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Computational PhysicsHead: Prof. Dr. Joachim Dzubiella

Email: joachim.dzubiella@physik.uni-freiburg.de
Webpage: https://www.compmat.uni-freiburg.de/
Berlin joint research group:  https://www.helmholtz-berlin.de/forschung/oe/ce/simulation/index_en.html

Research:
Ø Computer simulations and theoretical modeling of soft functional materials 
Ø Goal: establish (microscopic) structure-property-function relationships and design rules

Environment and Perspective

Ø Team Freiburg: 4 postdocs, 2 PhD-students, 4 Master students; Team Berlin: 2 postdocs, 3 PhD-students

Ø Interdisciplinary Research: Physics meets Computational Science, Chemistry, Molecular Biology, Applied 
Mathemathics & Engineering

Ø International Collaborations:  Helmholtz-Zentrum & HU Berlin, Sorbonne Université Paris, Imperial College 
London, UC San Diego, University of  Malaga, Granada, etc. 

Ø Education & Job Perspectives: Research & Development in Computational Material Science
(Emerging Branch of Industry); Data Science and Analytics; Finance and Risk

Lectures / Labs
• In SoSe 21: Master Course on Computational Physics for Materials  / Oberseminar Computational Soft 

Materials
• Master Laboratory Applied Physics: Nano Tug-of-war Computational Exploration of Polymer Elasticity 

Functional colloids

Applied Theoretical Physics –
Computational Physics

Length scale

Molecular Dynamics 
(Newton, all-atom)

Multiscale Methods (all based on classical Hamiltonians) 

Systems / Materials we simulate and study

1 nm 10 nm 100 nm

Mesoscopic Dynamics 
(Langevin, coarse-grained) 

Liquid State Theory / 
Statistical Mechanics

Polymer Physics / 
Electrostatics / 
Nonequilibrium transport

Thermodynamics / 
Continuum Mechanics / 
Hydrodynamics

(kinetic) Monte-Carlo, 
Reaction-Diffusion simulations Computer ‚experiments‘

Theoretical Physics

Molecular ‘fluids’

Molecular systems: water, salt, (conjugated) organic 
molecules, peptides, proteins, etc. (~ 0.1-10 nm)
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Opportunity: active carrier systems 

Metal Nanoparticle

Passive carriers Active carriers: nanoreactors

Ligands

Yolk-shell 
(hydrogel)

Core-shell (hydrogel)

Tethered Polyelectrolytes 

Dendrimers

PS

~ 1-10 nm

R. Roa, S. Angioletti-Uberti, Y. Lu, JD, F. Piazza, M. Ballauff, Z. Phys. Chemie 232, 73 (2015) 

Molecular Dynamics (MD)

Movie: 50 NaCl, 1000 water 
molecules, ~2 mol/l, ~ 100 ps

Method: 

Molecular dynamics (MD) 
computer simulations

~ 4 nm

Protein corona 
around nanoparticle

Nanoreactors / Drug 
carriers Colloidal dispersion 

Thermoplastic 
polymers

Proteins

Polymer /hydrogel membranes

Responsive 
polymers

Solid/liquid nano-interfaces

Nanoscale water 
and electrolytes

Solvated ions

Gold nanoparticles
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mr̈i = �⇠mṙi +
X

j

Fij + ✓i
<latexit sha1_base64="zfsbv1T+9lKf9ugi78pMMUqf4rQ="></latexit><latexit sha1_base64="zfsbv1T+9lKf9ugi78pMMUqf4rQ="></latexit><latexit sha1_base64="zfsbv1T+9lKf9ugi78pMMUqf4rQ="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="hZNoduWziIwRWZgbMy7FmEwO+c0=">AAACJXicbZBLSwMxFIXv+LZWrW7dBIsgiDLjRjeCIKhLBfuAThkyaaaNJjNDckcsw/wkN/4U3Sgo4j8xfSxq64HA4TsJN/eEqRQGXffDmZtfWFxaXlktrZXXNzYrW+W6STLNeI0lMtHNkBouRcxrKFDyZqo5VaHkjfDhYpA3Hrk2IonvsJ/ytqLdWESCUbQoqFwpv9NJMPfDiOgiEOSMHPpPglg8SQ+IbzIV3JMhuiyC3Bf3xQBjjyMNRFCpukfuUGTWeGNThbFugsqrncAyxWNkkhrT8twU2znVKJjkRcnPDE8pe6Bd3rI2poqbdj5cuCB7lnRIlGh7YiRDOvkip8qYvgrtTUWxZ6azAfwva2UYnbZzEacZ8piNBkWZJJiQQXukIzRnKPvWUKaF/SthPaopQ9txyZbgTa88a+rHR571ty6swA7swj54cALncA03UAMGz/AGn/DlvDjvzveorjln3Ns2/JHz8ws6Rqb/</latexit><latexit sha1_base64="hZNoduWziIwRWZgbMy7FmEwO+c0=">AAACJXicbZBLSwMxFIXv+LZWrW7dBIsgiDLjRjeCIKhLBfuAThkyaaaNJjNDckcsw/wkN/4U3Sgo4j8xfSxq64HA4TsJN/eEqRQGXffDmZtfWFxaXlktrZXXNzYrW+W6STLNeI0lMtHNkBouRcxrKFDyZqo5VaHkjfDhYpA3Hrk2IonvsJ/ytqLdWESCUbQoqFwpv9NJMPfDiOgiEOSMHPpPglg8SQ+IbzIV3JMhuiyC3Bf3xQBjjyMNRFCpukfuUGTWeGNThbFugsqrncAyxWNkkhrT8twU2znVKJjkRcnPDE8pe6Bd3rI2poqbdj5cuCB7lnRIlGh7YiRDOvkip8qYvgrtTUWxZ6azAfwva2UYnbZzEacZ8piNBkWZJJiQQXukIzRnKPvWUKaF/SthPaopQ9txyZbgTa88a+rHR571ty6swA7swj54cALncA03UAMGz/AGn/DlvDjvzveorjln3Ns2/JHz8ws6Rqb/</latexit><latexit sha1_base64="EFyWOQtbyvojeEBKscCR5uEJEqg="></latexit><latexit sha1_base64="zfsbv1T+9lKf9ugi78pMMUqf4rQ="></latexit><latexit sha1_base64="zfsbv1T+9lKf9ugi78pMMUqf4rQ="></latexit><latexit sha1_base64="zfsbv1T+9lKf9ugi78pMMUqf4rQ="></latexit><latexit sha1_base64="zfsbv1T+9lKf9ugi78pMMUqf4rQ="></latexit><latexit sha1_base64="zfsbv1T+9lKf9ugi78pMMUqf4rQ="></latexit><latexit sha1_base64="zfsbv1T+9lKf9ugi78pMMUqf4rQ="></latexit>

P (x ! x⇤) = min

⇢
1,

P (x⇤)

P (x)

�

<latexit sha1_base64="+BeqSNSlBATaQXC48QeLvYocbSQ="></latexit><latexit sha1_base64="+BeqSNSlBATaQXC48QeLvYocbSQ="></latexit><latexit sha1_base64="+BeqSNSlBATaQXC48QeLvYocbSQ="></latexit><latexit sha1_base64="+BeqSNSlBATaQXC48QeLvYocbSQ="></latexit>
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