytic activity sites. In contrast, 

the MMT-silica-GO composite exhibits improved thermal stability compared to MMT and GO. 

The presence of a GO and silica layers on the surface prevents further degradation. The weight 

loss of the MMT-silica-GO composite is significantly lower at 400 °C, and the weight remains 

relatively constant above 350 °C. This excellent thermal stability, combined with the unique 

sandwich structure of the composite, makes it an ideal reinforcement material for enhancing the 

thermal stability and catalytic activity of MMT. Regarding the MMT-silica-GO-CTU composite, 

the TGA analysis reveals three-steps decomposition process. The first step involves the loss of 

lattice water molecules in the temperature range of 50 to 180 °C, resulting in a mass loss of 5.37%. 

The second step occurs between 180 and 270 °C with a mass loss of 14.86%, likely corresponding 

to the decomposition of carboxyl groups. The third step, observed in the temperature range of 270–

600 °C, involves the breakdown of the amine and thio-based organic scaffolds, leading to a weight 

loss of 13.75%.46,54,56  

 

The derivative (DTG) curves are depicted in Figure 6.9(b). It is evident that all samples 

exhibit a prominent shoulder peak followed by a sharp decomposition peak. The shoulder peak is 

indicative of the initial weight loss, occurring within the temperature range of 75°C to 150°C. This 

weight reduction can be attributed to the degradation of adsorbed water molecules. GO and MMT-

silica-GO-CTU shows the mass loss between 180 and 270 °C, likely corresponding to the 

decomposition of carboxyl groups and organic moiety. On the DTG curve, the sharp peak 

represents a subsequent weight loss, taking place between 450°C and 550°C, primarily arising 

from the degradation of the primary carbonaceous compounds. Notably, for the MMT-silica-GO 

samples, these temperature ranges 75°C and 150°C peak height is decreased, indicating an 

enhancement in thermal stability. This phenomenon can be attributed to the improved sandwich 

structure resulting from the uniform dispersion of silica and graphene oxide within MMT. 

Conversely, a continuous MMT-silica-GO network forms through the even dispersion of silica and 
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graphene oxide, consequently reducing the rate of volatilization during the initial MMT 

decomposition. In summary, the incorporation of silica and GO leads to higher heat capacity in 

composites and enhances the catalytic effect of MMT-silica-GO, resulting in improved thermal 

stability stemming from increased catalytic activity.57–59 

 

Based on the observed results from (FTIR, and Raman) spectra, XRD, SAXS, XPS, and 

TGA provide conclusive evidence of the successful synthesis of MMT-silica-GO and MMT-silica-

GO-CTU composites, revealing their structural and thermal properties. 

 

6.4 Catalytic activity 

 

The catalytic activity of the MMT-silica-GO-CTU composite was investigated in the one-

pot Strecker reaction with aldehydes/ketones. In addition to its structural characteristics, the 

composite exhibits feature that can enhance its catalytic properties. The chiral thiourea metal-free 

catalyst and thiourea-based moiety present in MMT-silica-GO-CTU contribute Lewis acid/base 

bifunctional catalytic sites, making it a promising dual catalyst. The study involved testing the 

catalytic activity of MMT-silica-GO-CTU in the one-pot Strecker reaction using a screening of 

catalyst loadings. The reaction was then scaled up, and leaching was evaluated. The reaction 

mixture consists of varying aldehydes/ketones, aniline, and TMSCN in a ratio of 1:1:1.2. By 

conducting these experiments, the researchers aimed to assess the efficiency and effectiveness of 

MMT-silica-GO-CTU as a catalyst in promoting the Strecker reaction (Scheme 6.2 & Scheme 6.3). 

The results would provide insights into its potential as a catalytic system for synthesizing amino 

nitriles through a convenient and sustainable one-pot process.  
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6.4.1 Using different types of aldehyde and amines derivatives 

 

 

 

 

 

 

Scheme 6.2 Strecker reaction of various aldehydes and amines in the presence of MMT-silica-

GO-CTU. 

 

Table 6.2 Different types of aldehyde and amine derivatives, % conversion and excess of 

enantiomer (ee) catalyzed by MMT-silica-GO-CTU in the asymmetric Strecker reaction. 
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6.4.2 Testing MMT-silica-GO-CTU recyclability with aldehyde and amine 

 

Table 6.3 Recyclability test of the MMT-silica-GO-CTU over the asymmetric strecker reaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.10 Recyclability test of MMT-silica-GO-CTU catalyst over the asymmetric strecker 

reaction. 
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6.4.3 Using types of ketones and amines derivatives 

 

 

 

 

 

 

 

Scheme 6.3 Strecker reaction of various ketones and amines in the presence of MMT-silica-GO-

CTU 

 

 

Table 6.4 Different types of ketone and amine derivatives, % conversion and excess of enantiomer 

(ee) catalyzed by MMT-silica-GO-CTU in the asymmetric Strecker reaction. 

 

 

 

 

 

 

 



Chapter 6 

149 | P a g e  
 

6.4.4 Testing MMT-silica-GO-CTU recyclability with ketone and amine 

 

Table 6.5 Recyclability test of the MMT-silica-GO-CTU over the asymmetric strecker reaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.11 Recyclability test of MMT-silica-GO-CTU catalyst over the asymmetric strecker 

reaction. 
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In this study, the asymmetric cyanosilylation of benzaldehyde (for various aldehydes) and 

acetophenone (for various ketones) was selected as a representative reaction to synthesize chiral 

cyanohydrins under mild reaction conditions. In this study, MMT-silica-GO-CTU was used as the 

catalyst, and various solvents were tested to determine the optimal solvent for the highest product 

yield and enantioselectivity. Notably, the absence of the catalyst led to a complete lack of 

enantioselectivity, resulting in a zero percent enantiomeric excess (ee). This finding suggests that 

the chiral nature of the product was solely derived from the intrinsic chirality of the MMT-silica-

GO-CTU catalyst. Different aldehydes and ketones were tested under optimized reaction 

conditions using MMT-silica-GO-CTU as a catalyst. The results were summarized in Table 6.2 & 

Table 6.4. The study also investigated the influence of substituent groups on the electronic effects 

and steric hindrance of the aldehydes/ketones. It was observed that electron-withdrawing and 

electron-donating substituents led to the formation of cyanohydrins with good-to-excellent yields. 

The enantioselectivity of the synthesized products was observed to be strongly influenced by the 

electronic properties and steric hindrance of the substituent groups.  These results indicated that 

MMT-silica-GO-CTU acted as an asymmetric heterogeneous catalyst. The stability of MMT-

silica-GO-CTU after catalytic run was evaluated. The catalyst could be readily separated from the 

reaction suspension using a simple centrifugation process and demonstrated the ability to be reused 

for at least five cycles. Throughout the recycling process, there was only a slight reduction in both 

reactivity and enantioselectivity of the catalyst. The results are summarized in Table 6.3 & Table 

6.5 and are depicted in Figure 6.10 & Figure 6.11. Analysis of the catalyst's stability was 

performed using various techniques including PXRD, FTIR, Raman spectroscopy SEM and 

EDAX (Figure 6.12 (a-e)). 
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Figure 6.12 (a) XRD pattern of the MMT-silica-GO-CTU catalyst (after 5th cycle), (b) Raman 

spectra of the MMT-silica-GO-CTU catalyst (after 5th cycle). (c) FTIR spectra of the MMT-silica-

GO-CTU catalyst (after 5th cycle). (d) FESEM image of the MMT-silica-GO-CTU catalyst (after 

5th cycle). (e) EDAX spectra of the MMT-silica-GO-CTU catalyst (after 5th cycle). 

 

The PXRD patterns, crystallinity, FTIR and Raman spectra of MMT-silica-GO-CTU 

remained unchanged after 5th cycle, indicating the stability of the catalyst was intact throughout 

the reaction cycles. These findings demonstrate the effectiveness and stability of MMT-silica-GO-

CTU as an asymmetric heterogeneous catalyst for the cyanosilylation reaction, offering potential 

applications in the synthesis of chiral cyanohydrins. 
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6.5 A plausible catalytic path for asymmetric Strecker reaction 

 

Based on the above studies, a proposed mechanism for the Strecker reaction catalyzed by 

MMT-silica-GO-CTU is illustrated in the accompanying Figure 6.13. The findings and proposed 

mechanism presented in this work are consistent with the reports found in the literature.15,33,60 

Previous studies have indicated that the reaction involves the interaction between the oxygen of 

aldehydes/ketones and the Lewis acidic site (amine group) present in MMT-silica-GO-CTU. The 

interaction between the oxygen of aldehydes/ketones and the Lewis acidic site (amine group) in 

MMT-silica-GO-CTU enhances the carbonyl carbon electrophilicity. This increased 

electrophilicity promotes the nucleophilic attack of the amine on the carbonyl carbon of 

benzaldehyde, leading to the generation of an imine intermediate. Subsequently, a water molecule 

is eliminated from the intermediate, resulting in the formation of the desired product. Furthermore, 

the imine nitrogen undergoes polarization due to the presence of the amine group. This mutual 

polarization additionally amplifies the electrophilic nature of the imine intermediate, which is 

generally characterized as a weak electrophile. This increased electrophilicity enables, the 

nucleophilic attack by the CN- group of TMSCN undergoes a nucleophilic attack, leading to the 

formation of α-aminonitriles. Additionally, this process leads to the regeneration of the active form 

of the catalyst, thus completing the catalytic cycle. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.13 A plausible catalytic cycle for asymmetric Strecker reaction. 
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6.6 Conclusion 

 

In conclusion, the research presented here focuses on the synthesis and characterization of 

composites comprising montmorillonite, silica, and graphene oxide (MMT-silica-GO). The 

successful intercalation of graphene oxide sheets and silica into the MMT interlayer. One notable 

finding is that the MMT-silica-GO composite exhibits improved thermal stability when compared 

to individual components, namely MMT and GO. This enhanced thermal stability is a significant 

advantage and expands the potential applications of these composites, which enhances the 

accessibility of active sites and promotes efficient dispersion of the catalyst. These findings 

highlight the importance of composite materials and their potential for applications in catalysis. 

Furthermore, the developed a novel variation of the composite material, MMT-silica-GO, by 

encapsulating it with a chiral thiourea-based moiety (CTU). The catalytic performance of the 

MMT-silica-GO-CTU composite was evaluated for the Strecker reaction. The results demonstrate 

that this composite material exhibits high catalytic activity and selectivity in the Strecker reaction, 

suggesting its potential as an efficient catalyst. 
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