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Introduction and Background

Mesoporous silica materials that have been fabricated in many forms like powders, monoliths, and films
have attracted considerable attentions in the last two decades. Due to their uniform pores ranging from a few
fo tens nm and stability in organic and inorganic solution phases, they have been considered as candidates for
many promising future applications such as size-exclusive separation, enzymatic nanoreactors, catalysis, sen-
sors, and nanofluidic devices. In our group a new method to fabricate silica nanochannels within the pores of
anodic alumina membrane (AAM) has been developed using surfactant templated method.1 In this work,
diffusivities of different charged metal complexes inside the 1D silica-surfactant (SS) nanochannels incorpo-
rated alumina membrane (NAM) fabricated using cetyltrimethylammonium bromide (CTAB) as a template was
studied. Moreover, different Brij type template surfactants with different alkyl and/or ethylene oxide (EO)
groups have been used to fabricate 3D silica nanochannels inside the 1D nanopores of AAM. Characterization
of the mesoporosity, geometry and morphology of the fabricated nanochannels carried out using different tools
like N2-isotherm, SEM, TEM, and many others. Grafting of the inner walls of the silica nanochannels using
hydrophobic trimethylcholorosilane (TMS) carried out to increase the hydrophobicty inside the nanochannels
and give better stability to silica nanochannels against organic phases. Size-exclusive separation of silver
nanoparticles (AgNPs) carried out using TMS-modified silica nanochannels to control size, crystallinity, and
monodispersity of the AgNPs.

-

Fabrication and Characterization of Silica Nanchannels using Brij Template Surfactants

For the preparation of silica nanochannles inside the pores of AAM, a precursor solution composed of Brij

surfactant, ethanol, tetraethylorthosilicate (TEOS), and HC! was mixed under hydrothermal condensation



reaction for 150 min. at 30 °C. The AAM was set in an ordinary filtration system, and the precursor solution
was introduced to its pores under moderate aspiration. The membrane was allowed to dry and then calcined
under air at 600 °C for 2 hours to remove the template surfactant. The mesoporosity, geometry, and morphol-
ogy of the fabricated silica nanochannels were characterized using N2-isotherm, SEM, and TEM. All N2 iso-
therm results show type IV isotherm with H2 hysteresis which indicates the formation of mesoporous silica
materials with tunable pore diameters varied from 3.7 to 5.1 nm. The pore diameter was found to be depend-
ent of the length of the alkyl group (core region) as well as the EO group (corona region) of the template
surfactant. All BET surface areas are within the same range except the BET surface area f the Brij30-based
hybrid membrane has the lowest BET surface area. This refers to the presence of small number of EO group
which participating mainly in the formation of the silica wall at the expense of the pore diameter leading to
small BET surface area.

SEM images show the morphology of the fabricated silica nanochannels which indicated the fabrication of
columnar and tubular silica nanorods within the 1D pore of AAM. On the other hand TEM images were re-
corded to check the geometry of the fabricated mesostructures. TEM patterns indicated the successful fabrica-

tion of long range, uniform, and well ordered 3D silica nanochannels within the 1D pore of AAM.

Diffusivities of Metal Complexes inside 1D Silica-Surfactant Nanochannels Hybrid Membrane CTAB was
used as a template surfactant to fabricate 1D silica-surfactant (SS) nanochannels incorporated alumina mem-
brane. Hereafter we will mane it as nanochnnaled incorporated alumina membrane (NAM). Different metal
complexes varied between cationic, anionic, and neutral were used to study the diffusivity inside NAM and
to check the diffusion and extraction mechanisms inside the SS-nanochannels. The NAM was imbedded be-
tween feed phase which contains the metal complex and KCl and receiver phase which has only KCl. The
amount of the metal complex diffused across the NAM was detected electrochemically using 3-electrodes sys-
tem set inside the receiver phase.

The time dependent mass transport profile of different metal cmplexes across the NAM and alumina mem-
brane examined. In the NAM system, I can recognize remarkable lag-time that is defined as the time required
for the molecule to diffuse through the membrane, and the lag-time is independent on the concentration of the
metal complex in the feed phase (Cfeed). In contrast, no remarkable lag-time is observed for the alumina
membrane. These results indicate that the lag-time is due to the diffusion of metal complex inside the SS-
nanochannel. Hence, I tried to estimate the apparent diffusion coefficient of different metal complexes inside
the SS-nanochannel from the observed lag-time under the same experimental conditions. The apparent diffu-
sion coefficient values are found to be 5 orders of magnitude lower than those in bulk aqueous solution.
These results reveal also that the neutral metal complexes have faster diffusivities than charged ones. It was
proposed that the SS-nanochannel is composed of three regions, silica framework, hydrophobic interior of the
surfactant micelles, and the ionic interface containing the head group of the surfactant with its counter anion.
By considering this mesostructure, the charged metal complexes are electrostatically interacting with the ionic
species at the ionic interface, whereas the electrostatic interaction between the neutral metal complexes with
the ionic interface is weak. The weak electrostatic interaction is suggested to be responsible for the faster
diffusivities of neutral metal complexes inside the SS-nanochannels.2 Size-Exclusive Separation of Ag

Nanoparticles The control of the shape, size, crystallinity, and dimensionality of metal nanocrystals (or




nanoparticles: NP) has been paid great interest in materials science. Difficulties in the synthesis of

nanocrystals with control theirs shapes and crystallinity is a hard task up to date.

Mesoporous silica nanochannels fabricated inside the AAM can be considered as the best simple candidate
to regulate and control the shape and crytallinity of the polycrystalline and polydispersed nanoparticles. In this
study, 3D silica nanochannels have been used for size-exclusive separation of AgNPs in a trial to get Ag
nanocrstyals with uniform, spherical, and monodispersed. For that goal, grafting of the inner walls of the silica
nanochannels with TMS carried out via hydrothermal condensation reaction to increase the hydrophobicty in-
side the nanochannels and give better stability to silica nanochannels against organic phases. After grafting,
the N2 isotherm was measured and the results revealed that there is no meso-structural deformation, both sam-
ples have 3D mesostructure, and the pore diameter reduced from 4.4 to 3.9 nm due to the intact of the hy-
drophobic TMS group to the inner walls of the silica nanochannels. Moreover, the small angle XRD patterns
were recorded for both as made and TMS-grafted silica nanochannels hybrid membranes. The results reveal

the fabrication of highly ordered 3D silica nanochannles with body centered cubic mesostructure.

AgNPs has been synthesized by using sodium laureate and sodium borohydrate as a capping / reducing
agent TEM images of the as made AgNPs show that the NP’s size varies between 1-16 nm with
polydispearsed, and nonuniform shaped nanocrystals. For the separation experiments, the TMS-grafted hybrid
membrane (pore diameter 3.9 nm) was set in an ordinary filtration system and the AgNPs solution was intro-
duced to its 3D TMS-silica nanochannels.

Experimental results reveal that the grafting of the inner walls of the silica nanochannels lead to facile size-
exclusive separation across the 3D nanochannels withou non-aggregated yield and this refers to the increase
of the hydrophobic atmosphere inside the nanochannels. Moreover, the AgNPs yield was detected by Uv-Vis
specrophtometer and TEM.

Results indicated that well ordered and monodispeased nanocrystals of AgNPs were formed with pore di-
ameter less than 4.0 nm which is in a complete matching with the pore diameter of the TMS-grafted silica

nanochannles.

Reusability and efficiency of the 3D TMS-silica hybrid membrane was also examined. For this purpose, the
hybrid membrane was used for more than one separation cycles, after each cycle, the hybrid membrane was
washed thoroughly and then used for the other cycle and so-on. Detecting the lag time for each cycle and
the N2 isotherm, the results show that the BET surface area, mesoporosity, and the pore size distribution de-
crease with a remarkable increase in the macroporosity because of the long intact time of the silica
nanochannels with the AgNPs organic solution phase which causes deterioration of the fabricated
mesostructure. Moreover, there was n recorded lag time after the fifth cycle this may refer to the complete
destroy of the mesostructure of the TMS-silica hybrid membrane. From here we can conclude that the 3D
TMS grafted silica noanchannels hybrid membranes can be used for size-exclusive separation of AgNPs or

others effectively even for 5 cycles.

Summary and Conclusions



Fabrication and characterization of long range, well ordered, and uniform 3D silica nanochannels within the
pores of AAM successfully carried out using Brij surfactants as template surfactants. These fabricated materi-
als show promising application in size-exclusive separation of AgNPs to control their crystallinity, and shape
for better future usability. I believe that these Brij based silica nanochannels will play an excellent role in ap-

plications in the near future. -
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