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Overview

 Principles of the generation of

mesoporous metal oxides

 Studies on the bioactivity of

mesoporous materials (literature)

The diversity of porosity and

morphologies
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Characterization of 

nanostructures 

Ordered nanoporous

metal oxides

Detector

X-ray

Relationship between self-assembled nanostructures and

Physicochemical properties?

Research topics AG Smarsly

HPLC

Electrospinning

of inorganic nanofibers

Nanoparticles

100 nm

Applied electrochemistry

Multimodal

pore strucures
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The principle of nanocasting

Petrified wood (Arizona, USA):

Wood

Infiltration with

alumosilicate

ions

Condensation

to 3D

alumosilicates

(= mineral)
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Sol-Gel-Chemistry
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Structure of sol-gel derived SiO2 networks
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Structure of sol-gel derived SiO2 networks
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Structure of common glass
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„Bottom-up“ principle for producing nanoscaled porosity

Building 
blocks

Construction 
(“Architect”)

Building

Sanssouci, Potsdam

Molecular
Precursor
or nanoparticle

=

Templat

condensation
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Micelles

2D hexagonal

lattices of 

cylinders

Gyroid

Lamellae

Lyotropic phasesDilute solution

Template: Mesostructures of

surfactants/block copolymers in solution

Concentration

Cubic

lattice

hydrophobic
hydrophilic

n

O

m

OH
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Nanocasting with block copolymers

Mesophase Solidified hybrid
Mesoporous 

SiO
2

Si(OR)
4
/H

2
O

500°C

condensation

pH = 2

50 nm 50 nm

Spherical mesopores

(14-40 nm)

Surface area ca. 90 – 200 m
2
/g

Cylindrical mesopores

(3 nm – 8 nm)

Surface area ca. 500 – 900 m
2
/g

AG Smarsly:

Large variability

of shape

and size

(3 nm – 40 nm)
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Possible morphologies

Thin films

(50 – 1000 nm)

Mesoporous

microparticles

Mesoporous 

powders
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Mesoporous SiO
2

for bone tissue regeneration - 1 

Vallet-Regi et al., J. Mater. Chem, 2006, 16, 26-31
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Mesoporous SiO
2

for bone tissue regeneration - 1 
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Mesoporous SiO
2

for bone tissue regeneration - 1 

Vallet-Regi et al., J. Mater. Chem, 2006, 16, 26-31

SBF: simulated body fluid
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Mesoporous SiO
2

for bone tissue regeneration - 1 

J. Mater. Chem, 2006, 16, 26-31

TEM analysis

apatite
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osteogenic agent

Recipe: 

Tetraethyl orthosilicate (TEOS), triethyl phosphate 

(TEP), and calcium nitrate, Ca(NO3)
2
, 4H2O, (Aldrich) 

were used as SiO2, P2O5, and CaO sources,

Mesoporous SiO
2

for bone tissue regeneration - 2

S85m:

3D 

mesopore

structure



18

Mesoporous SiO
2

microspheres for bone grafting

Porous SiO
2

microspheres
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Mesoporous SiO
2

microspheres for bone grafting

Spheres covered by apatiteDissolution behavior
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Modifications of apatite

Synthesis of nanocrystalline, carbonated hydroxyapatite (CHA)
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SiO
2

Aerogels for bone grafting
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SiO
2

Aerogels for bone graftingModifications of apatite



23

SiO
2

Aerogels for bone grafting

Problems of using porous SiO
2

as bioactive glass

 Mesoporous powders do not possess

macroscopic shape, thus produce „ill-defined“ apatite layers

 The influence of the macroscopic shape is not understood

 Small mesopores (< 8 nm) can be easily blocked

 Well-defined shape (monoliths)

 Ideally: as little amount of SiO
2

as possible

 Combination of high surface area and high porosity

Are nanoporous SiO
2

materials suitable?

Possible requirements for the materials



Precursor (Me(OR)y)

Mesoporous metal oxide films by

„Evaporation-induced self-assembly” (EISA)

Evaporation of the
solvent

EtOH-H2O

Condensation

T

Block copolymer

3 cm

„Dip-coating”

(Glass, Si)

Mesoporous metal 

oxide
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Macroscopic homogeneity

• Homogeneous mesostructures over millimeter-sized domaines 

• Crack-free films

• Accessibility of the mesopores (Ellipsometry-Porosimetry)

TEM/HRTEM

AFM
500nm

Atomic force microscopy 

0



“Micellar mixing”/

micellar “alloys”

cc

++

H
O

OH
 

 

y

 

x

 

Large pores: 

block copolymers or colloid particles

+
N

CH3 N CH3
( )

14
Cl-

Small mesopores:

Small surfactants

Dual micellar templating
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Hierarchical pore structures

Combination of a large pore volume with large surface area

100 nm pores

+ 14 nm pores

+ 3 nm pores

Surface area: 600 m
2
/g

Pore volume: 1.3 ml/g
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2 3

4 5 6

N. Ishizuka et al. (1998)

Monolithen) 

http://complex.gmu.edu/images/gallery/thumb/spinnum2ind.jpg

Meso- and macroporous SiO
2

Generation of monolith pore structures: Nakanishi process

Sol-Gel-Prozess: PEO + “Si(OH)
4
”+ EtOH

5 – 20 nm
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Structure of monolithic SiO
2

with hierarchical

pore structure

Electron microscopy

 Shape control

 Large pores: 2-4 micrometer

 Mesopores: 13 nm

 Surface area: Ca. 250 m
2
/g

 Pore volume = ca. 0.8 ml/g
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HPLC Setup AG Smarsly

HPLC setup 

AG Smarsly

Application of monolithic SiO
2

in HPLC
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Basics and 

Setup

Electrospinning
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How does it 

work?

Courtesy of Dr.S.Hill, MichiganTech University

Electrospinning
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Alignment of 

Fibers

Li, Wang & Xia, Nano Lett. 2003, 3, 1167

Literature review
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Versatile materials by electrospinning

Thick mats Thin coatings



35

Possible benefits for medical applications

 Electrospinning

allows the generation

of mats of reasonable

mechanical stability

 Generation of internal

porosity possible 
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Soft-Matter-Structures as templates for nanostructures

hydrophob
hydrophil

SMALL 

polymer-colloids 

(30 nm)

Polymer-

“sponge phases”

Lyotropic Blockcopolymer-

Mesophases

1 µm

50 nm

“Hierarchical”

pore structures 

150 nm

Generation of diverse pore structures
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The principle of nanocasting

A B

Nanoporöses
SiO2

Polymer in 
Wasser

Skala: 
1 Mikrometer

Elektronenmikroskopische Aufnahmen 

Weiches Templat “Hartes poröses 
Material”


