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Denis J. Evans 

Advances in Physics

J. Chem. Phys

J Stat 
Mech
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Christopher Wormald Prize 
 

J. R. Espinosa*1, A. Garaizar1, C. Vega2, D. Frenkel3 and R. Collepardo-Guevara1

1Maxwell Centre, Cavendish Laboratory, Department of Physics, University of 
Cambridge, J J Thomson Avenue, Cambridge CB3 0HE, United Kingdom

2Departamento de QuDemica Fmisica, Facultad de Ciencias QuQumicas, Universidad 
Complutense de Madrid, 28040 Madrid, Spain

3Department of Chemistry, University of Cambridge,Lensfield Road, Cambridge CB2 
1EW, United Kingdom

*Corresponding author e-mail: jr752@cam.ac.uk 

The cell interior contains heterogenous mixtures of thousands of different components 
that need to be organised in space to facilitate control of function. Such organisation is 
achieved through the formation of compartments and organelles that are sustained by 
either physical membranes or the physical chemistry of liquid-liquid phase separation 
(LLPS)1,2 of protein and protein-nucleic-acids mixtures. Systems containing highly 
flexible intrinsically disordered protein (IDP) regions favour LLPS3. Here we show that 
while multivalency and promiscuous protein binding favour LLPS, the flexibility of the 
binding sites has a marginal effect on LLPS as long as not increases the effective valency 
of proteins. By combining the well-established physics of self- assembly of colloidal 
patchy particles with a novel continuous potential4 optimised for fast and scalable 
molecular dynamics simulations, we demonstrate that fine-tuning of the characteristics 
of the protein-protein attractive interactions transforms the full phase diagrams of 
mixtures of thousands of proteins and the stability of the liquid-liquid coexistence region. 
Reducing the valency, gradually shifts the L-L critical point towards lower temperatures 
and packing fractions until its disappearance at a valency of 2. The topological 
distribution of binding sites on the protein surface also emerges as an important player 
in transforming the protein phase diagrams, with topologies that spread out the binding 
sites far from each other favouring LLPS. Our results4 suggest that of intrinsically 
disordered protein regions favours protein liquid-liquid phase separation because it 
facilitates exposure of protein interaction sites and, hence, increased valences, but not 
because flexibility per se favours phase separation. Also, our results show a general 
mechanism by which cells can easily control the stability of their liquid-liquid coexisting 
phases without changing the total protein concentration: protein-rich drops can be 
dissolved through chemical modifications that decrease the number of active binding 
sites on proteins, similarly condensation of protein-rich liquids can be triggered through 
chemical changes that increase the valency of proteins to values of three or higher.

[1] Larson et al. Nature , 236---240 (2017) 
[2] Strom et al. Nature , 241---245 (2017) 
[3] Dignon et al. Proc. Nat. Acad. Sci. (40) 9929-9934 (2018).                                                      
[4] Espinosa et al. J. Chem. Phys. (accepted) (2019) 
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Guggenheim Medal for Excellence in Thermodynamics 

Doros N. Theodorou 



Top Left

Top Right

Wi

Bottom

Phys. Rev. Lett

Macromolecules
Macromolecules

Macromolecules  , 

Macromolecules

Macromolecules
Macromolecules  
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 Carol K Hall1, Qing Shao2, Kong Wong3, Dillon Seroski4, Yiming Wang1, Anant Paravastu3, 
Gregory Hudalla4  
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Martin Lautenschlaeger1,  Hans Hasse1 

Mol. Phys.
J. Chem. Phys.



Renjie Chen1, Jacinta C. Conrad1, Jeremy C. Palmer1 
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Miguel Jorge; Leo Lue 

post facto

J. Phys. Chem. B
J. 

Phys. Chem. B
J. Chem. 

Theor. Comput.
Mol. Phys.

J. Chem. Phys.
J. Chem. Phys.

J. Chem. Theory Comput.



Chengxiang Liu1, Geoffrey P.F. Wood2, S. Kulkarni2, Erik E. Santiso1 

 

J. Chem. Phys. 
et al., J. Chem. Phys. 

J. Chem. Phys. 
et al. Mol. Phys. 
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Silvia Di Lecce1, Alexei Kornyshev1, Michael Urbakh2 and Fernando Bresme1 

n
n=2..6

Nature

Chem. Rev.
Sci. Rep.

Phys. Rev. Lett.
J. Phys. Chem. Lett., 

Phys. Chem. 
Chem. Phys.

J. Phys. Chem. C

ACS Nano



Jezabel Boni1, Christopher Williams1, Robert Dryfe2, Anne Juel3, Paola Carbone1 

J. Am. Chem. Soc.

J. Phys. Chem. Lett.
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Ji í Kolafa1 

Science
J. Chem. Phys.

J. Chem. Phys.
J. Phys. A: Math. Gen.

Phys. Rev. E
J. Am. Chem. Soc. 



Nico F. A. van der Vegt1 

Phys. Chem. Chem. Phys.

J. Phys. Chem. B

J. Phys. Chem. B
J. Phys. Chem. B

J. Phys. Chem. B
J. Am. Chem. Soc.

J. Phys. Chem. B
J. Chem. Theory Comp.

J. Chem. Phys.
J. Chem. Phys.
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ab initio

Richard J. Sadus 

ab initio

ab intio

u/
k 

r 



ab initio
ab initio

ab initio

ab initio
ab initio ab initio

ab initio

AIChE J
Mol. 

Phys

J. Comput. Chem
Molecular Simulation of Fluids: Theory, Algorithms and Object-Orientation

Theory and Applications in Computational Chemistry: The First Decade of 
the Second Millennium

Mol. Phys
J. Chem. Phys.

J. Chem. Phys
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Ulf R. Pedersen1 



Martin B. Sweatman1 

Mol. Phys.
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Amanda Bailey Hass1 and Karl Patrick Travis1  

etc

range



Nature
Phys Rev. Lett
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the separation (Figure 2). As shown in Figure 3, molecular simulations and DFT calculations 
evidence this high interaction for the diolefin with the open metal site atom of Fe-MOF-74. 
Using this MOF, we propose in Figure 4 a separation scheme to obtain a high-purity product.  

 

Figure 1. (a) Schematic representation of the atomic connectivity of ZJNU-30. Carbon atoms in gray, oxygen atoms 

in red, hydrogen atoms in white, and zirconium atoms in turquoise. The spheres represent the pore cages. (b) PSD 

of ZJNU-30. (c) Average occupation profiles for ZJNU-30 from MD simulations using one molecule of 1,3-

butadiene (left: initial position in small cages, right: initial position in large or medium cages).  

 

Figure 2. Adsorption selectivity for 2-cis-butene/1,3-butadiene, 1,3- butadiene/2-cis-butene, 2-trans-butene/1,3-

butadiene, 1,3-butadiene/ 2-trans-butene, 2-cis-butene/1-butene, 2-trans-butene/1-butene, and 2- cis-butene/2-
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trans-butene calculated from the a adsorption isotherms of equimolar quaternary mixtures in ZJNU-30 and Fe-

MOF-74 at 298 K and 10 kPa via Grand-Canonical Monte Carlo simulations. 

 

Figure 3. (a) Average occupation profiles (b) and equilibrium positions from classical minimizations at saturation 

conditions and (c) equilibrium distances between and the metal center of the structure from DFT calculations. 

From top to bottom: 1,3-butadiene, 1-butene, 2-cis-butene, and 2-trans-butene in Fe-MOF-74.  

 

 
 

Figure 4. Proposed adsorptive-based separation process of 1-butene from the C4 alkene mixture. Multicomponent 

adsorption isotherms in Fe-MOF- 74 (a,b) and RRO zeolite (c) at 298 K. 2-cis-Butene (blue), 2-trans-butene (red), 

1-butene (yellow), and 1-3-butadie (green).  
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