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Abstract 

 Hexagonally ordered mesoporous silica material MCM-41 (SBET = 1090 m2/g, pore 

size = 31.2 Å) was synthesized and modified by 3-aminopropyl ligands. The differences in an 

uptake and subsequent release of anti-inflammatory drug naproxen from unmodified and 

amino modified MCM-41 samples were studied. The prepared materials were characterized 

by high resolution transmission electron microscopy (HRTEM) and scanning electron 

microscopy (SEM), nitrogen adsorption/desorption, Fourier-Transform Infrared Spectroscopy 

(FT-IR), Small-angle X-ray scattering (SAXS), thermoanalytical methods (TG/DTA) and 

elemental analysis. The amount of the drug released was monitored with thin layer 

chromatography (TLC) with densitometric detection in defined time intervals. The amounts of 

the released naproxen from mesoporous silica MCM-41/napro and amine-modified silica 

sample A-MCM-41/napro were 95 and 90% of naproxen after 72 hours. In this study we 

compare the differences of release profiles from mesoporous silica MCM-41 and mesoporous 

silica SBA-15. 
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1. Introduction 

In the recent years, ordered mesoporous materials were investigated as materials for 

applications in many areas, such as catalysis [1, 2], sorption [3], separation [4], drug delivery 

or controlled release [5, 6]. The drug delivery systems are of special interest since controlled 

and prolonged release of the drug could lead to prolonged efficiency, less frequent doses and 

consequently to minimalization of the side, negative effects of the drugs. Several mesoporous 

materials were studied as drug delivery supports such as MCM-41, SBA-15, SBA-16, MSU-

3, FDU-12 [7 - 18]. First who dealt with mesoporous silica as drug delivery support were 

Regí, M.V. et al. They used hexagonal mesoporous silica MCM-41 for controlled release of 

analgesic drug, ibuprofen [5]. The released amount of ibuprofen was 70% and 90.72%, after 

24 and 72 hours, respectively. Muñoz, B. et al. [10] studied the amine modification of 

mesoporous silica MCM-41 materials with different pore size. Their results showed, that 

amino functionalization decrease the rate of drug release. This observation was explained by 

interactions of the amine groups with acidic groups of ibuprofen. Manzano, M. et al. deal with 

ibuprofen delivery from amino-modified MCM-41 with different particle diameter. It was 

found out that a higher amount of ibuprofen (up to 10%) can be loaded into the amino 

modified mesoporous silica MCM-41 than into the unmodified mesoporous material [19].   

Wang, G. [20] et al. presented comparative study of synthesis procedures (grafting or 

co-condensation method) to functionalize mesoporous silica MCM-41 with various functional 

groups (3-aminoprypyl, 3-mercaptopropyl, vinyl and secondary amine groups). Two different 

molecules (ibuprofen and rhodamine) were used as model drugs to investigate adsorption and 

release properties. Their results showed that while mercaptopropyl and vinyl functionalized 

samples showed high adsorption capacity for rhodamine, amine functionalized samples 

exhibit higher adsorption capacity for ibuprofen. On the other hand the tested samples 
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functionalized with vinyl and mercaptopropyl by post grafting method released rhodamine 

faster than the corresponding sample synthesized by co- condensation.  

Doadrio, J.C. and Regí, M.V. [6, 12] prepared mesoporous silica SBA-15 and used it 

for gentamicine and amoxicillin delivery. The authors applied two forms of mesoporous silica 

SBA-15, powder and disk. In the case of gentamicine, they found no significant differences 

between release rates from the both forms. But in the case of amoxicillin, the release rate from 

disk was faster.  

Yu, H. et al. studied release of ninodiphine from SBA-15 mesoporous silica [21]. The 

external surface of the SBA-15 was modified with phenyl-trimethoxysilane or 

trimethylchlorosilane. No difference in the release properties has been found for the samples 

after modification. The release efficiency was 100 % in 24 hours.  

In our work we are interested in investigation of drug delivery of non-steroidal anti-

inflammatory drugs. Recently we have reported the naproxen delivery using hexagonal SBA-

15 silica [22]. In this study we report uptake and subsequent release of naproxen by MCM-41 

silica, which has a narrower pore size in comparison with SBA-15. We compared the release 

profiles of naproxen from these two hexagonal ordered mesoporous matrices. 

 Naproxen (S)-6-Methoxy-α-methyl-2-naphthalenacetic acid (Fig. 1.) belongs to the 

group of nonsteroidal anti-inflammatory drugs (NSAID). This group of drugs is widely used 

to treat arthritis, musculoskeletal and post-operative pain, as well as headache and fever. 

NSAIDs include acetylsalicylic acid, traditional NSAIDs (eg. diclofenac, ibuprofen, 

indomethacin and naproxen) and inhibitors of the COX-2 isoform of cyclo- oxygenase 

(celecoxib, lumiracoxib, etoricoxib, rofecoxib) [23]. Control and optimization of the drug 

release requires selective high-throughput analysis of the drug in the release media. Several 

methods have been published for determination of naproxen in pharmaceutical formations and 

biological fluids. Most of these methods are based on high performance liquid 
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chromatography (HPLC) [24, 25, 26], gas chromatography with mass spectroscopy (GC-MS) 

[26, 27], or thin layer chromatography [28, 29, 30]. Our previous studies have confirmed that 

TLC is suitable and reliable method for analysis of drugs in various complex samples [31]. In 

the present study the amount of the drug released was monitored with fast and simple method 

TLC chromatography with densitometric detection. 

 

Figure 1 

 

2. Experimental part   

Chemicals and Materials 

 Tetraethyl orthosilicate (hereafter denoted as TEOS) was selected as a source of 

silica. Cetyltrimethylammonium bromide (CTAB) was used as the structure directing agent. 

3-aminopropyl-triethoxysilane was chosen for silica modification. All these chemicals were 

obtained from Aldrich. Physiological solution (infusion intravenous solution of 0.9% NaCl) 

was obtained from Braun (Germany). 

 

Synthesis and functionalization of the samples 

 MCM-41 mesoporous silica was synthesized according to the literature [32]. The 

TEOS/ CTAB/ NaOH/ H2O molar ratio was (1/ 0.12/ 0.33/ 601.3). In the typical synthesis, 

0.56 g NaOH was dissolved in 486 ml of distilled water and then 1.99 g of CTAB was added 

into this solution. When the solution became homogenous, 9.33 g of TEOS was added and the 

mixture was stirred for 2 hours. After this time the formed white solid product was filtered 

off, washed with distilled water and dried at laboratory temperature. The porous MCM-41 

sample was prepared by calcination of as-synthesized sample at 500 °C for 7 hours.  
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 The surface modification of silica was carried out by grafting. Before grafting of the 

sample by 3-aminopropyl ligands, silica matrix was thermally treated at 200 °C for 3 hours. 

Then 1g of mesoporous silica was dispersed in 50 cm3 of toluene dried over zeolite sieves. In 

the next step 3 cm3 of 3-aminopropyl-triethoxysilane were added to dried toluene and this 

mixture was refluxed for 20 hours. The solid product was filtered off, washed out with 

toluene and dried at laboratory temperature. The sample was denoted as A-MCM-41. 

 

Loading of naproxen into mesoporous silicas and study of release 

 For the loading of mesoporous supports with naproxen, 200 mg of mesoporous silica 

MCM-41 or A-MCM-41 was added into the solution of naproxen in ethanol (1mg/mL) and 

stirred slowly for 24 hours at laboratory temperature. The obtained products were filtered off, 

gently washed with ethanol and dried at laboratory temperature. The respective samples were 

denoted as MCM-41/napro and A-MCM-41/napro. 

 Naproxen release was received by treating of 150 mg of the samples MCM-41/napro, 

A-MCM-41/napro in 10 mL physiological solution at room temperature under stirring. The 

released amount of naproxen was determined in 1, 3, 5, 7, 24, 48 and 72 hours. Infusion 

intravenous solution of 0.9% NaCl was chosen as physiological solution. 

 

Characterization 

The textural properties of the investigated materials were determined by nitrogen 

adsorption-desorption at 77 K using Quantachrome NOVA 1200e analyzer. Before the 

experiment, the samples were outgassed at 110 °C for 12 hours. The specific surface area, 

SBET was estimated using the Brunauer-Emmett-Teller (BET), pore size distribution and pore 

volumes were calculated using BHJ (theory of Barrett, Joyner, Halenda). Infrared spectra 

were obtained using Avatar FT-IR spectrometer. The powder samples were pressed in KBr 
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pellets for IR analysis. Thermogravimetric (TG) analysis was carried out in air atmosphere at 

the heating rate of 9 °C /min using Netzsch 409 PC instrument. The elemental analysis was 

measured using the CHNS Elementar Analyser Flash 1112 (Finnigan). Small-angle X-ray 

scattering was carried out in Hasylab (Desy, Hamburg) using the B1 beamline. The HRTEM 

micrographs were taken with a JEOL JEM 3010 (LaB6 cathode) microscope operand at 300 

kV. The SEM micrographs were taken with JEOL JSM 35 CF (wolfram cathode) microscope 

operant at 25 kV. Chromatographic analysis was performed on silica/glass F254 TLC plates 

(10 cm x 10 cm, Kavalier, Czech Republic). The samples were spotted using a 2 µL 

microsyring. The plates were developed at room temperature in the vertical trough glass 

developing chamber (20 cm x 20 cm) with benzene-tetrachlormethane-acetic acid (35: 5: 5, 

v/v/v) as mobile phase to the distance of 8 cm. Visualization was performed by illumination 

with UV light source (254 nm) using UV scanner (Krüss, Germany). Densitometric analysis 

was performed at 260 nm by Shimadzu CS-930 TLC Scanner used in the absorbance mode. 

The obtained peak areas served for quantitative evaluation of the drug into physiological 

solution with help of calibration curve of naproxen standards.  

 Calibration standards were prepared daily by diluting solution of naproxen (1 mg/mL 

of ethanol) to yield concentrations of 25, 50, 100, 300, 500 ng per spot of naproxen. These 

standards were used to construct calibration curve. This curve was constructed by plotting the 

peak area against the corresponding concentrations of the analyte by means of the least-square 

method. 

 

3. Results and Discussion 

SAXS study 

 Fig. 2 shows SAXS patterns of the studied materials. The SAXS measurements of the 

unmodified, amine modified and drug loaded samples show that the periodicity of the porous 
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structure of the modified materials was preserved after modification. The diffraction peaks of 

the modified samples have the same q value which indicates no change of the structural 

arrangement during the modification. 

 

Figure 2 

 

SEM and HRTEM measurements 

 Fig. 3 and Fig. 4 show scanning electron micrograph and high resolution transmission 

electron micrographs of the calcined mesoporous silica material MCM-41. SEM micrograph 

shows that MCM-41 has shape of small spherical particles with a size of a few microns. From 

the HRTEM micrographs can be seen that this material has well ordered mesoporous structure 

of hexagonal symmetry with alternating channels and siliceous framework. The pore size, as 

determined from HRTEM micrographs was about 3 nm.  

 

Figure 3 

 

 

                          

Figure 4 

 

Nitrogen adsorption/desorption 

The textural characteristics of the samples were determined by nitrogen 

adsorption/desorption and the results are summarized in the Table 1. The 

adsorption/desorption isotherms are shown in Fig 5.  
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The nitrogen adsorption/desorption isotherm of the MCM-41 mesoporous silica 

material (Fig. 5, isotherm a) is of type IV in the IUPAC classification with a typical 

adsorption step over a narrow range of relative pressures p/p0 = 0.2 - 0.4, arising from the 

capillary condensation of nitrogen in the mesopores. The uniformity of desorption and 

adsorption curve in the full range of the measurement is characteristic for this mesoporous 

silica. BET surface area of MCM-41 sample was 1090 m2/g, pore volume 0.72 cm3/g and pore 

diameter about 31.2 Å, which corresponds with the estimated value from TEM micrographs. 

 

Table 1 

 

The decrease of textural properties and the change of the shape of isotherms were 

observed after amine modification and loading the silica with naproxen (see Table 1 and Fig. 

5).  

The capillary condensation step was significantly reduced for the samples A-MCM-41 

(Fig 5, isotherm b) and MCM-41/napro (Fig. 5, isotherm c), what showed on the decrease of 

the surface area and pore volume of the MCM-41 sample after modification. In the case of 

amine modified sample, A-MCM-41, the surface area decreased to 367 m2/g and pore size to 

30.9 Å. For the sample containing naproxen, MCM-41/napro, the value of the surface area 

was 185 m2/g and the pore size 30.3 Å. The decrease of the textural parameters in the samples 

A-MCM-41 and MCM-41/napro is related to the filling of the pores by aminopropyl ligands 

or naproxen molecules.  

In the case of sample A-MCM-41/napro (Fig 5, isotherm d) the simultaneous 

naproxen loading and amine modification of the mesoporous silica matrix produced filling of 

the pores and the hysteresis loop for this sample completely disappeared. 
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Figure 5 

 

Elemental and thermal analysis 

The quantification of naproxen and/or aminopropyl groups loaded/grafted in the silica 

was made by elemental and thermogravimetric analyses. According to the results of elemental 

analysis the sample A-MCM-41 contained 8.40% of carbon, which corresponds to the 13.5 

wt% of the aminopropyl ligands grafted on the sample. This result is in an agreement with the 

results of the thermal analysis (see below). The amount of the carbon in the sample MCM-

41/napro, as determined by elemental analysis represented 24.8%. This value corresponds to 

the 34 wt.% of the naproxen loaded in the MCM-41 silica. Again this result well agrees with 

the amount of the naproxen as determined by TG and described below. For the sample A-

MCM-41/napro the difference in the amount of naproxen determined by TG (27.6 wt.% - see 

below) and elemental analysis (21.2 wt.%) was observed. The difference can be explained by 

the non-homogeneity of the sample due to pore blockage. Since thermal analysis uses larger 

amounts of the sample, these results should be for the sample A-MCM-41/napro more 

reliable.  

 The thermogravimetric curves are displayed in Fig. 6. In the case of sample MCM-41 

(Fig.6, curve a) the TG curve showed the mass loss in the temperature range 25 °C - 150 °C 

corresponding to the thermodesorption of water. This thermal change is characteristic of all 

other samples (A-MCM-41, MCM-41/napro and A-MCM-41/napro). After dehydratation the 

pure mesoporous silica material MCM-41 is thermally stable in the temperature range from 

150 °C to 900 °C without significant weight change. Slight mass loss at the temperatures 

above 650 °C (Fig. 6, curve a) corresponds to the loss of surface hydroxyls from the sample. 

For the amine functionalized mesoporous silica sample A-MCM-41 (Fig. 6, curve b) the mass 
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loss of 12.5 % occurred in the temperature range 200 - 800 °C corresponding to the 

decomposition and release of amino ligands.  

The sample loaded with the drug, MCM-41/napro (Fig. 6, curve c), shows in 

temperature range from 200 °C to 900 °C the mass loss 34.4 wt.%, which corresponds to the 

344 mg of loaded naproxen per one gram of the sample. More complicated thermal 

decomposition was observed in the case of the sample A-MCM-41/napro (Fig. 6, curve d). 

The total mass loss in the temperature range from 200 to 800 °C was 41.8 wt.%. The 

corresponding amount of the loaded naproxen was calculated from the mass differences 

observed for the samples A-MCM-41 and A-MCM-41/napro. This difference represents 29.3 

wt.%, which corresponds to 293 mg of naproxen per one gram of the sample A-MCM-

41/napro. 

From the results of TG analysis it can be seen that the higher amount of naproxen was 

loaded into unmodified MCM-41 silica. This indicates that for the studied MCM-41 sample, 

with pore size about 3 nm, the amine grafting results decrease of the pore diameters and the 

amine groups obstruct the loading of naproxen molecules. 

     

Figure 6 

 

FT-IR spectra 

 Infrared spectra of unmodified and modified mesoporous samples as well as naproxen 

sample are shown in Fig. 7. The asymmetric stretching vibration νas(Si-O-Si) at about 1000 

cm-1, the symmetric stretching vibration νs(Si-O-Si) at about 800 cm-1 and the bending 

vibration δ(Si-O-Si) at 500 cm-1 are characteristic for FT-IR spectrum of all  studied 

mesoporous silica samples and correspond to the vibrations of the siliceous framework. The 
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broad vibration bands at about 3400 cm-1 are due to stretching vibrations of physisorbed water 

in the samples.  

 The modification of the silica by amine was reflected in the infrared spectra of the 

samples A-MCM-41 and A-MCM-41/napro by the bands of the stretching vibrations ν(C-H) 

at about 2980 - 2840 cm-1 and bending vibrations δ(C-H) in the range from 1470 to 1450 cm-1 

(Fig. 7, spectrum b and d). For the drug loaded samples (MCM-41/napro, A-MCM-41/napro) 

the presence of naproxen in the samples was indicated by the bands of the stretching vibration 

ν(C=O) of naproxen carboxylic group at 1720 cm-1, the breathing vibrations of the aromatic 

rings at 1600 cm-1 and vibrations of naproxen ν(C-H) at about 900 cm-1. 

 As it follows from the results of TG analysis in the case of naproxen loaded samples 

the higher amount of drug was loaded in the sample MCM-41/napro (34.4 wt.% of naproxen) 

in comparison to the amino modified sample A-MCM-41/napro (29.3 wt.% of naproxen). On 

the other side in the amine modified sample A-MCM-41/napro the bands corresponding to 

naproxen are more intensive in comparison with MCM-41/napro sample, even amine 

modified sample contained lower amount of the drug. This result suggests that in the amine 

modified sample larger amount of naproxen was immobilized on the surface of the sample. 

 

Figure 7 

 

Study of the drug release from MCM-41 

The amount of the naproxen released from the mesoporous silicas MCM-41 after 

immersion to physiological solution (0.9% NaCl) was determined by using TLC 

chromatographic method with densitometric detection in defined time intervals. 

To optimize TLC separation, several compositions of mobile phases were tried. A 

satisfactory separation of naproxen was obtained with a mobile phase consisting of benzene-
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tetrachloromethane-acetic acid (35: 5: 5, v/v/v) on aluminium backed TLC plates coated with 

silica gel. The RF value at 260 nm was 0.50. Representative TLC chromatograms of released 

naproxen from the sample MCM-41/napro, amino modified sample A-MCM-41/napro and 

their comparison with naproxen standard are shown on Fig. 8.  

For the additional information the UV adsorption spectrum of naproxen standard and 

released naproxen was measured. The overlaying of UV spectrum of naproxen standard and 

naproxen released from the mesoporous matrix MCM-41 confirmed the purity of released 

naproxen. 

 

Figure 8 

 

 The release profiles of naproxen from both forms of modified and unmodified 

mesoporous silica materials MCM-41 are shown on Fig. 9. From the picture can be seen that 

in the case of mesoporous silica MCM-41/napro larger amount of naproxen (45.6%) was 

released in the first 3 hours than from amine modified sample A-MCM-41/napro (38.9%). 

This difference can be explained by the theory of Ronselholm and Lindén [33] considering 

the larger hydrophobicity and lower wettability of the amine modified sample. In the time 

interval from 3 to 7 hours the kinetic of the release of the naproxen from the respective 

samples changed. Larger amount of naproxen was released from the amine modified sample 

(about 81.8%) than from unmodified one (65.2%). This fact is caused by releasing of 

naproxen molecules from the external surface of silica. After 7 hours the release of the drug 

from the pores of mesoporous silica starts to dominate, however, the higher amount of 

naproxen was still released from the sample A-MCM-41/napro than from the sample MCM-

41/napro. We suppose that in amino modified sample the naproxen release from the outer 

surface still continues until the 50 hours. The total amount of the drug released after 72 hours 
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was 95% of the loaded amount in the case of MCM-41/napro and 90% for the sample A-

MCM-41/napro.  

 

Figure 9 

 

Comparison of NSAID uptake and release from MCM-41 and SBA-15 matrices 

In this part we compare the uptake and release of the naproxen from the mesoporous 

silica MCM-41 presented in this work and SBA-15 used in our previous study [22]. As it 

follows from our preceding study the adsorption capacity of naproxen in the sample SBA-

15/napro was 37.3 wt.% and in the amino modified sample 35.6 wt. %. The adsorbed amount 

of naproxen in SBA-15 was in both cases higher in comparison with the samples MCM-

41/napro (34.4 wt.%) and A-MCM-41/napro (29.3 wt.%). The higher amount of adsorbed 

naproxen for the silica SBA-15 is related to approximately twofold larger pores in SBA-15 

(71.3 Å) in comparison with MCM-41 (31.2 Å).  

On contrary, when we compare the released amount of naproxen from the MCM-41 and SBA-

15 silica, it is obvious that larger amount was released from the MCM-41 silica. The 

respective values of the drug release were 90.7 % in the case of mesoporous silica SBA-

15/napro, 80.9 % in the case of mesoporous silica A-SBA-15/napro, 95 % for MCM-41/napro 

and 90 % for A-MCM-41/napro. This can be due to lower degree of assembly and higher 

disorder of the naproxen molecules in the channels of MCM-41 in comparison to SBA-15. 

According to the study of Salomen et al., small pore size of mesoporous silica is an important 

factor in the stabilization of the drug. The small pores restrict the formation of an organized 

crystal structure inside them, and thus the loaded molecules are constrained to stay in the 

amorphous form and the phase transitions upon storage are prevented [34]. Qiu, F. et al. [35] 

explained similar observation by different mesoporous channel length. They suggest that the 
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molecules of the naproxen would take less time to diffuse from smaller mesoporous silica 

(MCM-41).  

Moreover the population of pore entrances on the external surface area of the 

mesoporous silica MCM-41 might be another reason of faster release [36]. The studied 

MCM-41 and SBA-15 samples have different external surface area (112 m2/g for the sample 

MCM-41 and 58.7 m2/g for the sample SBA-15). Since MCM-41 silica has larger external 

surface, lower wall thickness and lower pore size, more mesoporous entrances are supposed to 

be present on the external surface. This gives larger possibility of the fluid to penetrate inside 

channels, dissolve the drug release the naproxen into the solution. Therefore, the larger 

released amount of naproxen was determined for mesoporous silica MCM-41 with smaller 

pores in comparison with SBA-15 material. 

 

4. Conclusion 

The adsorption capacity and release properties of NSAID drug, naproxen incorporated 

into amino modified and unmodified hexagonal ordered mesoporous silica material MCM-41 

were studied. Our study shows that naproxen can be successfully incorporated into the pores 

of hexagonally ordered mesoporous silica material MCM-41, even if this material has smaller 

pore size in comparison with SBA-15. This incorporation was confirmed by elemental 

analysis, nitrogen adsorption/desorption measurements, small-angle X-ray scattering and FT-

IR spectra. According to thermogravimetric analysis a larger amount of the loaded naproxen 

was determined for unmodified sample in comparison with modified one. The released 

naproxen was studied with TLC chromatography with densitometric detection. The larger 

total amount of the released drug after 50 hours was observed from amine modified sample, 

which reflected larger amount of the naproxen immobilized on the external surface of the A-

MCM-41/napro sample.  
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Finally we compared the release profiles of naproxen from two types of mesoporous silicas 

MCM-41 and SBA-15. The larger released amount observed for MCM-41 material can be 

explained when considering the differences in wettability and number of pores on the external 

surface of both materials as well as the different structural ordering of the adsorbed naproxen 

molecules in the pores of MCM-41 and SBA-15.  
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Table 1 Textural properties of MCM-41 and the modified samples. 

Silica BET surface 

area (m2/g) 

External surface 

area (m2/g) 

Pore Volume  

(cm3/g) 

DV(d) 

diameter(Å) 

MCM-41 1090 112 0.72  31.2 

A-MCM-41 367 79 0.21 30.9 

MCM-41/napro 185 64 0.11 30.3 

A-MCM-41/napro 11 - - - 
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Figure Captions 

 

Figure 1 View of naproxen structure. 

Figure 2 SAXS patterns of the samples: MCM-41 (a), A-MCM-41 (b), MCM-41/napro (c), 

A-MCM-41/napro (d). 

Figure 3 SEM micrograph of MCM-41. 

Figure 4 HRTEM micrographs of the sample MCM-41. The view on the material along the 

hexagonal axis (a) and perpendicular to the hexagonal axis (b). 

Figure 5 Nitrogen adsorption-desorption isotherms of the samples: MCM-41 (a), A-MCM-41 

(b), MCM-41/napro (c), A-MCM-41/napro (d).  

Figure 6 TG curves of the samples MCM-41 (a), A- MCM-41 (b), MCM-41/napro (c), A-

MCM-41/napro (d). 

Figure 7 FT-IR spectra of studied samples MCM-41 (a), A-MCM-41 (b), MCM-41/napro (c), 

A-MCM-41/napro (d), napro (e). 

Figure 8 TLC chromatograms of naproxen standard (a), naproxen released from mesoporous 

silica MCM-41(b) and naproxen release from the matrix A-MCM-41/napro into the 

physiological solution (c). 

Figure 9 Cumulative release rates of the samples MCM-41/napro (a), A-MCM-41/napro (b). 
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