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ABSTRACT

In this work, the potential of the modified SBA-15 surface was examined as a sorbent to load the drug from an
aqueous solution; this was done using a post-synthesis function procedure. Several means were used to identify
the material characterization before and after functionalization, such as X-ray diffraction (XRD), scanning electron
microscopy (SEM), BET surface area, Fourier transform infrared (FTIR) spectroscopy and thermal gravimetric
analysis (TGA). To obtain the effect of different variables on the efficacy of chloramphenicol drug load, batch
adsorption experiments have been performed in a single adsorption system. These variables were the dosage of
NH»-SBA-15 (10-120) mg, contact time (0-72 h) and initial concentration (10-120 mg/L). The results of these
experiments showed the significant and active effect of the functional amino group in increasing the drug's load
capacity. The results of these experiments showed that the functional amino group had a significant and active
effect in increasing the drug's capacity. Also, the loading capacity is inversely proportional to the initial con-
centration, but directly proportional to the NH2-SBA-15 dose and contact time. The best results at 1 hour for the

release were 41%. It was found that the load efficiency of chloramphenicol was 51%.

1. Introduction

Currently, injection and oral administration are the most-used
methods of drug delivery for humans. But these ways have lower effi-
cacy for some therapies [1]. New delivery systems are desired because
some curative agents are poorly soluble or unstable. With some methods
of administration, drugs must go through different physiological gate-
ways before reaching the required site, consequently reducing the
amount that reaches the targeted location. Failure to adequately deliver
the proper dosage to the required site can result in lower drug efficiency
[2]. Lowering the drug concentrations to be transported by employing
nanostructure based on drug delivery vehicles with enhanced adsorption
capability and controlled drug release properties can improve the drug's
efficiency [3, 4, 5, 6, 7]. Consequently, mesoporous silica particles with
large pore diameters are considered the perfect nominees for delivering
high concentrations of different drugs by employing various templates to
enhance encapsulation of large drug molecules [8, 9, 10, 11]. Further-
more, silanol groups may also be used with various organic groups to
change surface properties that motivate suitable surface-drug reactions,
which results in enhanced loading capability for drug molecules [12, 13,
14]. Mesoporous silica is believed to be a good nominee to deliver and
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release drugs because of favorable features that may help decrease
adverse reactions and undesired side effects that many traditional drugs
pose. Since their detection in the early 1990s [15], mesoporous silicates
as MCM-41, MCM-48, and SBA-15 have attracted the attention of sci-
entists as drug delivery vehicles [16] because of features such as high
surface area (typically 1000 m?/g), high porosity (pore volumes 0.5-1.5
em®/g), well ordered, tunable pores (typically 2-15 nm pore diameter)
[17,18,19], and “non cytotoxic’” properties [20, 21]. Furthermore, drug
release rate is a problem that may be resolved by applying mesoporous
silica in drug delivery [22]. Studies appear to show that the loading and
releasing properties of a drug depend on the surface chemical nature,
specific surface area, size, pore structure, and morphology of mesoporous
silica particles [23, 24, 25, 26].

This work depicts chloramphenicol adsorption on SBA-15 function-
alized surface. Chloramphenicol is an antibiotic used to treat bacterial
infections. This includes as an eye ointment to treat conjunctivitis. It is
applied orally or by injection to cure plague, meningitis, typhoid fever,
and cholera [27]. The aim from this study is to investigate the influence
surface functionalization on the adsorption and release of
chloramphenicol.

In this work, a new method of producing effective adsorbents for
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chloramphenicol has been investigated using surface engineering modi-
fication to create highly exposed NH2 specific dispersible sites (3-ami-
nopropyltriethoxysilane; APTES). No adsorption studies of
Chloramphenicol antibiotic by Amino-functionalized SBA-15 in (HoN
(CH3)3Si (OCyHs)s3, were found in the literature. Hereon, it is described
how the surface characteristics of NH»-SBA-15 are critical to determine
the adsorption properties towards antibiotics.

2. Materials and methods
2.1. Chemicals

Pluronic “P123” tetraethylorthosilicate (TEOS, 98%), Hydrochloric
acid (HCD), distilled water (H20), toluene (CsHs-CHs), 3-aminopropyltrie-
thoxysilane (APTES), (HoN (CH2)3Si (OCoHs)3, 99%), potassium
hydrogen phosphate (KsHPO4, 99%), potassium dihydrogen phosphate
(KHoPOy4, 99%), chloramphenicol (99%), that from Sigma Aldrich pur-
chased. All chemicals were applied as obtained without additional
treatment.

2.2. Synthesis of SBA-15

SBA-15 was prepared by using a standard technique discovered by
Zhao et al. (1998) [28]: 6 g from the surfactant template P123 was dis-
solved in 45 g of distilled water. Then 180 g from 2M HCl was added to
the previous solution at 35 °C until the surfactant was dissolved
completely. Then 12.75 g of TEOS was gradually added to the surfactant
solution and mixed for 20 h at 35 °C. The precipitated solution was then
aged in sealed glass bottle for 24 h at 100 °C under static conditions. Then
the white precipitate, which was allowed to cool to room temperature,
was filtered, washed with distilled water, and then dried at standard
conditions of 25 °C for 12 h. A white powder, SBA-15, was obtained when
the surfactant was removed by calcinations for 6 h at 550 °C [29].

2.3. Surface functionalization

Amino-functionalized SBA-15 was synthesized by the method
explained by Burke et al. (2009) [30]. At first, 1 g of calcined SBA-15 was
dried for 3 hr at 100 °C. Then it was stirred under reflux with 40 ml of
toluene and 10 ml of 3-aminopropyltriethoxysilane (APTES) for
approximately 6 h. The suspension was then cooled, filtered, washed
with toluene, and dried at 60 °C, resulting in the white powder
amino-SBA-15.

2.4. Characterization

The X-ray diffractogram was used to find the crystalline structure, to
identify crystalline phases and orientation, and to determine structural
properties of the pure and functionalized SBA-15 with 20 in the range 0°
to 10° with scan rate 2 (deg./min.). The CuKa A = 1541A was the source
of X-ray radiation. The XRD test was done by X-Ray diffractometer (XRD-
6000, Shimadzu, Japan). The SEM is a powerful method for analyzing the
morphology and structure of the synthesized SBA-15 after and before
functionalization. This was done by using a scanning electron microscope
(SEM) (AIS2300C, South Korea). The total pore volume and specific
surface area for SBA-15 before and after functionalization were obtained
by using nitrogen adsorption isotherms (Brunauer, Emmett, and Teller
method) on a surface area analyzer (Qsurf 9600, USA). The thermal
gravimetric analysis (TGA) is an experimental method of thermal anal-
ysis which is used to find the incorporation of functional groups for
functionalized SBA-15 and also to obtain information concerning thermal
stability. The samples were heated under ambient pressure from room
temperature to 650 °C with a rate of 10 °C/min. and analyzed by using
the thermos gravimetric analyzer TG-DSC (STA PT1000, USA). The FT-IR
instrument was used to analyze the functional groups grafted onto the
SBA-15 and chemical bonds.
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2.5. Chloramphenicol loading

Using 20 mg/1 of chloramphenicol, a solution of chloramphenicol was
manufactured. Then 50 mL of drug solution was mixed with 60 mg of
NH2-SBA-15 and stirred for 72 h at room temperature. Using a UV
analyzer, the loading of chloramphenicol was examined. The change in
concentration was measured at different time intervals: (4, 8, 12, 24, and
48), and 72 h. And then solution was mixed with 60 mg of SBA-15 at
room temperature, stirred for 24 h contact time. At different concentra-
tion ranges from 10-120 mg/l, the change in concentration was
measured. Then SBA-15 was mixed with 20 mg/1 of chloramphenicol
concentration for 24 hr. To calculate the amount of chloramphenicol
loaded, the absorbance values that obtained at 304 nm were used. Ac-
cording to Eq. (1) the loading percentage was calculated [31]:

Weight of loaded drug

% Loading =
¢ LOAdNE =y ioht of NH2 — SBA — 15

x 100 (@]

2.6. Chloramphenicol release

Using UV analysis the release of chloramphenicol was determined.
This experiment can be explained as follows: using two different phos-
phate salts (K2HPO4 and KH2PO4) the phosphate buffer solution was
prepared. To obtain the PH desired, the pH was set to 7.4 for the prepared
solution in order. After that, 500 mL of PBS solution at body temperature
was mixed with 200 mg of NH2-SBA-15 loaded with 124.08 mg/1 of
chloramphenicol. Within (6 h) By Eq. (2), the amount of the drug
released from the NH2-SBA-15 molecules was determined according to
change the concentration of the drug.

This experiment can be explained as follows: First, the phosphate
buffer solution was prepared using two different phosphate salts
(KoHPO4 and KH3PO4). The pH was set to 7.4 for the prepared solution in
order to obtain the PH desired. After that, 200 mg of NH>-SBA-15 loaded
with 124.08 mg/1 of chloramphenicol was mixed with 500 mL of PBS
solution at body temperature. The amount of the drug released from the
NH,-SBA-15 molecules was determined by Eq. (2) within 6 h, according
to change the concentration of the drug.

Weight of drug in solution

% Release =
o e =y ieht of drug in NH2 — SBA — 15

100 2

3. Results and discussion
3.1. Adsorbent characterization

3.1.1. XRD analysis

The XRD patterns for SBA-15 and NH,-SBA-15 is shown in Fig. 1.
Both mesoporous materials exhibit a single high-intensity peak (100) at
20 value of 0.96°, followed by two additional smaller peaks, at (110) and
(200), at 26 lower than 2°, which confirms the formation of a hexagonal
lattice of pobmm symmetry. Consequently, grafting the internal channels
of mesoporous SBA-15 with the amino group did not affect the whole
assembly of the ordered mesoporous silica. The XRD peak intensities of
NH,-SBA-15 were basically minimal compared to SBA-15, which is
possibly due to the fixing ligands on the outer surface of SBA-15 or the
pore-filling effect of SBA-15 channels [32].

3.1.2. FT-IR analysis

The IR bands are related to silanol groups on the surface stretching
vibrational mode, and they appear in the range 3740-3500 cm ™, as
shown in Fig. 2. Furthermore, the NH bands are ordinarily existent at
3380-3310 cm ™!, and because analysis isn't able to recognize those
bands, the asymmetric NH; bending becomes crucial to determining if an
amine-group exists or not. Consequently, the band at around 1600 cm ™!,
which consists of two different peaks, may be attributed to asymmetric
NH; bending, which means that an amine-group is existent, as predicted.
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Fig. 1. XRD patterns for SBA-15 and NH;-SBA-15.
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The band is attributed to Si-O-Si asymmetric stretching vibration at
around 1100 cm-1, while the peak at around 800 cm ! exists because of
symmetric stretching vibration. In addition, the pure and functionalized
samples own smaller peaks at around 400 cm ™, which may be attributed
to the distortion modes of Si—-O-Si. Also, the band at around 950 cm ™!
may be caused by the Si-OH bending [33].

3.1.3. SEM analysis

The morphologies of SBA-15 and NH,-SBA-15 are shown in Fig. 3.
According to SEM images, the particles were observed to be small rods
for both samples, which mean the samples maintained their structural
properties [34].

3.1.4. TGA analysis

The weight loss of thermal gravimetric analysis is plotted in Fig. 4 for
the samples of SBA-15 and NH-SBA-15, which were heated from room
temperature to 650 °C, at a rate of 10 °C/min. The thermal gravimetric
curve showed at 643 °C that for pure SBA-15, the mass losses were 3%,
which can be considered a negligible value due to the very small rate of
mass loss at this temperature. The calcined SBA-15 indicates complete
removal of the surfactant during the calcinations process, and it proves
the thermal stability of SBA-15. This process was done at a temperature
lower than the one required reaching the melting point of silica, and for
NH,-SBA-15, there is a weight loss in the temperature range of 200-300
°C was due to the decomposition of organic moiety as a result of amino
functional group loading on the surface of SBA-15 and the total weight
losses was 18% at 642 °C [33].

3.1.5. BET surface area analysis

The prepared SBA-15 had a BET surface area of 675 m?/g and pore
volume of 0.7908 cm>/g, and for functionalized SBA-15, the BET surface
area is 169 m?/g and pore volume of 0.028 cm®/g. These variables agree
with those in the literature [35]. Large BET surface area for the hexag-
onal channels was seen in the SBA-15 samples. The existence of func-
tional groups at the mesoporous matrix surface promotes drug
adsorption. The results show that there is a decrease in pore volume and
surface area after functionalization. This confirms that the functional
group is located not only on the outer surface but also inside the meso-
porous channels [36].

3.2. Chloramphenicol loading

3.2.1. Effect of contact time
The relationship between the load capacity of chloramphenicol and
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contact time is shown in Fig. 5. This figure indicates that the time
required to reach equilibrium absorption is directly proportional to the
loading capacity. The experiments showed that in the first few hours,
from O to 4 h there was a quick increase of chloramphenicol capacity of
load due to the larg amount of mesoporous particle surface area that was
ready for loading. Then, from 4 to 24 h chloramphenicol drug loading
lessened with time, and this was due to the decreasing availability of
mesoporous particle surface area for loading. However, the curve of drug
loading capacity became almost horizontal after 24 h, which indicates
that the surfaces of mesoporous particles were filled, (saturated) or, in
other words, had reached the equilibrium adsorption. The best loading
time was the first 24 h. Loading was done up from 24 to 72 h. It is clear
that 2% more than that done in the first 24 h, as shown in Fig. 5 [37].

3.2.2. Effect of initial concentration

The effect of initial concentration was investigated on adsorption
conduct for chloramphenicol. The relationship between these two vari-
ables is shown in Fig. 6.

When the active site of the adsorbent is able to adsorb 51% of the
analytic when its concentration is up to 20 mg/] was reached a state of
equilibrium, the curve became almost horizontal because no more sites of
adsorption were available to be filled by the drug. Then, the relationship
between the concentration and load capacity for chloramphenicol was
inversely proportional: as long as the adsorption reached its limit, the
load capacity decreased proportionally with increasing the concentration
drug, or “fill out the number of active sites.” Then, The best concentration
and maximum load capacity of chloramphenicol was 20 mg/1 and 51%
respectively [38].

3.2.3. Effect of dose

The effect of NH2-SBA-15 dosage was investigated for chloramphen-
icol, and the results are shown in Fig. 7. After studying chloramphenicol
drug concentration effect and the contact time, the study of NH2-SBA-15
dosage effect was done, according to the experimental work and after
obtaining the best values. The best concentration was assumed: 20 mg/1.
The best value was also used as constant for contact times: 24 h. The re-
sults show that the drug load capacity increased proportionally with the
dosage of NH2-SBA-15 until it reached equilibrium adsorption, and then
the curve became horizontal. The best dosage value can be taken at the
initiation of this change: 40 mg. Increasing the load capacity of the drug is
proportionally associated with an increase in the adsorbent dose because
the increase in the adsorbent dose means that more mesoporous molecules
are available in the solution and more surface areas are available for
loading, resulting in more drug being loaded [39].
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Fig. 4. Thermal gravimetric analysis for SBA-15 and NH,-SBA-15.
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Fig. 8. The chloramphenicol release profile of NH,-SBA-15 sample.

3.3. Chloramphenicol release

With the 3 amino propyl groups, it was established that the surface of
SBA-15 becomes hydrophilic. Consequently, the reaction between mes-
oporous silica and the drug causes variation in terms of the release rate
and loading capacity, as shown in Fig. 8. The release of drugs may be
controlled by delivery with NH,-SBA-15. The maximum release is within
30 minutes and at 41%, which can continue for the next 6 h. This could
have been because of the driving force effect (concentration variance),
where the drug was transferred from a higher concentration "from
adsorbent" to a lower concentration of PBS 'phosphate buffer solution",
and the release (desorption) increased over time until reaching equilib-
rium at 1 h. Therefore, NH,-SBA-15 is a promising nominee for drug
loading and control of release [40].

3.4. Kinetic model of drug release

The Weibull models, Korsmeyer-Peppas and non-Fickian, were care-
fully applied to examine the kinetic release process [41]. The non-Fickian
model followed the diffusional release process in Eq. (3) under the con-
dition (n > 1). When this equation was applied, the value of (n) was less

than one, which doesn't comply with the boundary conditions.
Y = at" 3)

where: Y is the absolute cumulative percentage amount of drug released
and a is a constant reflecting the design variables of the system.

The Korsmeyer-Peppas model format was used to check the drug's
release in the following equation under the condition that Mt/Moo must
be less than 0.6. When applied this equation, the value of (Mt/Moo) was
more than (0.6), which doesn't comply with the boundary conditions.

Mt/Meo = kt" (€]

Where: Mt and Moo describe the amount of the drug released after
time t and the initial amount of the drug in the carrier, respectively, Mt/
Mo is a fractional release of drug, k is a constant incorporating structural
and geometric characteristic of drug formulation, n is the release expo-
nent, and t represents duration time of release.

By the Weibull model in the following equation, the cumulative
release percentage from the drug may be checked. Where R?, the (coef-
ficient of determination), must be equal to or higher than (0.96).

314

1.313 -
1.312 A
1.311 A

1.31 -

In[In(i/(1-f))]

y =0.0025x + 1.3087
R?=0.9981

0.5 1 15 2

In(t)

Fig. 9. The Release kinetic model of chloramphenicol drug delivery system.
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Lnlnl/ (1 —f)] =mint — Into 5)

The value of R? was more than (0.96) so this equation was applied,
which corresponds to the boundary conditions, so it was effectively used
to emulate the release of the drug as detailed below. The cumulative
quantity of the drug released is f. The Weibull shape parameter is m,
which shows the effect of non-released drug mass on the release rate,
which is (0.0025), and (In t,) be the intercept, which is 1.3875. Also, t is
the release, or dissolution, time. Ln [In 1/(1 — f)] is proportional to In t,
and plotting (In t) versus In [In 1/(1 — f)] leads to a line of slope (m). In
our particular case are shown in Fig. 9, the curves fitted to the experi-
mental points by Eq. (5). A good fit of data to the modulus was achieved
with a determination coefficient R? of 0.9981.

4. Conclusion

The synthesis of mesoporous silica NH5-SBA-15 was obtained by a
controlled post-grafting method. Characterization techniques such as
XRD, SEM, BET surface, FTIR, and TGA proved the successful preparation
of pure mesoporous material SBA-15 and modified surface of NHy-SBA-
15. The post-grafting process allowed the manufacture of functional
mesoporous NHy-SBA-15 for drug delivery, which displayed appropriate
loading capacity to enhance the drug's therapeutic efficacy. The results of
the best load capacity were 51%, and the results for release experiments
were an optimum time of half an hour and with the value of 41.35%.

The diffusion equation was compared with the results of drug release
with Weibull models, Korsmeyer-Peppas and non-Fickian, but the results
didn't comply with the boundary conditions—except for that of the
Weibull model. Our technology should result slow release rate for the
chloramphenicol drug molecules and in high loading capacity, As well
making mesoporous SBA-15 a promising carrier for a drug delivery sys-
tem. We believe that the results of our study may also lead to a wide
range of future drug delivery implementations.

Declarations
Author contribution statement

Haneen F. Alazzawi: Conceived and designed the experiments; Per-
formed the experiments.

Issam K. Salih: Analyzed and interpreted the data.

Talib M. Albayati: Contributed reagents, materials, analysis tools or
data; Wrote the paper.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Competing interest statement

The authors declare no conflict of interest.
Additional information

No additional information is available for this paper.
Acknowledgements

I thank the Department of Chemical Engineering, University of
Technology, Baghdad, Iraq, for their scientific help.

References

[1] G. Wang, A.N. Otuonye, E.A. Blair, K. Denton, Z. Tao, T. Asefa, Functionalized
mesoporous materials for adsorption and release of different drug molecules: a
comparative study, J. Solid State Chem. 182 (2009) 1649-1660.

[2]

[3

[4]

[5]

[6]

[7]

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Heliyon 5 (2019) e02539

M. De, P.S. Ghosh, V.M. Rotello, Applications of nanoparticles in biology, Adv.
Mater. 20 (2008) 4225-4241.

P. Kolhe, E. Misra, R.M. Kannan, S. Kannan, M. Lieh-Lai, Drug complexation, in
vitro release and cellular entry of dendrimers and hyperbranched polymers, Int. J.
Pharm. 259 (2003) 143-160.

D. Zhao, J. Feng, Q. Huo, N. Melosh, G.H. Fredrickson, B.F. Chmelka, G.D. Stucky,
Triblock copolymer syntheses of mesoporous silica with periodic 50 to 300
angstrom pores, Science 279 (1998) 548-552.

C.T. Kresge, M.E. Leonowicz, W.J. Roth, J.C. Vartuli, J.S. Beck, Ordered mesoporous
molecular sieves synthesized by a liquid-crystal template mechanism, Nature 359
(1992) 710-712.

T. Yanagisawa, T. Shimizu, K. Kuroda, C. Kato, The preparation of
alkyltrimethylammonium-kanemite complexes and their conversion to microporous
materials 63 (1990) 988-992.

Y. Han, D. Li, L. Zhao, J. Song, X. Yang, N. Li, Y. Di, C. Li, S. Wu, X. Xu, High-
temperature generalized synthesis of stable ordered mesoporous silica-based
materials by using fluorocarbon-hydrocarbon surfactant mixtures, Angew. Chem.
Int. Ed. 42 (2003) 3633-3637.

Y. Liu, W. Zhang, T.J. Pinnavaia, Steam-Stable MSU-S alumino silicate
mesostructures assembled from zeolite ZSM-5 and zeolite beta seeds, Angew. Chem.
Int. Ed. 40 (2001) 1255-1258.

Y. Han, F.-S. Xiao, S. Wu, A novel method for incorporation of heteroatoms into the
framework of ordered mesoporous silica materials synthesized in strong acidic
media, J. Phys. Chem. B 105 (2001) 7963-7966.

Y. Liu, W. Zhang, T.J. Pinnavaia, Steam-Stable Aluminosilicate mesostructures
assembled from zeolite type Y seeds, J. Am. Chem. Soc. 122 (2000) 8791-8792.
LI Slowing, B.G. Trewyn, S. Giri, V.S.-Y. Lin, Mesoporous silica nanoparticles for
drug delivery and biosensing applications, Adv. Funct. Mater. 17 (2007)
1225-1236.

Q. Zhang, K.G. Neoh, L. Xu, S. Lu, E.T. Kang, R. Mahendran, E. Chiong,
Functionalized mesoporous silica nanoparticles with mucoadhesive and sustained
drug release properties for potential bladder cancer therapy, Langmuir 30 (2014)
6151-6161.

A. Popat, S.B. Hartono, F. Stahr, J. Liu, S.Z. Qiao, G. Lu, Mesoporous Silica
Nanoparticles for bioadsorption, Enzyme immobilization delivery carriers,
Nanoscale 3 (7) (2013) 2801-2818.

Q. Yang, S. Wang, P. Fan, L. Wang, Y. Di, K. Lin, F.-S. Xiao, pH-responsive carrier
system based on carboxylic acid modified mesoporous silica and polyelectrolyte for
drug delivery, Chem. Mater. 17 (2005) 5999-6003.

S. Inagaki, Y. Fukushima, K. Kuroda, Synthesis of highly ordered mesoporous
materials from a layered polysilicate, J. Chem. Soc., Chem. Commun. (1993)
680-682.

S.P. Rigby, M. Fairhead, C.F. van der Walle, Engineering silica particles as oral drug
delivery vehicles, Curr. Pharmaceut. Des. 14 (2008) 1821-1831.

Z.G. Feng, Y.S. Li, D.C. Niu, L. Li, W. Zhao, H. Chen, L. Li, J. Gao, M. Ruan, J. Shi,
A facile route to hallow nanosphere of mesoporous silica with tunable size, Chem.
Commun. 23 (2008) 2629-2631.

T.M. Albayati, A.M. Doyle, Purification of aniline and nitrossubistituted aniline
contaminants from aqueous solution using beta zeolite, Chem. Bulg. J. Sci. Educ. 23
(2014) 105-114.

R. Mellaerts, J.A.G. Jammaer, M. Van Speybroeck, H. Chen, J. Van Humbeeck,

P. Augustijns, G. Van den Mooter, J.A. Martens, Physical state of poorly water
soluble therapeutic molecules loaded into SBA-15 ordered mesoporous silica
carriers: a case study with itraconazole and ibuprofen, Langmuir 24 (2008)
8651-8659.

S.P. Hudson, R.F. Padera, R. Langer, D.S. Kohane, The biocompatibility of
mesoporous silicates, Biomaterials 29 (2008) 4045-4055.

J.M. Rosenholm, A. Meinander, E. Peuhu, R. Niemi, J.E. Eriksson, C. Sahlgren,

M. Lindén, Targeting of porous hybrid silica nanoparticles to cancer cells, ACS Nano
3 (1) (2009) 197-206.

C.A. Hunter, The role of aromatic interactions in molecular recognition, Chem. Soc.
Rev. (1994) 101-109.

A. Nieto, M. Colilla, F. Balas, M. Vallet-Regi, Surfaceelectrochemistry of mesoporous
silicas as a key factor in thedesign of tailored delivery devices, Langmuir 26 (7)
(2010) 5038-5049.

M. Vallet-Regi, Nanostructured mesoporous silica matricesin nanomedicine,

J. Intern. Med. 267 (2010) 22-43.

S.C. Shen, W.K. Ng, L. Chia, J. Hu, R.B. Tan, 2011. Physical stateand dissolution of
ibuprofen formulated by co-spray dryingwith mesoporous silica: effect of pore and
particle size, Int. J.Pharm. 410 (2011) 188-195.

M. Gary-Bobo, O. Hocine, D. Brevet, M. Maynadier, L. Raehm, S. Richeter,

V. Charasson, B. Loock, A. Morere, P. Maillard, M. Garcia, J.O. Durand, Cancer
therapy improvementwith mesoporous silica nanoparticles combining
targeting,drug delivery and PDT, Int. J. Pharm. 423 (2012) 509-515.

Keith H. Edwards, Optometry: Science, Techniques and Clinical Management,
Elsevier Health Sci. (2009) 102.

D. Zhao, Q. Huo, J. Feng, B.F. Chmelka, G.D. Stucky, Nonionic triblock and star
diblock copolymer and oligomeric surfactant syntheses of highly ordered,
hydrothermally stable, mesoporous silica structures, J. Am. Chem. Soc. 120 (1998)
6024-6036.

E. Ahmadi, N. Dehghannejad, S. Hashemikia, M. Ghasemnejad, H. Tabebordbar,
Synthesis and surface modification of mesoporous silica nanoparticles and its
application as carriers for sustained drug delivery, Drug Deliv. 21 (2014) 164-172.
A. Burke, J. Hanrahan, D. Healy, J. Sodeau, J. Holmes, M. Morris, Large pore bi-
functionalized mesoporous silica for metal ion pollution treatment, J. Hazard
Mater. 164 (2009) 229-234.


http://refhub.elsevier.com/S2405-8440(19)36199-7/sref1
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref1
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref1
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref1
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref2
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref2
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref2
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref3
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref3
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref3
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref3
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref4
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref4
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref4
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref4
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref5
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref5
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref5
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref5
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref6
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref6
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref6
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref6
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref7
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref7
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref7
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref7
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref7
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref8
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref8
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref8
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref8
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref9
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref9
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref9
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref9
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref10
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref10
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref10
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref11
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref11
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref11
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref11
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref12
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref12
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref12
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref12
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref12
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref13
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref13
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref13
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref13
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref14
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref14
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref14
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref14
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref15
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref15
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref15
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref15
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref16
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref16
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref16
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref17
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref17
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref17
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref17
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref18
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref18
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref18
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref18
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref19
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref19
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref19
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref19
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref19
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref19
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref20
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref20
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref20
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref21
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref21
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref21
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref21
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref21
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref22
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref22
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref22
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref23
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref23
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref23
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref23
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref24
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref24
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref24
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref25
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref25
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref25
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref25
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref26
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref26
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref26
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref26
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref26
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref27
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref27
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref28
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref28
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref28
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref28
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref28
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref29
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref29
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref29
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref29
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref30
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref30
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref30
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref30

T.M.

[31]

[32]

[33]

[34]

[35]

[36]

Albayati et al.

Y. Lang, D.P. Finn, A. Pandit, P.J. Walsh, Pharmacological activity of ibuprofen
released from mesoporous silica, J. Mater. Sci. Mater. Med. 23 (2012) 73-80.
T.M. Albayati, A.M. Doyle, SBA-15 supported bimetallic catalysts for enhancement
isomers production during n-heptane decomposition, Int. J. Chem. React. Eng. 12
(1) (2014) 345-354.

T.M. Albayati, S.E. Wilkinson, A.A. Garforth, A.M. Doyle, Heterogeneous alkane
reactions over nanoporous catalysts, Transp. Porous Media 104 (2014) 315-333.
T.M. Albayati, A.A. Sabri, D.B. Abed, Adsorption of binary and multi heavy metals
ions from aqueous solution by amine functionalized SBA-15 mesoporous adsorbent
in a batch system, Desalin. Water Treat. 151 (2019) 315-321.

T.M. Albayati, A.M. Doyle, Encapsulated heterogeneous base catalysts onto SBA-15
nanoporous material as highly active catalysts in the transesterification of
sunflower oil to biodiesel, J. Nanoparticle Res. 17 (2015) 109.

T.M. Albayati, Application of nanoporous material MCM-41 in a membrane
adsorption reactor (MAR) as a hybrid process for removal of methyl orange,
Desalin. Water Treat. 151 (2019) 138-144.

[37]

[38]

[39]

[40]

[41]

Heliyon 5 (2019) e02539

M. Vallet-Regi, J.C. Doadrio, A.L. Doadrio, 1. Izquierdo-Barba, J. Pérez- Pariente,
Hexagonal ordered mesoporous material as a matrix for the controlled release of
amoxicillin, Solid State Ion. 172 (2014) 435-439.

G. Teodora Tihan, C. Ungureanu, R. Constantin Barbaresso, R. Gabriela Zgarian,
1. Rau, A. Meghea, M. Georgiana Albu, M. Violeta Ghica, Chloramphenicol collagen
sponges for local drug delivery in dentistry, Compt. Rendus Chem. 18 (2015)
986-992.

F. Sevimli, A. Yilmaz, Surface functionalization of SBA-15 particles for amoxicillin
delivery, Microporous Mesoporous Mater. 158 (2012) 281-291.

Zohreh Bahrami, Alireza Badieia, Fatemeh Atyabi, Surface functionalization of SBA-
15 nanorods foranticancer drug delivery, Chem. Eng. Res. Des. 92 (2014)
1296-1303.

T.M. Albayati, A.A. Jassam, Synthesis and characterization of mesoporous materials
as a carrier and release of prednisolone in drug delivery system, J. Drug Deliv. Sci.
Technol. 53 (2019) 101176.


http://refhub.elsevier.com/S2405-8440(19)36199-7/sref31
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref31
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref31
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref32
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref32
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref32
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref32
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref33
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref33
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref33
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref34
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref34
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref34
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref34
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref35
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref35
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref35
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref36
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref36
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref36
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref36
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref37
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref37
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref37
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref37
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref37
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref38
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref38
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref38
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref38
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref38
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref38
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref39
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref39
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref39
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref40
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref40
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref40
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref40
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref41
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref41
http://refhub.elsevier.com/S2405-8440(19)36199-7/sref41

	Synthesis and characterization of a modified surface of SBA-15 mesoporous silica for a chloramphenicol drug delivery system
	1. Introduction
	2. Materials and methods
	2.1. Chemicals
	2.2. Synthesis of SBA-15
	2.3. Surface functionalization
	2.4. Characterization
	2.5. Chloramphenicol loading
	2.6. Chloramphenicol release

	3. Results and discussion
	3.1. Adsorbent characterization
	3.1.1. XRD analysis
	3.1.2. FT-IR analysis
	3.1.3. SEM analysis
	3.1.4. TGA analysis
	3.1.5. BET surface area analysis

	3.2. Chloramphenicol loading
	3.2.1. Effect of contact time
	3.2.2. Effect of initial concentration
	3.2.3. Effect of dose

	3.3. Chloramphenicol release
	3.4. Kinetic model of drug release

	4. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	Acknowledgements
	References


