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(a) Synthesis of MCM-48 

(b) Loading of amino acids (L-Arginine & Cysteine) and drugs 
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Experimental  

Materials 

All chemicals used were of A. R. grade. 12-Tungstophosphoric acid (TPA), sodium 

hydroxide (NaOH), Cetyl trimethyl ammonium bromide (CTAB), Tetraethyl 

orthosilicate (TEOS), Ethanol, 32% Liquor Ammonia, NaCl, NaHCO3, KCl, 

K2HPO4.3H2O, MgCl2. 6H2O, HCl, CaCl2, Na2SO4 and NH2C(CH2OH)3 were used as 

received from Merck. Ninhydrin, L-Arginine, Cysteine, Aspirin, Captopril and 

Camptothecin were used as received from Sigma Aldrich.  

Synthesis of MCM-48 

The synthesis of MCM-48 was carried out as reported in literature [1]. 2.4 g of CTAB 

was dissolved in 50 ml distilled water. To this, 50 ml ethanol (0.87 mole) and 12.6 ml 

ammonia (32 wt%, 0.2 mole) were added. The mixture was then stir for 10 min. When 

solution become homogenous, 3.4 g TEOS was added. After stirring for 2 h the 

resulting white solid was filtered and wash with distilled water. The template was 

removed by calcination for 823 K for 6 h. The resulting material was designated as 

MCM-48 (Figure 1). 

 
Figure 1. Synthesis of MCM-48 
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Loading of L-Arginine into MCM-48 

Loading of L-Arginine was also carried out by same method, incipient wet 

impregnation as stated in experimental section of chapter 1A. The obtained material 

was designated as L-arg/MCM-48. Loading amount was further confirmed by thermal 

analysis which shows 0.1 g of L-Arginine was loaded per g of MCM-48.  

Loading of Cysteine  

Cysteine was loaded over MCM-48 using same method as stated in chapter 1A (by 

soaking and impregnation method).  The obtained material was designated as 

Cys/MCM-48. The loading amount of Cysteine was obtained by analyzing the filtrate 

using UV–Vis spectroscopy as well as by thermal analysis which shows 14% loading 

of Cysteine into the MCM-41. Material prepared by incipient wetness impregnation 

method was designated as Cys/MCM-48(I).  

Loading of drugs (Aspirin, Captopril and Camptothecin) 

Loading of drugs were also carried out by same method as shown in chapter 1A. 

Aspirin, Captopril as well as Camptothecin were loaded into MCM-48 and designated 

as Cap/MCM-48, Asp/MCM-48 and CPT/MCM-48. The amount of drug loading was 

determined by analyzing filtrate at 296 nm, 203 nm and 370 nm respectively.     

Results and Discussion  

The synthesized MCM-48 and amino acids/drug loaded MCM-48 were characterized 

by various spectroscopic techniques such as TGA, FTIR, BET surface area, XRD and 

TEM. 

Amount of loaded drug was obtained by two methods: (1) By UV-Visible 

spectroscopy analysis, which is by analyzing the obtained filtrate after loading at 296 

nm, 203 nm and 370 nm for Aspirin, Captopril and Camptothecin respectively. 

Analysis of Cysteine loaded into MCM-48 were also carried out by same method by 

reacting it with ninhydrin reagent at 570 nm (2) By TG analysis of amino acids/drug 

loaded into MCM-48. The obtained results are shown in Table 1. 
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Table 1. Amount of amino acids/drug loaded into MCM-48 

Amino 

Acid/Drugs 
% Loading 

Amount of amino acids/drug 

encapsulated (mg/g of carrier) 

L-Arginine 10 ± 0.2 100 ± 2 

Cysteine 14 ± 0.2 140 ± 2 

Aspirin 4.8 ± 0.2 48 ± 2 

Captopril 5.5 ± 0.2 55 ± 2 

Camptothecin 8.0 ± 0.2 80 ± 2 

TGA 

Figure 2 shows TGA curves of MCM-48, L-arg/MCM-48, Cys/MCM-48, Asp/MCM-

48, Cap/MCM-48 and CPT/MCM-48. TGA curve of MCM-48 shows initial weight 

loss of 0.7% up to 150 oC. This initial weight loss may be due to adsorption of 

physically adsorbed water molecules. After that no further weight loss is observed. 

TGA curve of L-arg/MCM-48 shows initial weight loss of 0.85% which may be 

due to the presence of adsorbed water (Figure 2b). Further weight loss of 9.55% from 

200 oC to 450 oC is observed which may be due to the removal of L-Arginine from 

MCM-48. TGA curve of Cys/MCM-48 (Figure 2c) shows initial weight loss of 2.2% 

due to the removal of adsorbed water. Further weight loss of 14% from 200 oC to 550 

oC is observed which may be due to the removal of Cysteine from MCM-48.    

TGA curve of Asp/MCM-48 initial weight loss of 2.5% up to 100 oC respectively 

which is corresponding to removal of adsorbed water. Further weight loss of 4.8% from 

200 oC to 550 oC may be due to the removal of Aspirin from Asp/MCM-48. 

TGA curve of Cap/MCM-48 initial weight loss of 2.7% up to 100 oC 

respectively which is corresponding to removal of adsorbed water. Further weight loss 

of 5.5% from 200 oC to 550 oC may be due to the removal of Cap from Cap/MCM-48.  

TGA curve of CPT/MCM-48 initial weight loss of 4.5% up to 100 oC 

respectively which is corresponding to removal of adsorbed water. Further weight loss 

of 8.0% from 200 oC to 550 oC may be due to the removal of CPT from CPT/MCM-48. 
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Figure 2. TGA curve of (a) MCM-48, (b) L-arg/MCM-48, (c) Cys/MCM-48, (d) 

Asp/MCM-48, (e) Cap/MCM-48 and (f) CPT/MCM-48 

FTIR 

The FTIR of MCM-48 (Figure 3) shows a broad band around 1100 and 1165 cm-1 

corresponding to asymmetric stretching of Si-O-Si. The bands at 640 cm-1 and 458 cm-1 

are due to symmetric vibrations of Si-O-Si and bending vibrations of Si-O, 

respectively. 

The FTIR spectra of L-Arginine shows bands around 3103, 1680, 1558 cm-1 

corresponds to N–H stretching vibration, NH2 in plan bending vibration and C=O 

stretching vibration respectively [2]. All the peaks correspond to MCM-48 has been 

observed in FTIR spectra of L-arg1/MCM-48. Further peaks correspond to L-Arginine 

has been observed with shifting in vibration band of NH2 (from 1680 to 1666 cm-1)  and 

CO (from 1558 to 1442 cm-1)  group suggests the strong interaction of L-Arginine 

through this group with the surface Si-OH group of MCM-48.  

The FTIR of Cysteine shows typical bands at, 2551 and 1589 cm-1 corresponds 

to SH, and CO respectively. Along with this, 1424 cm-1 and 1432 cm-1, 1303 cm-1, 1341 
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cm-1 corresponds to CH2 in plan bending vibration, CH2 stretching vibration, CH 

stretching vibration are observed [3]   

Figure 3. FTIR spectra of MCM-48, amino acids (L-Arginine and Cysteine), Drugs 

(Aspirin, Captopril and Camptothecin), and amino acids/drugs loaded MCM-48 

The FTIR spectrum of Aspirin shows bands at 1630, 1020-1275, 545, 2700-

2500 cm-1 and weak band at 2800-2600 cm-1 corresponding to  C=O,  C-O stretching  

and CO2 rocking vibration and OH of carboxylic acid [4a, 4b]. The FTIR spectra of 

Asp/MCM-48 shows entire bands related to MCM-48. In additional to this it shows 

shifting in starching band of OH of carboxylic acid group to 2979 cm-1. The bands 

corresponding to C=O and C-O stretching vibration may get merged with stretching 

vibration of Si-O-Si band. This also suggests homogeneous distribution of Aspirin 

molecules into the mesoporous channels of carrier.     

The FTIR spectrum of Captopril shows bands at 2981, 2949 cm–1 for CH3 and 

CH2 asymmetric stretching, 2877 cm–1 for CH3, 2567 cm–1 for SH, 1747 cm–1 for C=O 

of carboxylic acid, 1469 cm–1 for CH3 bending vibration, 1228 cm–1 for C-N stretching 

vibration which are in good agreement with reported one [5]. FTIR spectrum of 

Cap/MCM-48 shows entire bands corresponding to MCM-48 suggesting the intact 
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structure of MCM-48 in Cap/MCM-48. Along with this, it shows shifting in band of 

SH and C=O groups from 2567 cm-1 to 2343 cm-1 and 1747 cm-1 to 1637 cm-1 

respectively. This suggests the interaction of SH and C=O group of Captopril into 

MCM-41.   

The reported bands of CPT are at 3425 cm-1, 1736 cm-1, 1648 cm-1, and 1436 

cm-1 corresponding to OH stretching, ester (carbonyl) stretch, carbonyl stretching and 

C-N stretching vibration, respectively [6]. FTIR spectrum of CPT/MCM-48 shows 

whole bands corresponding to MCM-48. Along with this, it shows bands shifting from 

1736 to 1774 cm-1 corresponding to Ester (Carbonyl) which indicates the interaction of 

CPT with MCM-41 through ester carbonyl group.  

Nitrogen adsorption-desorption isotherm  

Nitrogen adsorption-desorption isotherm of all the materials are shown in Figure 4 and 

textural property of MCM-48 as well as all the loaded materials has been obtained 

using BET surface area analyzer and data are shown in Table 2. The isotherm is type 

(IV) in nature for all the systems which confirms the formation of mesoporous 

structure. Further it shows that structure of MCM-48 remain intact even after loading of 

amino acid/drugs. 

Table 2. Textural properties of MCM-48 and amino acids/drug loaded MCM-48  

The surface area of MCM-48 was found to be 1141 m2/g with 0.7 cm3/g pore 

volume. Decrease in surface are and pore volume is observed for all the amino 

acid/drug loaded systems, indicate the insertion of amino acid/drug into the mesoporous 

channels of MCM-48. 

Materials Specific surface area 

(m2/g ) 

Pore volume  

(cm3/g) 

MCM-48 1141 0.67 

L-arg/MCM-48 109 0.25 

Cys/MCM-48 541 0.41 

Asp/MCM-48 705 0.26 

Cap/MCM-48 344 0.29 

CPT/MCM-48 187 0.32 
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Figure 4. Nitrogen Adsorption-desorption isotherm of all materials 

  



 

128 
 

Low angle Powder XRD  

Figure 5 shows powder XRD pattern of all materials. The XRD pattern of MCM-48 

shows main characteristic peaks at 2.3o which indicates the presence of intact structure 

of MCM-48. It also shows broad shoulder at 3.0o corresponding to a plane 211 and 220, 

respectively. Several peaks in the range of 4-5o diffraction angles correspond to the 

reflections of 400, 321 and 420 planes of a typical MCM-48 meso-structure with Ia3d 

cubic symmetry. 

 
Figure 5. Low angle powder XRD of (a) MCM-48, (b) L-arg/MCM-48, (c) Cys/MCM-

48, (d) Asp/MCM-48, (e) Cap/MCM-48 and (f) CPT/MCM-48 

It is well known that the low angle XRD pattern are sensitive to pore filling and 

loaded materials show lowered intensity of characteristic peak compared to pure one. 

The main characteristic peaks at 2.3o are also observed in amino acid/drug loaded 

samples with lower intensity. The intensity of rest of the peaks are very less in pure 
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MCM-48, which was further decrease in rest of the materials and disappears which 

suggests the insertion of L-Arginine and Cysteine into the mesoporous channels of 

MCM-48, good agreement with reported results [7, 8].  

TEM 

Figure 6 Shows TEM images of MCM-48, L-arg/MCM-48, Cys/MCM-48 Asp/MCM-

48, Cap/MCM-48 and CPT/MCM-48 at 50 nm magnifications. TEM images of all the 

materials show spherical morphology. Further, loading of amino acid/drugs does not 

alter the structure of MCM-48. It also shows absence of any agglomeration indicating 

well-ordered homogenous dispersion of amino acids/drugs. However, L-arg/MCM-48 

and Cys/MCM-48 shows porous structure with slight darkening as having higher 

loading.  

 
Figure 6. TEM images of MCM-48, L-arg/MCM-48, Cys/MCM-48, Asp/MCM-48, 

Cap/MCM-48 and CPT/MCM-48 at 50 nm magnification 
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(a) Functionalization of  MCM-48 by 12-tungstophosphoric acid 
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(Aspirin, Captopril and Camptothecin) into TPA-MCM-48  
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Experimental  

Functionalization of MCM-48 using 12-Tungstophosphoric acid (TPA)  

MCM-48 was also functionalized by TPA using same method as describe in chapter 

1B.  1 g of MCM-48 was impregnated with an aqueous solution of TPA (0.3/30 g/mL 

of distilled water) and dried at 100 oC for 10 h. The obtained material was designated as 

TPA-MCM-48.  

Loading of Amino acids/drugs into TPA-MCM-48  

Loading of L-arginine as well as Cysteine were carried out by same method as stated in 

chapter 1B. The prepared material was designated as L-arg/TPA-MCM-48 and 

Cys/TPA-MCM-48. Loading of drugs were also carried out by same method as 

mentioned in chapter 1B. The prepared material was denoted as Asp/TPA-MCM-48, 

Cap/TPA-MCM-48 and CPT/TPA-MCM-48. The loading amounts of amino 

acids/drugs were obtained by analyzing the filtrate using UV–Vis spectroscopy as well 

as by thermal analysis.  

Results and discussion  

Characterizations of TPA-MCM-48  

The synthesized TPA-MCM-48 was characterized by various spectroscopic techniques. 

Only the main characterization techniques such as EDS, 29Si and 31P MAS NMR are 

presented here and the rest of the techniques will be discussed along with the drug 

loaded materials.   

Elemental analysis (EDS) 

EDS analysis for TPA-MCM-48 is shown in Table 1. The results obtained from EDS 

were in good agreement with the theoretical values.  
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Table 1 Results of elemental analysis in wt%.  

Materials 

Elemental analysis (weight %) 

W P 

Theoretical By EDS Theoretical By EDS 

TPA-MCM-48 19.0 18.3 0.32 0.31 

29Si and 31P MAS NMR 

29Si MAS NMR is a useful technique to study the chemical environment around the 

silicon nuclei in the mesoporous materials. Figure 1 represents the 29Si MAS NMR 

spectra of MCM-48 and TPA-MCM-48. A broad peak of MCM-48 between -90 to -125 

ppm observed which can be attributed to three main part of the peak with chemical shift 

at -92, -99 and -108 ppm (Figure 1a, Table 2). These signals resulted from Q2 (-92 

ppm), Q3 (-99 ppm) and Q4 (-108 ppm) silicon nuclei.  

All the three, Q2, Q3 and Q4 bands are observed in NMR spectra of TPA-MCM-

48 (Figure 1b) suggesting the intact structure of MCM-48 even after functionalization. 

However, significant shift is observed in Q2 band from -92 to -88 (Table 2) suggests the 

interaction of Si-OH group of MCM-48 with TPA.   

Table 2 29Si chemical shift of MCM-48 and TPA-MCM-48  

 

 

 

 

Sr. No. Materials 29Si MAS NMR data 

 
 

Q2 ppm Q3 ppm Q4 ppm 

1. MCM-48 -92 -99 -108 

2. TPA-MCM-48 -88 -98 -108 
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Figure 1 29Si MAS NMR of (a) MCM-48 and (b) TPA-MCM-48 

31P MAS NMR is the most important method to study chemical environment 

around the phosphorous in heteropoly compounds. The 31P MAS NMR spectrum of 

TPA-MCM-48 is shown in Figure 2. The pure TPA shows single peak at -15.62 ppm 

[9]. The 31P MAS NMR spectra of TPA-MCM-48 shows two peak at -12.27 and 3.060 

ppm. The observed shift from -15.62 to -12.27 ppm is attributed to the strong 

interaction of MCM-48 with that of TPA as well as the presence of TPA inside the 

MCM-48. These results are in good agreement with reported one [10]. 



 

134 
 

 
Figure 2. 31P MAS NMR of TPA-MCM-48 

Characterizations of drug loaded materials 

All the drug loaded materials were characterized by various physicochemical 

techniques.   

Amount of loaded drug was obtained by two methods: (1) By UV-Visible 

spectroscopy analysis, which is by analyzing the obtained filtrate after loading at 296 

nm, 203 nm and 370 nm for Aspirin, Captopril and Camptothecin respectively. 

Analysis of cysteine loaded into MCM-48 were also carried out by same method by 

reacting it with ninhydrin reagent at 570 nm (2) By TGA analysis of amino acids/drug 

loaded into TPA-MCM-48. The obtained results are shown in Table 3. 
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Table 3. Amount of amino acids/drug loaded into TPA-MCM-48 

Amino 

Acid/Drugs 
% Loading 

Amount of amino acids/drug 

encapsulated (mg/g of carrier) 

L-arginine 10 ± 0.2 100 ± 2 

Cysteine 8 ± 0.2 80 ± 2 

Aspirin 3.6 ± 0.2 36 ± 2 

Captopril 4.5 ± 0.2 45 ± 2 

Camptothecin 7.5 ± 0.2 75 ± 2 

TGA 

Figure 3 shows TGA curves of (a) TPA-MCM-48, (b) L-arg/TPA-MCM-48, (c) 

Cys/TPA-MCM-48, (d) Asp/TPA-MCM-48, (e) Cap/TPA-MCM-48 and (f) CPT/TPA-

MCM-48.  

TGA curve of TPA-MCM-48 shows initial weight loss of 10-13% up to 150 oC 

which indicate presence of adsorbed water. Second weight loss of 1-2% between 200 

and 300 oC corresponds to the loss of water of crystallization of Keggin ion. A gradual 

weight loss from 300 to 500 oC was observed due to the difficulty in removal of water 

present in TPA molecules inside the channels of MCM-48. This type of inclusion can 

cause the stabilization of TPA molecules inside the channels of MCM-48. 

TGA curve of L-arg/TPA-MCM-48 shows initial weight loss of 2.45% up to 

100 oC and further weight loss of 9.93% from 200 to 500 oC. Initial weight loss may be 

due to the presence of adsorbed water. Weight loss from 200 to 490 oC may be because 

of the removal of L-arginine from TPA-MCM-48. 

TGA curve of Cys/TPA-MCM-48 also shows initial weight loss of 2.3% up to 

150 oC respectively which is corresponding to removal of adsorbed water. Further 

weight loss of 8% from 200 oC to 550 oC may be due to the removal of cysteine from 

TPA-MCM-48. 

TGA curve of Asp/TPA-MCM-48 shows initial weight loss of 2.7% up to 150 

oC respectively which is corresponding to removal of adsorbed water. Further weight 

loss of 3.6% from 200 oC to 550 oC may be due to the removal of aspirin from TPA-

MCM-48. 
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TGA curve of Cap/TPA-MCM-48 and CPT/TPA-MCM-48 also shows initial 

weight loss of 2.5% and 6.7% up to 150 oC respectively which indicates presence of 

adsorbed water. Further weight loss of 4.5% and 7.5% from 200 oC to 550 oC may be 

due to the removal of Captopril and CPT from TPA-MCM-48. 

 
Figure 3. TGA curve of (a) TPA-MCM-48, (b) L-arg/TPA-MCM-48, (c) Cys/TPA-

MCM-48, (d) Asp/TPA-MCM-48, (e) Cap/TPA-MCM-48 and (f) CPT/TPA-MCM-48 

FTIR 

FTIR bands of TPA-MCM-48, L-arg/TPA-MCM-48, Cys/TPA-MCM-48, 

Asp/TPA-MCM-48, Cap/TPA-MCM-48 and CPT/TPA-MCM-48 are shown in 

Figure 4. The reported bands for TPA are 1088, 987, and 897 cm-1 corresponding 

to P-O stretching, W=O symmetric stretching and W–O-W bending respectively. 

The presence of typical bands of TPA (R) at 982 cm-1 corresponding to Vas 

vibration of W = Od, and 897 cm-1 for stretching vibrations of W-O-W, in TPA-

MCM-48 suggest the primary structure of TPA is remain intact even after 

functionalization of MCM-48. The absence of vibration band at 1080 cm-1 (Vs 

stretching of P-O) of TPA may be due to superimposition on the bands of MCM-

48. 
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Figure 4. FTIR spectra of TPA-MCM-48, amino acids (L-arginine and Cysteine), 

Drugs (Aspirin, Captopril and Camptothecin), and amino acids/drugs loaded TPA-

MCM-48 

FTIR spectrum of L-arg/TPA-MCM-48 shows entire bands corresponding to 

TPA-MCM-48 with lower intensity suggests the structure of TPA-MCM-48 remains 

intact. It shows some additional bands at 3183 cm-1 due to the N-H stretching, 1690 cm-

1 due to NH2 in plane bending vibration and 1552 cm-1 due to C=O stretching vibration. 

Shifting in the bands correspond to C=O group and N-H group of L-arginine suggests 

the interaction of L-arginine to TPA-MCM-48 through these functional group. 

FTIR spectrum of Cys/TPA-MCM-48 also shows whole bands related to TPA-

MCM-48 suggesting the intact structure of TPA-MCM-48. The significant shifting in 

band of SH group from 2551 to 2600 cm-1 indicates the interaction of Cysteine through 

SH group. 

The FTIR spectrum of Asp/TPA-MCM-48 shows entire bands related to TPA-

MCM-48. In additional to this it shows shifting in starching band of OH of carboxylic 

acid group to 2980 cm-1.  The bands corresponding to C=O and C-O stretching 
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vibration may get merged with stretching vibration of Si-O-Si band. This also suggests 

homogeneous distribution of drug molecules into the mesoporous channels of carrier. 

The FTIR spectrum of Cap/TPA-MCM-48 shows all bands corresponding to 

TPA-MCM-48 structure. Entire bands related to TPA-MCM-48 are present in 

Cap/TPA-MCM-48. Along with this shifting in band of SH and C=O groups are 

observed from 2567 cm-1 to 2310 cm-1 and 1747 cm-1 to 1631 cm-1 respectively. This 

suggests the interaction of SH and C=O group of captopril into MCM-41.  

The FTIR spectrum of CPT/TPA-MCM-48 also shows whole bands related to 

TPA-MCM-48 which also indicates intact structure of TPA-MCM-48. It also shows 

shifting in band corresponding to ester carbonyl, from 1736 cm-1 to 1635 cm-1 

which indicate the interaction of CPT with TPA-MCM-41 through  C=O group.  

Nitrogen adsorption-desorption isotherm  

Figure 5 shows Nitrogen adsorption-desorption isotherm of TPA-MCM-48, L-

arg/TPA-MCM-48, Cys/TPA-MCM-48, Asp/TPA-MCM-48, Cap/TPA-MCM-48 as 

well as CPT/TPA-MCM-48 and textural properties of these are shown in Table 4. The 

isotherm is type (IV) in nature according to the IUPAC classification which is a 

characteristic of mesoporous solids for all the six systems. This also suggests that 

functionalization as well as loading does not alter the structure of MCM-48.  

Table 4. Textural properties of materials and amount of drug encapsulated into TPA-

MCM-48 

Decrease in all structural parameters of amino acid/drug loaded TPA-MCM-48 

suggests the insertion into the porous channels of TPA-MCM-48. Significant decrease 

in surface area and pore volume is observed in case of L-arg/TPA-MCM-48 as having 

maximum loading of L-arginine. In all the case, the basic structure of MCM-48 remains 

intact.    

Materials Specific surface area (m2/g ) Pore volume (cm3/g) 

TPA-MCM-48 566 0.22 

L-arg/TPA-MCM-48 68 0.10 

Cys/TPA-MCM-48 222 0.210 

Asp/TPA-MCM-48 299 0.19 

Cap/TPA-MCM-48 296 0.20 

CPT/TPA-MCM-48 108 0.06 



 

139 
 

 
Figure 5. Nitrogen adsorption-desorption isotherms of all materials 

Low Angle Powder XRD 

Figure 6 shows low angle powder XRD of (a) TPA-MCM-48, (b) L-arg/TPA-MCM-

48, (c) Cys/TPA-MCM-48, (d) Asp/TPA-MCM-48, (e) Cap/TPA-MCM-48 and 

CPT/TPA-MCM-48. It is well known that the low angle XRD pattern are sensitive to 

pore filling and loaded materials show lowered intensity of characteristic peak 

compared to pure one and this reflect in the XRD pattern of all the materials.  
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Figure 6. Low angle powder XRD of (a) TPA-MCM-48, (b) L-arg/TPA-MCM-48, (c) 

Cys/TPA-MCM-48, (d) Asp/TPA-MCM-48, (e) Cap/TPA-MCM-48 and (f) CPT/TPA-MCM-

48 

XRD pattern of all the materials shows characteristics peak at 2θ = 2.3° with 

lower intensity. Absence of any other peak indicates the insertion as well as 

homogeneous distribution of amino acids/drugs into the mesoporous channels of TPA-

MCM-48. In addition to this, disappearance of secondary peak at 2θ = 3-5° in case of 

amino acid/drug loaded (Figure 6b-6f) was observed. This is because further loading of 

amino acids/drug into functionalized MCM-48 may block the channels which have 

already been confirmed by BET analysis. Further the hexagonal mesoporous structure 

of all the materials are confirmed by TEM (Figure 7).  

TEM 

Figure 7 shows TEM images of TPA-MCM-48, L-arg/TPA-MCM-48, Cys/TPA-

MCM-48, Asp/TPA-MCM-48, Cap/TPA-MCM-48 and CPT/TPA-MCM-48 at 200 nm 

magnifications. The TEM image of TPA-MCM-48 shows similar spherical morphology 
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with porous system suggesting intact structure of MCM-48 even after functionalization. 

TEM images of rest of the materials also shows same morphology with spherical 

structure suggests that loading of amino acids/drugs does not alter the structure of TPA-

MCM-48. Further, it also shows absence of any agglomeration which indicates well 

dispersion of drug into the mesoporous channels of the carrier. 

 
Figure 7 TEM images of TPA-MCM-48, L-arg/TPA-MCM-48, Cys/TPA-MCM-48, 

Asp/TPA-MCM-48, Cap/TPA-MCM-48 and CPT/TPA-MCM-48 at 200 nm 

magnification 
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Conclusion  

 Synthesis of MCM-48 was successfully achieved by non-hydrothermal 

synthetic method and functionalization by wet impregnation method using TPA. 

 Synthesis and functionalization was confirmed by elemental analysis and 

spectral studies. 

 FTIR analysis shows that TPA interacts with MCM-48 through Si-OH group of 

MCM-48. Decrease in all parameters of BET surface area analysis shows the 

insertion of TPA into the mesoporous channels of MCM-48.     

 Loading of amino acids/drugs have been successfully achieved by wet 

impregnation and soaking method. 

 TGA and UV spectral studies gave the amount of amino acids/drugs loading 

into MCM-48 as well as TPA-MCM-48.  

 FTIR analysis suggests the interaction between amino acids/drugs and carrier 

(MCM-48, TPA-MCM-48) which is mainly H-bonding.  

 BET surface area analysis shows decrease in all parameters for amino 

acids/drugs loaded carrier which indicates insertion of amino acids/drugs into 

channels of carrier.  

 Low angle powder XRD and TEM analysis show absence of agglomeration and 

homogeneous dispersion of amino acids/drugs into MCM-48 as well as TPA-

MCM-48.  
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