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Objectives - This paper aims to study the factors affecting the adsorption of small and large antioxidant molecules such as 
ascorbic acid, gallic acid and coenzyme Q10 on different structured mesoporous nanoparticlein order toachieve high 
antioxidant adsorption and developing an effective delivery system. 
 
 
I. BACKGROUND 
 
Vitamin C (L-ascorbic acid) is a water-soluble 
vitamin which cannot be synthesis neither stored in 
human body. Thus, can only be supplemented mainly 
from diet. However, in some conditions of decreased 
vitamin C levelssuch as in smoking and malnutrition, 
daily intake will not properly maintain optimum 
biological functions and antioxidation effect. 
 
Vitamin C is an essential co-factor in maintaining 
enzymes involved in the synthesis of collagen, 
carnitine and neurotransmitters. Vitamin Cis also 
necessary for maximal activity ofsome hormones, 
transformation of cholesterol to bile acidsas well as 
for bioavailability and absorption of iron. In addition 
to its role as a potent antioxidant, vitamin C has the 
capability to acts as a co-antioxidant in there 
generation of other antioxidants.(Naidu, 2003) 
 

 
Chemical structure of L-ascorbic acid. 

 
Coenzyme Q10 (CoQ10)is an essential component of 
the of the oxidative phosphorylation process that 
results in ATP needed for cellular biosynthesis. One 
of its well-established functions is contributing as a 
primary regenerating antioxidant. High concentration 
of quinol (reduced form of CoQ10) in the cell 
membranes will maintains proper antioxidation either 
by direct reaction with free radicals or by enhancing 
the regeneration of to copherol and ascorbate which 
turn will eliminate radicals. Factors such as genetic 
mutation, ageing, cancer and statin type drugs can be 
responsible for the significant decreased level of 

CoQ10 in peripheral blood thus in tissues. As the 
CoQ10 mainly obtained from diet, in such significant 
reductionsit will not be compensated by normal diet. 
(Crane, 2001) 
 

 
Chemical structure of Coenzyme Q10 (CoQ10). 

 
The chemical structure of Coenzyme Q10 consist of 
10 isoprene units(5 carbons each) forming a 
polyisoprene chain. It is clear that CoQ10 have a 
relatively larger structure compared to Vitamin C. 
Both Vitamin Cand Coenzyme Q10 should be 
regularly supplemented from outside -either from diet 
or pharmacologically- to maintains normal levels in 
the body. Therefore, normal biological and 
antioxidation functions. 
Mesoporous silica nanoparticles (MSNs) have been 
well recognized as drug delivery carrier due to its 
attractive characteristics such as the adjustable 
morphological and structural properties that offers a 
high surface areas and pore volume. This gave MSNs 
a high loading capacity of various sizes of chemical 
structures as well as a controlled release of loaded 
materials. Another factor that contributed in MSNs 
popularity as drug delivery system is its surface 
functionalization ability which gave it a desirable 
biocompatibility effect.(Rosenholm et al., 2012) 
 
II. METHOD 
 
The commercial based silica was purchased from 
CARiACT, while foam type of silica was obtained 
from Sigma. 
 
SBA-16: The preparation involves utilization of non-
ionic template F127 in acidic condition (35wt% HCl) 
using nBuOH as cosolvent. The addition of TEOS 
with vigorous stirring yield milky solution, which 
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was hydrothermally treated, cooled, filtered, washed, 
dried and calcined. 
Si-MCM-41: Synthesis involves addition of 
appropriate amount of sodium metasilicate, 
mesotemplate CTAB in distilled water followed by 
vigorous stirring and hydrothermal aging at 140 C. 
Removal of template yield pure silica form of 
SiMCM-41. 
Ultralarge pore FDU-12 (ULPFDU-12): The 
preparation involves addition of F127 and KCl in 
acidic condition followed by vigorous stirring and 
mixed xylenes addition. After allowed to stir for one 
day, silica source TEOS was added and 
hydrothermally treated and then filtered, washed, 
dried and calcined. 
Si-KIT-6: Preparation involves addition of pluronic 
based template in acidic condition in presence of 
cosolventnbutanol and TEOS, which was then 
hydrothermally aged for 100 C. The filtered, dried 
material was then calcined at 550 C for 6 h. 
 
III. RESULTS 
 

 

 
Figure 1. Nitrogen adsorption isotherms of different structured 

silicas. 

 
Figure 2. Effect of various nanosupport on the adsorption of 

ascorbic acid (100 ppm) for 24 hrs. at RT. 
 
Figure 1 shows the nitrogen adsorption isotherm for 
nanosupports. The samples showed respective 
hysteresis loop characteristics of mesoporous and 
variable pore size distributions. The effect of various 
MSNs support on the adsorption of ascorbic acid at 
concentration of 100 ppm was studied and are shown 
in Figure 2. Among the different 
structuredmaterials,hexagonal MCM-41 (S41) had 
the highest adsorption (94.59 %), followed closely by 
cubic shaped mesostructure ULPFDU-12 (90.98 %), 
one dimensional spherical silica Q10 (87.89%), 
cellular foam AIMSU-F (84.02 %), three dimensional 
cubic SiK6 (80.67 %) and cubic S16 (80.41 %) in 
ranked order. Silicalitewith micropore character 
exhibit a significant reduced adsorption (45.10 %) in 
comparison to the previously mentioned supports, 
followedby cellular foam type silica SiMSU-F (40.98 
%). Aluminium containing hierarchical zeolite ZM80 
resulted in 19.59 % which count for the lowest 
adsorption capacity. 
However, aluminum introduced into the frameowork 
of cellular foam yielding a higher amount of ascorbic 
acid adsorption, which indicates the positive 
influence of aluminium inside the three dimensional 
foam type of shaped aluminum silica AIMSU-F in 
comparison to the silica type of cellular foam support. 
In particular, the adsorption of 40.98% over SiMSU-
F increased to 84.02% over aluminum containing 
cellular foam indicating over 100% increase than 
siliceous foam.  (Figure 4). The adsorption of 
ascorbic acid over SiMSU-F was recorded and 
determined over different time on stream (Figure 5). 
The results shows that, adsorption increased 
significantly over time, reaching a highest amount of 
adsorbed AC (93.04 %) with 67 h. In comparison to 
the original (24 hours measurement) and the 
Aluminum containing supports, the adsorption 
increased by 127 % and 10%, respectively. These 
results suggest that adsorption influence over the time 
are depends on the structural features of structured 
silica and is an important factor which can lead to an 
increased AC adsorption. 
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Figure 4. Influence of aluminum on AC adsorption. 

 

 
Figure 5. Adsorption of AC (100 ppm) over different time on 

stream. 

CONCLUSION 
 
The study shows the preparation of different shaped 
mesoporous silica and structural characterization 
using different physico-chemical techniques. 
Siliceous form of hexagonal MCM-41 showed 
highest ascorbic adsorption followed by three-
dimensional ULPFDU-12 and spherical silica Q10, 
while aluminum containing hierarchical zeolite 
showed lowest adsorption. The study further showed 
that adsorption of ascorbic over cellular foam can be 
tune to improve with aluminum insertion and time on 
stream optimization study. 
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