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Example - „Grafting - from“

Focus

Polymer materials and membrane technology
Research group of Prof. Dr. Mathias Ulbricht

Universität Essen, Fachbereich Chemie, Lehrstuhl für Technische Chemie II, D-45117 Essen

The main research activities are devoted to functional polymer materials with a particular focus onto molecularly imprinted polymers (MIPs) and synthetic
membranes, especially composite membranes. Synthesis or manufacturing of MIPs and composite membranes is in most cases done via controlled surface
functionalizations. Besides detailed investigations of the chemistry, also potential manufacturing technologies are evaluated. The function of the novel „bio-
inspired“ or „smart“ materials is studied in the context of analytics, separation as well as integrated technical processes, including microseparators and –reactors
for „lab-on-a-chip“ systems, with a clear focus onto potential application technologies in the LifeSciences. Furthermore, membrane technologies and processes
are also evaluated with respect to other industrial applications. 

Profile

Current projects (Ph.D. or PostDoc)
Molecularly imprinted polymer blend membranes via phase inversion
Porous MIP particles and membranes for solid phase extraction
Molecularly imprinted „fixed carrier“ and „gate“ membranes
Catalytically active MIP membranes
Tailored „tentacle“ graftcopolymer layers for protein affinity assays and
sensors
Polymer surfaces with optimized biocompatibility via grafting of 
hydrophilic macromolecules
Membranes with optimal pore size and charge for electrokinetically
controlled separations
Membranes for the fractionation of drug extracts from plants
Minimizing membrane fouling via „smart“ surface functionalization

Planned projects
Molecularly imprinted polymer layers with high affinity for
biomacromolecules
Controlled protein hydrolysis in an enzyme-membrane reactor
Nanoparticle composite membranes
Composite membranes for nanofiltration
Membrane switches and valves for microseparators and -reactors
...

Contact:
Prof. Dr. Mathias Ulbricht
Tel.:  x 49 201 - 183 3151; Fax:  x 49 201 - 183 3147
e-mail:  mathias.ulbricht@uni-essen.de; web:  www.uni-essen.de/tech2chem

Context / Background Surface functionalization

 Chemistry / Architecture
      Molecular recognition

Interface
 Adsorption
 Wetting
 Adhesion

Interphase
 Absorption
 Mixing
 Swelling

Polymer grafting
„grafting-to“

Graft copolymerization
„grafting-from“

Surface grafting reactions

„horizontal“ „vertical“

Coat
 coverage

 low capacity

Graft layer architecture

Tentacle / Brush
  shielding

  high capacity (3D)

Photo reactions for surface functionalization

Functionalized porous membranes

UV initiated controlled reactions
towards defined (2D & 3D)

polymer layer structure

UV supported manufacturing
of polymer materials
with tailored surface

Membrane properties -pore size,
affinity- as „probe“ for polymer

layer chemistry and architecture

Advanced membrane
performance in

separation, analytics or catalysis

TechnologyChemistry
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Molecularly imprinted polymers (MIPs) - Thin-layer MIPs

Affinity membranes / 
Enzyme-membrane reactors

Biocompatible 
polymer surfaces

General analytics
• HPLC system with autosampler, 

UV-Vis diode array and RI detectors
• FPLC system „ÄKTA Purifier“
• Fluorescence spectrophotometer

with microplate reader
• UV-Vis spectrophotometer
• UV-Vis microplate reader
• Amino acid analyzer
• Porometer (BET, etc.)

Surface analytics
• Contact angle measurement
• Surface plasmon resonance (SPR)
• Tangential streaming potential 

(zetapotential)

Surface functionalization
• Photolithography UV irradiation

system
• other UV irradiation systems and

reactors

Main instrumentation and methods

Membrane characterization
• Permporometer
• Micro-, Ultra- and Nanofiltration
• Reverse osmosis
• Gas or vapour permeation and

separation
• Gas and liquid diffusion
• Transmembrane streaming potential

(zetapotential)

Nanoparticle
composite membrane
amino-PET, 1000 nm
& epoxide partikel,
250 nm

„Design“
via reactive „assembly“:

- membrane pore size
- particle size (distribution)
- reactive groups
- ratio reactive / inert particles

Novel membrane architecture
Example

0.01

0.1 1 10

PSf 0.001

Fibroblasten auf graduell mit PEG funktionalisiertem PSf („grafting-to“):
 Fokale Adhesion - Proteinkomplex (Immunofluoreszenz - anti  vinculin AB)
 Optimierung der Zellkompatibilität

Example – „Grafting-to“

Fibroblasts on gradually with PEG functionalized polysulfone:
Focal adhesion - Protein complex (immuno fluorescence - anti vinculin AB)
Optimizing cell compatibility

-                  Membrane

Membrane
(porosity, permeability,
 selectivity)

Surface functionality

Enzyme
(amount, distribution,
 activity)

{
Enzyme-membrane reactor

Enzyme

Substrate

Product

 selectivität
 yield
 productivity
 continuity - operation time

Process conditions
transport  residence time
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PET track-etched membrane (dp=1µm),
functionalized with polyacrylic acid
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Membrane switch
Membrane valve

Example

Thin-layer MIP receptor: 
- stabilization by support
- accessibility of / for template

MIPs for drugs and 
biomolecules

separation, screening

MIP affinity filtration
membranes

substance-specific
membrane-SPE

MIP carrier and gate
membranes

bio-membrane mimics

CataIytic MIPs
membrane reactors


