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Project	  A7	  (Klapp/Dzubiella)	  

(merged	  from	  A1	  and	  A7)	  



Project	  development	  1st	  funding	  period	  

A1	  (Dzubiella):	  

Exploring	  HIOS	  structure	  formaJon	  by	  all-‐atom	  Molecular	  Dynamics	  (MD)	  
simulaJons	  

A7	  (Klapp):	  

Coarse-‐grained	  simulaJons	  (MD,	  Monte-‐Carlo,	  kineJc	  MC)	  	  
for	  growth	  phenomena	  and	  phase	  transiJons	  of	  HIOS	  

Joint	  work	  A1/A7:	  

SystemaJc	  derivaJon	  of	  coarse-‐grained	  interacJon	  potenJals	  



Growth	  and	  characteriza/on	  of	  molecular	  crystals	  of	  para-‐sexiphenyl	  by	  all-‐atom	  
computer	  simula/ons	  
K.	  Palczynski.	  G.	  Heimel,	  J.	  Heyda,	  and	  J.	  Dzubiella,	  Crystal	  Growth	  and	  Design	  14,	  
3791	  (2014).	  

A1	  (Dzubiella):	  Achievements	  1st	  period	  

Growth	  of	  realisJc	  bulk	  crystals	  of	  polyphenylens	  'from	  scratch’:	  	  
Full	  characterizaJon	  of	  structure	  and	  phase	  behavior	  

with	  A4	  



Anisotropic	  electrosta/c	  fric/on	  of	  para-‐sexiphenyl	  on	  ZnO	  surfaces	  
K.	  Palczynski	  and	  J.	  Dzubiella,	  J.	  Phys.	  Chem.	  C,	  first	  revision	  resubmi]ed	  (2014)	  

A1	  (Dzubiella):	  Achievements	  1st	  period	  

Strongly	  anisotropic	  diffusion	  and	  transport	  due	  to	  electrostaJc	  surface	  pa]ern	  
(6P	  at	  ZnO).	  

D
α
 [

n
m

2
/p

s]

1/T [K-1]

Dx
uncharged(T)

Dy
uncharged(T)

Dx
charged(T)

Dy
charged(T)

10-6

10-5

10-4

10-3

10-2

10-1

2⋅10-3 4⋅10-3 6⋅10-3 8⋅10-3 10⋅10-3



Unravelling	  the	  mul/layer	  growth	  of	  the	  fullerene	  C60	  in	  real-‐/me	  
S.	  Bommel,	  N.	  Kleppmann,	  …,	  S.H.L.	  Klapp,	  S.	  Kowarik,	  	  
Nature	  Communica:ons	  (in	  press)	  

A7	  (Klapp):	  Achievements	  1st	  period	  

Growth	  process	  of	  C60	  mulJlayers	  at	  surfaces	  	  

Par/cle-‐resolved	  dynamics	  during	  mul/layer	  growth	  of	  C60	  
N.	  Kleppmann	  and	  S.H.L.	  Klapp,	  preprint,	  to	  be	  submi>ed	  soon	  

with	  A9	  



A7	  (Klapp):	  Achievements	  1st	  period	  

Coarse-‐grained	  modelling	  and	  collecJve	  behavior	  
of	  6P	  at	  ZnO	  (1010)	  	  

A	  scale-‐bridging	  model	  for	  anisotropic	  organic	  molecules	  at	  paGerned	  
semiconductor	  surfaces	  
N.	  Kleppmann,	  and	  S.H.L.	  Klapp,	  submi>ed	  to	  J.	  Chem.	  Phys.	  (2014)	  
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Angle-‐resolved	  effec/ve	  poten/als	  for	  disk-‐shaped	  molecules	  
T.	  Heinemann,	  K.	  Palczynski,	  J.	  Dzubiella,	  and	  S.	  Klapp,	  J.	  Chem.	  Phys.,	  submi]ed	  (2014).	  

A1+A7:	  Joint	  work	  in	  the	  1st	  period	  

SystemaJc	  coarse-‐graining	  of	  anisotropic	  molecular	  interacJons:	  
ReproducJon	  of	  structure	  and	  bulk	  phase	  behavior	  

FIG. 1. (Color online) An exemplary configuration of two coronene molecules illustrating their

internal atomic structure. Green and gray spheres refer to carbon and hydrogen atoms, respectively.

The arrows stand for coarse-grained (vectorial) variables introduced in Sec. II B.

simulations it is crucial to take into account anisotropic e↵ects.

We note that various coarse-grained models for coronene already exist. For example,

von Lilienfeld and Andrienko17 have suggested a coronene pair potential which is based on

quantum chemical calculations. However, this potential takes into account the face-to-face

configuration alone. Babadi et al.18 have proposed a pair potential which corresponds to

fit according to an ellipsoidal soft potential suggested in Ref. 19. This potential is indeed

angle-dependent but does not depend on temperature and, thus, neglects entropic e↵ects.

In yet another study, Obolensky et al12 proposed a uniaxial model, where each coronene

molecule is represented as a collection of charged rings. Thus, the model takes into account

the electrostatic contributions to the e↵ective potential. The drawback, however, is that the

resulting potential involves elliptic integrals, which are quite inconvenient for many-particle

simulations. Again, the influence of temperature is not included, while we consider it from

scratch.

In the present study, we are not so much interested in modeling coronene in all detail,

we rather consider this molecule as an example for establishing our approach towards angle-

resolved e↵ective potentials. For simplicity, we therefore neglect electrostatic contributions

to the e↵ective interaction (discussion given in Sec. III C). This restriction implies that

we cannot describe the realistic crystal configuration of coronene, which corresponds to

a herringbone structure20. We note that a correct description of the electrostatics would

include di↵erences in the molecular charge distributions within dilute systems (i.e., isolated

3

(a) (b) (c)

FIG. 9. (Color online) (a) Initial hexagonal columnar nematic state of the present system. (b) and

(c): Snapshots of the hexagonal nematic regime after 3 ns at b) 300K and (c) 700K within the

atomic model and model M.

reaction coordinates (a, b, c) at each distance R.

As a benchmark system we have considered a pair of coronene molecules, using the

generalized Amber force field36 (without electrostatic contributions) to describe the atomistic

Hamiltonian. The resulting coarse-grained potentials reveal a strong angle- and temperature

dependence. Regarding the sampling method, we find the US and SD method to be generally

consistent, with the accuracy of each method depending somewhat on the intermolecular

distance considered.

In a further step we have fitted the coarse-grained potentials onto variants of Gay-Berne-

models. Thus, we have provided fit parameters for two Kabadi45 models (K1, K2), an own

extension of the Gay-Berne44 model (M), and (as a critical test) an angle-averaged model

(S). The quality of the resulting models has been evaluated by comparing the resulting

many-particle behavior at di↵erent thermodynamic state points with that of the underlying

atomistic system.

Model M was found to be superior in most aspects, including the description of the ori-

entational phase transition occuring at high densities. However, it is also the most complex

model in terms of the number of parameters involved. The performance of the simpler

28
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Summary	  1st	  funding	  period	  

  robust	  atomisJc	  model	  for	  polyphenyl	  
  refined	  methods	  to	  extract	  long-‐Jme	  diffusion	  constants	  from	  MD	  
  expandable	  kMC	  code	  (growth,	  collecJve	  behavior)	  
  “heurisJc”	  and	  systemaJcally	  coarse-‐grained	  modelling	  

Important	  method	  development	  for	  HIOS	  systems	  at	  finite	  
temperatures	  	  -‐	  crucial	  for	  future	  work	  !	  	  



Planned	  work	  2nd	  funding	  period	  

Main	  goal:	  Combine	  and	  advance	  all-‐atom	  and	  coarse-‐grained	  
simulaJons	  to	  invesJgate	  structure	  formaJon	  &	  growth	  phenomena	  
in	  HIOS	  	  

All-‐atom	  MD	   Coarse-‐grained	  (k)MC,	  MD	  

-‐>	  Influence	  of	  COM	  polarity,	  
step	  edges,	  surface	  paGerns	  
on	  transport	  and	  nuclea/on	  	  

-‐>	  Anisotropic	  mul/layer	  	  
growth,	  	  
impact	  of	  electrosta/cs	  

Links:	  	  
-‐ anisotropic	  transport	  coefficients,	  energy	  
barriers:	  all-‐atom	  MD-‐>	  kMC	  
-‐	  CollecJve	  behavior	  kMC	  -‐>	  all-‐atom	  MD	  

Systems:	  COM	  sexiphenyl	  (p-‐6P)	  on	  ZnO	  and	  	  derivaJves	  thereof	  
(including	  local	  dipoles)	  	  



QuesJons	  

  nuclei,	  island	  shapes	  and	  morphologies	  	  
	  	  	  	  (in	  equilibrium	  &	  during	  growth)	  

  spaJally-‐varying	  Jlt	  angle	  	  

  impact	  of	  different	  surface	  modificaJons	  and	  the	  COM	  polarity.	  	  

  study	  the	  (anJcipatedly	  strong)	  effects	  of	  varying	  the	  mulJpole	  
moments	  of	  the	  COM	  (e.g.,	  local	  dipoles)	  	  

Inspira/on	  from	  A3	  
(Hecht)	  



Challenges	  

  	  AtomisJc	  force-‐field	  refinement,	  explicit	  polarizability	  	  

  	  Advanced	  sampling	  of	  COM	  clustering	  in	  all-‐atom	  molecular	  
dynamics	  (MD),	  replica	  exchange	  Molecular	  Dynamics	  (REMD)	  

  	  IdenJfying	  appropriate	  reacJon	  coordinates	  for	  coarse-‐graining	  	  

  	  Ground	  states	  and	  phase	  diagrams	  of	  electrostaJcally	  coupled	  
COMS	  

  	  IncorporaJng	  molecular	  anisotropy	  &	  electrostaJcs	  within	  kMC	  



CollaboraJons	  within	  the	  CRC	  951	  

Theory	  

A4	  (Heimel):	  force	  field	  parameters	  from	  DFT,	  geometrical	  single-‐	  	  	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  molecule	  structure	  from	  all-‐atom	  MD	  

A10	  (Tkatchenko/Scheffler):	  force	  fields	  for	  surfaces	  

B11	  (Draxl):	  	  electronic	  surface	  structure	  

Experiment	  

A5	  (Henneberger)	  	  

A8	  (Koch)	  

B3	  (Blumstengel)	  

Z2	  (Kowarik/Koch):	  Time-‐dependent	  structures,	  X-‐ray	  

ObservaJon	  of	  equilibrium	  and	  non-‐
equilibrium	  aggregated	  structures	  
(islands,	  layers,	  Jlt	  angles,	  …)	  



Characeriza/on	  of	  step-‐edge	  barrier	  crossing	  of	  para-‐sexiphenyl	  on	  ZnO	  surfaces	  
K.	  Palczynski	  and	  J.	  Dzubiella,	  in	  prepara:on	  (2014)	  

A1	  (Dzubiella):	  Achievements	  1st	  period	  

Crossing	  of	  a	  step-‐edge	  barrier	  by	  a	  6P	  molecule	  at	  ZnO	  	  
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