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INTRODUCTION

FUTURE WORK

MCM-41 (Figure 1, 2) is a mesoporous silica nanosphere (MSN) produced

by a specific water-CTAB-sodium hydroxide-TEOS method. MCM-41

particle size is 100-200nm and the average pore size is 4nm. Figure 1

depicts the formation of surfactant micelles, which serve as a template that

silica condenses around. When the surfactant template is removed, the

silica structure remains. Template removal is achieved by solvent extraction

or calcination. Calcination removes all surfactant but causes slight pore

shrinkage and often irreversible aggregation of particles4.

The “pH Trial” method successfully produced HMSN with

uniform shell radii of approximately 50nm and uniform particle

size of approximately 500nm. BET data qualitatively confirms

the presence of pores. TEM images confirm uniform particle

sizes and pores can be visualized.

NIPAm hydrogel was successfully synthesized and analyzed by

DLS. DLS data confirms that hydrogel is thermoresponsive and

reports a VPTT of 32-33֯C. Over a 20֯C range (25-45֯C), the

hydrogel shrinks from 280nm to 140nm, a 50% decrease in size.
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ABSTRACT
Monodispersed hollow mesoporous silica nanospheres (MSN) with

radial pore alignment and uniform size and shell radius have been

fabricated using a novel synthetic method. Amine-functionalized

polystyrene (PS) beads, cetyltrimethylammonium bromide (CTAB),

tetraethylorthosilicate (TEOS), and hydroxide salt were added

stepwise to a solution of nanopure water and ethanol. MSN have

diverse loading capabilities and have been used for many

bioapplications; the addition of an accessible central cavity to the

particle increases loading capacity and shows promise in delivery

mechanisms. NIPAm hydrogel is a highly studied biocompatible

polymer effective in extended-time drug release. The stability and

rigidity of MSN combined with its biocompatibility makes it an

excellent carrier for this hydrogel. Through equilibrium mechanism,

cold polymer reactants can be loaded into the hollow MSN and

then polymerized by heat initiation. NIPAm is a thermoresponsive

polymer with a volume phase transition temperature (VPTT) of

33֯C. Drug can easily be diffused into the hydrogel matrix, and at

internal body temperature, will be released and exit the HMSN

through the pores as the polymer shrinks. This particle will act as a

controlled and biodegradable extended release device. Future

work involves optimization of NIPAm polymer reactant

concentrations for desired hydrogel size and maximum drug

loading capacity.

The “Modified MCM-41” HMSN Synthesis

Combine 227.0mL H2O, ~3.0mL PS beads, and 1.0g CTAB in

round bottom flask (RBF) and stir 1 hour in oil bath at 80֯C. While

stirring, add 5.0mL TEOS dropwise (1mL/min) and stir additional 2

hours at 80֯C. Centrifuge and wash with H2O before calcining 6

hours at 550֯C.

The “Reactant Trial” HMSN Synthesis

Combine 50mL H2O, 91 mL EtOH, 0.568g CTAB, ~3mL PS beads

to RBF and stir 1 hour in oil bath at 40֯C. While stirring, add 7.33

mL TEOS dropwise (1mL/min) and stir additional 5 hours at 40֯C.

Centrifuge and wash with H2O before calcining 6 hours at 550֯C.

The “pH Trial” HMSN Synthesis

Combine 240mL H2O, 240mL EtOH, ~2.1mL PS beads, and 1.0g

CTAB in RBF and stir 1+ hour at room temperature. While stirring,

add 5mL TEOS dropwise (1mL/min) and then add 2M NaOH

dropwise until solution turns cloudy (approximately pH 11-11.5).

Stir 2 hours at 60֯C and then filter over fine frit and wash with

EtOH. Freeze-dry and then calcine 5 hours at 550֯C.

NIPAm Hydrogel Batch Synthesis

Vacuum and degas with Nitrogen 48mL H2O, 12.7mg SDS in 1mL

H2O, 16.8mg APS in 1mL H2O, and 1.0g NIPAm and 68.1mg BA in

18mL H2O. Degas 48mL H2O with Nitrogen at 80֯C and then inject

stepwise with NIPAm/BA, SDS, and APS. Stir 30 minutes at 80֯C

and then cool. Centrifuge product, wash with H2O, and lypholize.
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RESULTS and DISCUSSION

The HMSN “pH Trial” synthetic method requires further

optimization to minimize the MCM-41 particles present in the

product. This will be achieved by adjusting reaction conditions,

especially the concentrations and ratios of reactants and the pH

at which the reaction is catalyzed.

Once HMSN are successfully fabricated, inverse polymerization

will be tested. The NIPAm hydrogel reactants will be loaded cold

(<VPTT) into the HMSN by equilibrium mechanism and initiated

by heat. Reactant concentration for reactant loading will be

optimized to achieve maximum drug loading/release

capabilities. Drug will be loaded by simple diffusion into the

hydrogel through the mesopores, and then tested to quantitate

drug release.

Figure 1: Surfactant templating mechanism used to fabricate MCM-412

Figure 7: Dynamic Light Scattering (DLS) Data for

NIPAm hydrogel

Hollow Mesoporous Silica Nanospheres

Figure 8: NIPAm hydrogel dissolved in water at (a) 40֯C

and (b) 25֯C. In (a), hydrogel is above its VPTT and is

in its condensed state with smaller particle size, in (b),

hydrogel is below its VPTT and in its expanded state

with larger particle size and loading capacity. (a) is

cloudier because polymer matrix is more dense and

holds less water than (b).

(a) (b)

Figure 2: TEM image of MCM-41

In recent years, there has been an

increased research interest in the

development of hollow MSN particles.

HMSN have a hollow central cavity,

created by templating surfactant onto

a removable polystyrene bead. Silica

condenses onto the template, which

is later removed by calcination to

produce a hollow mesoporous silica

shell. In this project, amine-

functionalized polystyrene latex is DLS data (Figure 7) plots the change in average hydrogel

particle size over a temperature range of 20֯C. The

hydrogel shrinks rapidly at 32-33֯C, decreasing in size from

280 nm at 25֯C to 140nm at 45֯C.

For integration with HMSN, hydrogel particles of this size

are optimal. The 500nm cavity will contain the expanded

(280nm) and collapsed (140nm) hydrogel, while the pores

(~4 nm) allow the drug to exit the particle.

For delivery, the drug-loaded HMSN should be maintained

at temperatures <VPTT before ingestion in order to hold

the maximum amount of drug. When raised to internal

body temperature, the hydrogel will shrink, releasing the

drug into the body.

used to template a central cavity and alcohol solvent is included to

promote radial alignment of pores in HMSN1,5. This particle design

increases the loading capacity while protecting the loaded material from

the environment.

The objective of this project is to polymerize NIPAm hydrogel within the

hollow centers of HMSN. NIPAm hydrogel displays impressive hydrophilic

drug loading and release ability3. pNIPAm structure responds to

temperature change and has a distinct volume transition phase

temperature (VPTT) typically near 37֯C. Below the VPTT, the hydrogel is in

its expanded state and can be loaded. Above its VPTT, the hydrogel

structure collapses and shrinks, expelling the contents of its matrix.

Polymer reactants can be loaded into HMSN cold and heat initiation will

polymerize the gel inside of the cavity of the HMSN. Drug can be diffused

into the hydrogel (<VPTT) and at internal body temperature (37֯C) the

polymer will shrink and expel the drug, allowing it to exit the MSN through

the shell pores.

Figure 5: TEM images of HMSN synthesized

by “Reactant Trials” method.

The “Reactant Trial” HMSN 

Synthesis

• Modifications to method made 

to improve the shell properties

• TEM images (Figure 5) confirm 

nucleation around PS beads, 

however the shell was thin and 

fragile

The “pH Trial” HMSN Synthesis

• Developed with insight into the pH of the synthesis 

solution

• Product contained a mixture of HMSNs, MCM-41 type, 

and Stöber type particles

• TEM images show uniform hollow particles 

• Confirms the need of proper pH and alcohol solvent for 

desired shape

• Less aggregation

• Needs further optimization

Figure 6: TEM images of HMSN synthesized by “pH Trial” method (A-C) and Nitrogen

isotherm (D) with pore size distribution (D inset).
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Figure 3: TEM images of HMSN synthesized by “Modified MCM-41”

method.

The “Modified MCM-41” HMSN Synthesis

• Amine-functionalized bead replaced NaOH 

as nucleation site

• TEM images (Figure 3) show successful 

silica condensation but shell was not uniform 

and the pores were not radially aligned

• BET analysis (Figure 4) shows evidence of 

pores with a wide size distribution

Figure 4: BET data for HMSN (Modified MCM-

41 Synthesis). (Left) Isotherm data shows type

four graph and hysteresis loop. (Right) BJH

data shows a wide pore distribution.


