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CCDC Crystal Structure Prediction Blind Test
(The Cambridge Crystallographic Data Centre)



1. What does the potential energy surface (PES) look like?

2. How does the phase transition affect the experimental observation?

Questions remaining:
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Calculation details

 Stochastic Surface walking method (SSW) 

 Rigid body constrains

 Double-Ended Surface Walking

 Amber force field (GAFF) (Lammps) + DFT ( PBE +D3) (VASP) 
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Steinhardt Q6 order parameter 



Biased rotation + Biased translation to climb

C Shang and Z-P Liu JCTC 2010

C Shang and Z-P Liu JCTC 2012

Method: Stochastic Surface walking



Continuous TS searching process 

Method: Stochastic Surface walking



C Shang and Z-P Liu  JCTC 2013

X-J Zhang, C Shang and Z-P Liu  JCTC 2013

C Shang, X-J Zhang and Z-P Liu PCCP 2014

1. Never stop to locate TSs

2. Fix the size and the number of bias potential

3. Generate mode randomly (move class)

4. Metropolis Monte Carlo

Method: Stochastic Surface walking



Coarse-grained SSW

Rigidify 
(Angle-Axis)

SSW climb Fully relax

Angle-Axis:



Efficiency of global minimum locating

Success ratio 
in 104 steps

Average
SSW steps

Average force 
calculation

2D (64 atoms / 8 molecules)
urea 10 234 2.7×105

acrolein 10 3923 4.8×106

ethenamine 2 >21500 >2.2×107

3D (64 atoms / 8 molecules)
ethane 10 1436 1.37×106

Acetic acid 8 5382 4.88×106

tetrahedrane 6 8560 9.75×106

cyclopropanone 0 >27000
3D (168 atoms / 6 molecules)

HMX 6

Difficulty:   (1) 3D >2D           (2) non-polar > polar (hydrogen-bonded)



Symmetry: C2

Symmetry:
P421m (#113)

Success ratio in 104 steps Average SSW steps Average force calculation
urea 10 234 2.7×105

acrolein 10 3923 4.8×106

Urea

Grow from aqueous solution by slow  
evaporation of the solvent at 43℃. The 
structure wad determined in early 19th.

Acrolein

Symmetry: Cs

Symmetry:
Pbca (#61)

Grow at 178 K in situ by laser-assisted
zone refinement (Boese & Nussbaumer,
1994). The crystal structure was solved in
2007 by Forster et al.
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 Results

Close packing versus Orientation



Acrolein

Urea
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Potential energy surface of acrolein and urea



Acrolein

Urea
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DFT refinement
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Liquid zone

Phase transition of urea
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Liquid zone

H-bond network is kept during phase transition

Phase transition of urea
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Liquid zone

No preferred orientation in solid forms. 

High barrier is resulted from ,mlecules flipping during phase transition

Phase transition of acrolein



Summary:

 Identified the liquid-like zone and the distance between 

the GM and the lower boundary of the liquid-like zone.

For non-polar molecules, the barrier of possible phase 

transition is high, making the transition from any stable 

phase to the GM difficult.
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