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Crystal Structure is the basis for understanding
materials properties and behavior
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"for his discovery of the diffraction of X-rays by crystals" “for their services in the analysis of crystal structure by means of X- o their autstanding achievements in the development of direct
rays" metho ination of crysta res"

Sir William Henry Bragg  William Lawrence Bragg Herbert A. Hauptman Jerome Karle

(from http://nobelprize.org)

Structure Diffraction




Acc. Chem. Res. 1994, 27, 309—314

Are Crystal Structures Predictable?

ANGELO GAVEZZOTTI®

“No”: by just writing down this concise statement, in what would be the first one-word
paper in the chemical literature, one could safely summarize the present state of affairs

Owe of the continuing scandals in the physical sciences is that it remains in
eeneral impossible to predict the structure of even the simplest crystalline solids from
a knowledge of their chemical composition. Who, for example, would guess that
graphite, not diamond, is the thermodynamically stable allotrope of carbon at
ordinary temperature and pressure? Solids such as crystalline water (ice) are
still thought to lie beyond mortals® ken.

J. Maddox
(Nature, 1988)



| ? U
To predict crystal structures” et

“I have not failed (ten thousand times). I've just found 10000 ways that won't work”
----- Thomas. Edison

Phys. Rev. B26, 5668 (1982)

Theory of static structural properties, crystal stability,
and phase transformations: Application to Si and Ge

M. T. Yin* and Marvin L. Cohen
Department of Physics, University of California, Berkeley, California 94720

and Materials and Molecular Research Division, Lawrence Berkeley Laboratory,
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Modern Crystal Structure Prediction (CSP)

Reliable

»Ranking
» Searching

Universal

Transferable

Economical

Computing time

Automatic

User friendly




CSP Breakthroughs (2000s)...

Inorganic crystals (Breakthroughs since 2003)

» Metadynamics (Martonak, 2003)

»Data mining (Curtarolo & Ceder, 2003)

»Minima hopping (Goedecker, 2004)

» Evolutionary algorithms(EA) /PSO (Oganov, 2006; Ma, 2010;)
»Random sampling (Pickard, 2006)

» Genetic algorithms (Ho, 1997, Ho & Wang, 2010)

RESEARCH NEWS Overview of USPEX
Crystal structure prediction — evolutionary or revolutionary é— (Oganov JCP. 2006)

crystallography?

8. L. Chaplot and K. R. Rao CURRENT SCIENCE, VOL. 91, NO. 11, 10 DECEMBER. 2006

Organic crystals C C )(C

Significant progress in predicting the crystal
structures of small organic molecules — a report
on the fourth blind test




USPEX BAR

Universal Structure Predictor: Evolutionary Xtallography

*Ab Initio determination

Few INPUTs (Chemical formula + P/ condition)
‘*Evolutionary Algorithm

Self-improved searching process

Website: http://uspex.stonybrook.edu

Oganov A.R., Lyakhov A.O., Valle M. (2011).

How evolutionary crystal structure prediction works - and why.
Acc. Chem. Res. 44, 227-237.




USPEX

1) (Random) initial population: from INPUTs : chemical formula
2) Relaxation at P/ conidtion : (free) energy (done by VASP, .etc)
3) Selection: lowest-energy structures as parents

]

4) New population: Standard variation operations

(1) Heredity
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slice from parent #1
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unoptimised offspring

slice from parent #2 optimised offspring

(3) Softmutation

(2) Lattice mutation

mutant structure,
optimised

o 9
parent structure

(4) Permutation

parent structure
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permutated structure




Modern CSP theory

CSP Problem:
Find global energy minimum
NP hard Problem ~ exp(6d)
Dimensionality d = 3N + 3.
Very sensitive to small changes
HUGE and ‘noisy’ landscape

Free energy

VV VY

Order parameter(s)

CSP Solution: CSP complexity

Global optimization of local minima _n“

» Reduced dimensionality (d* = 3N + 3 — k) Au.Pd 39 10.9
ghUy :

» Simplified curvature of energy landscape
Mg,N,H, 39 32.5

ARO et al., Acc. Chem. Res. 2011 Mg16016 99 11.6




Fingerprint Theory

Fingerprint function : a 1D-descriptor of the structure
Similar to diffraction spectrum, PCF, ...
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ARO & Valle, J. Chem. Phys., 2009




Simple systems GaAs

Energy difference
T T T
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0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 05 0.55
Distance

Energy v.s. distance plot

Free energy

Order parameter(s)

1 D representation of funnel

Sampling in discrete space, while optimization makes it continuous

» Heredity
» Mutation (small degree)



Complex systems MgO

Energy v.s. distance plot

2D projection
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Structural Diversity is essential to explore the complex landscape!

» Random generation (new blood)
» Mutation (large degree) ARO & Valle, J. Chem. Phys. , 2009



















When searching efficiency matters!

40-atom cell of MgSiO, post-perovskite
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Part |l: Structure Prediction

{ |. Variable compositional prediction

[ Il. Constrained global optimization

l Ill. Low dimensional systems




Missing Xenon Paradox

"our atmosphere contains far less xenon, relative to the lighter noble gases,
than meteorites similar to the rocky material that formed the Earth,”
----- Anderson, E, .Science, 1977

k)
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@
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5,150

6,378

Hypothesis: Xenon is stored in the Earth’s mantle ?
(most likely with perovskite,or silicates) | Sanloup et al, Science, 2005




Xenon Chemistry

Ambient condition Earth’s mantle condition
XeF,, XeF* and Xe,F, O A .
Xl awnpr ¢ Prediction on
/’ o= Xe-O system
_— XeF,. XeF; salts, ’ Xe
— . {\ Pressures(GPa):
- XeF XeFy, Xe, \ I~2 550,100, 120, 150,
—_— Xe\] and Xe,F |5 salts. \ .\_” 180 200 220
XeO,, XeOF, ! !
" 4 131.29
T~ (] e T Stoichiometry:
W XeO, XeO,, XeO;, XeO,

Xenon does exhibit multiple valence state

Grochala, Chem. Soc. Rev, 2007




H tormation [ @V / atom]
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Thermodynamical Stability
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Thermodynamical Stability

04 |-

o2f + A+B — AB

s |A decomposition line B
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té 04l AB 4
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Stable structure must be below all the possible decomposition lines !!



Thermodynamical Stability

04 |-

Convex Hull

A+B—AB

[Eag - (Ex + Eg)]>0 AB decompose
[Eag - (Ep+ Eg)]<O AB is stable

H tormation [ @V / atom]

06 - AB

A B
Stable structure must be below all the possible decomposition lines !!



H formation [ @V / atom]

—a— 50GPa
—e— 100GPa
—a— 120GPa
—v— 150GPa
>l 20[){"‘Dg

Xenon oxides at high pressure  “%;5x¢
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XeO XeO2 XeO4

Zhu, et al, Nature Chemistry, 2013




nawee ARTICLES
Chem].Stry PUBLISHED ONLINE: XX XX 2012 | DOI: 10.1038/NCHEM.1497

Stability of xenon oxides at high pressures

Qiang Zhu'*, Daniel Y. Jung?, Artem R. Oganov'3*, Colin W. Glass?, Carlo Gatti®
and Andriy O. Lyakhov’

g 0 HEE
" X Xe* — Xt = X'
'

All p Orbitals full Toroidal Dumbbell Spherical

Rule:
New stoichiometric compounds might exist under
high pressures ! -- can we predict them automatically?



To predict all stable Uﬁ?z
compositions and structures simultaneously? '?*Fit

s

Q1: How to evaluate the quality of each
structure with different compositions?
Al: Optimization target: convex hull
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Q2: Allow the compositional variation? Compositional space

A3:. Smart variation operators




Algorithm

Enthalpy of formation (W/atom)

Frequancy (%)
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Lennard-Jones system
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Zhu, et al, Springer Series, 2013




Algorithm

A.B,

Lennard-Jones system
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Zhu, et al, Springer Series, 2013




Algorithm

AB,

Lennard-Jones system

Energy per atom, € units
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Zhu, et al, Springer Series, 2013




Applications |Cs-F
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B can Cs* be oxidized further?
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arXiv:1408.5551




Applications

Cs-F

ARTICLES

PUBLISHED ONLINE: 23 SEPFTEMBER 2013 | DOI: 10.1038/NCHEM.1754

natre
chemistry

Caesium in high oxidation states and as a

p-block element

Mao-sheng Miao*

[CsFe)
CsFs Fddd
(Cs)* [Fs) [CSF, ) F'
CsFs c2/m | c2/m
[CsF,]
CsF, 14/mmm
Our results
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2[Cs]*[F,)*
CsF, Pbam
14/mmm . . \
0 25 50 75 100

Pressure (GPa)

Bader Charge of Cs

Can Cs be oxidized further?
Yes. Cs*, Cs3*, Cs>*

But, polyfluoride anions
also contributes!
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arXiv:1408.5551




Applications

PAPER

Cite this: Phys. Chem. Chem. Phys, 2013,

15, 7696

0, 165504 (2013)

View Article Online
View Journal | View Issue

Novel stable compounds in the Mg-0 system under
high pressuret

Qiang Zhu,*® Artem R. Oganov®® and Andriy Q. Lyakhov?

week

PHYSICAL REVIEW LETTERS 19 AP

Pressure-Induced Stabilization and Insulator-Superconductor Transition of BH

Chao-Hao Hu,"** Artem R. Oganov,™ Qiang Zhu,” Guang-Rui Qian,” Gilles Frapper,”

Andriy O. Lyakh()v,2 and Huai-Ying Zhou'

Unexpected Stable Stoichiometries
of Sodium Chlorides

Weiwei Zhang,»2*t Artem R. Oganov,®***t Alexander F. Goncharov,*® Qiang Zhu,?
Salah Eddine Boulfelfel,? Andriy 0. Lyakhow,2 Elissaios Stavrou,” Maddury Somayazulu,®
Vitali B. Prakapenka,” Zuzana Konépkova®

Novel Hydrogen Hydrate Structures
under Pressure

Guang-Rui Qian', Andriy O. Lyakhov', Qiang Zhu', Artem R, Oganov®* & Xiao Dong'-*
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Applications

Diffraction of NaCl
by Brag, 1913

Cl/ (Na+Cl) ratio
0.50

0.75 1.00
P=10 GPa
Ll P=20 GPa
E-1.5
8 -
©-3.0
> 00F
s | P=160 GPa
T-15}F
< !
3.0
0.0 F
as) AN e NaCls, stable from ~20 GPa
3.0[ L

3:1 21 3:2 1:1 1:3 1:7

Zhang, et al, Science, 2013

Stoichiometry






Predicting crystals from motifs oYy
J = e,

Crystal structures are based on the packing of

well-defined motifs
»Molecular crystals

»Polymers P r—" B
»Inorganic crystals </ / qﬁ_%"*‘ decomposition
K
TR -
- L solution | => | United motifs based search
"s 4 o T T - o0  Ppd
Apply Constraints ;
By fixing the chemical connectivity . :
[— S—

NH-CO-C6H4-CO



Applying Constraints sy

C 48172 51613 1.3406
C 40860 47547 0.0594
H 5.8261 47100 13406
H 49782 62554 13387
F 3.0027 55565 0.0590
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Z-matrix | : l \9

| NS

- ‘ }{
| |
! Rotation | Translation
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Internal coordinates

Wryckoff Position P2, /e
Space group: 14 o e
- o || ° de Tk
‘oint group Translation » ﬁ-
3 T “?‘
1. Build the Wyckoff positions 2/m .-
0o, 0, 0
2. Track the symmetry operations (point group + translation) (%32 (0,00 P2,
(-xy-z)  (0,1/2,1/2)
3. Construct the whole molecule

(-x-y,-2) (0, 0, 0)
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Applications: Molecular Crystals

benzene

Long term challenge
high pressure phase of Methane

(111) view

glycine

2*2*2 (100) view

e e

Zhu, et al, Acta Cryst B, 2012




Applications: Inorganic Crystals

PRL 109, 245503 (2012)

PHYSICAL REVIEW LETTERS

S L2 E

R LR
A

4

week ending
14 DECEMBER 2012

First-Principles Determination of the Structure of Magnesium Borohydride

- 1.2, 2.3 Ve 2 - 2
Xiang-Feng Zhou, Artem R. Oganov,™ Guang-Rui Qian,” and Qiang Zhu

'School of Physics and Key Laboratory of Weak-Light Nonlinear Photonics, Nankai University, Tianjin 300071, China
*Department of Geosciences, Department of Physics and Astronomy, Stony Brook University, Stony Brook, New York 11794, USA
SGeology Department, Moscow State University, Moscow 119992, Russia

(Received 2 October 2012; published 10 December 2012)
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block 1: Ca + 2CI
block 2 : H,0
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Variable composition + Molecular crystal structure prediction

Zhu, unpublished




Applications: Polymers

- a

Motlf_based Search Polymer  Method @A) BiA) c(A) B(-) Density
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Zhu, J Chem. Phys., 2014




Applications: Polymers

Motif-based search
“ Bond connectivity
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Applications: Polymers

Motif-based search

\/

* Bond connectivity
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Applications: Polymers

ARTICLE
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Rational design of all organic polymer dielectrics

Vinit Sharma®2, Chenchen Wang'2, Robert G. Lorenzini%3, Rui Ma?3, Qiang Zhu?®, Daniel W. Sinkovits>,
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1, Chemical Exploration
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Low dimensional Systems: Surfaces

Catalysis Morphology

Si(111)-7x7 reconstruction
Wang, PRB, 2004

Diamond (100) -2x1 b-4-d-6-d

Frauenheim, PRB, 1993

Zhu, Phys. Rev. B, 2013




EA In Predicting Surfaces

A

Y

i a

vacuum region

surface region

buffer A
atoms

fixed
atoms

substrate region
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L. Heredity

S =t

2. Mutation

T A

3. Permutation




Main features

Simple input information

e surface atom

e substrate

Diamond (100) 2*1 Diamond (111) 2*1



Main features

Simple input information

e surface atom
e substrate

More intelligent ?

e \Variable number of surface atoms
e Variable reconstruction cell (from 1*1 to N*N)



Predicting Reconstructions with Variable Stoichiometry

20
_. 15 \Ga bilayer
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2 1.0
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A typical phase diagram of GaN (1011) surfaces. | Akiyama, Phys. Rev. B, 2010
Surface stability is function of chemical potential




Surfaces with variable stoichiometry

Surface energy
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Zhu et al, Phys. Rev. B, 2013




Surfaces with variable stoichiometry

GaN: (1011)

Chemical Intuition
Akiyama, Phys. Rev. B, 2010

20

»Variable cell

»Variable stoichiometry
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Surfaces with variable stoichiometry
GaN-O: (1011)

»Variable cell
»Variable stoichiometry
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USPEX: Computational Materials Design

Structure Prediction

System
>Dimension- > Stoichiometry
*0: Nano-particle; 0: fixed; 1:variable

*1: polymers;
-2: surfaces/2D crystals; > Building block
*3: Bulk 0: atom; 1: molecule




What can USPEX do? M, £y
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Vol 45712 February 2009|doi:10.1038/nature07736 nature _ .
USPEX

B: Crystal [ETTERS T Y7

lonic high-pressure form of elemental boron

Artem R. Oganov' ¥, Jiuhua Chen™*, Carlo Gatti’, Yanzhang Ma®, Yanming Ma"’, Colin W. Glass', Zhenxian Liu®,
Tony Yu?, Oleksandr O. Kurakevych’ & Vladimir L. Solozhenko’

’ N \ - 3 » N
J\JWM

_ AY B¢
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Charge separation between B,,-icosahedra and B,-pairs is clear from DOS
(B12)(B2)



B: Compounds

, 165504 (2013)

PHYSICAL REVIEW LETTERS

W
19 .

Pressure-Induced Stabilization and Insulator-Superconductor Transition of BH

AH (meV/atom)

Chao-Hao Hu,"** Artem R. Oganov,>” Qiang Zhu,” Guang-Rui Qian,” Gilles Frapper,*
A]ldl'i}’ 0. Lyak}wus 2 and Hn=i-Yino Zhon'!
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Boron compounds are well know for
»Superconductivity,
»Thermal ellectrics

»Mechanical properties




B: 2D Crystal S
i,

2007: Tang et al. (PRL) construct alpha-sheet.
2011: Luo et al. (JACS) confirm alpha-sheet.
2013: using USPEX, we find two MUCH more stable 2D-structures.

Structure 1,
60 meV/atom better

Structure 2,
80 meV/atom better

alpha-sheet



B: 2D Crystal

PRL 112, 085502 (2014)

PHYSICAL REVIEW LETTERS

week ending
28 FEBRUARY 2014

Semimetallic Two-Dimensional Boron Allotrope with Massless Dirac Fermions

: L2, 5 1.2 234 : 2 . o5 g L6
Xiang-Feng Zhou, Xiao Dong, "~ Artem R. Oganov, Qiang Zhu,” Yongjun Tian,” and Hui-Tian Wang
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week ending

B: Surface Al
A

PRL 111, 136101 (2013) PHYSICAL REVIEW LETTERS 27 SEPTEMBER 2013

Conducting Boron Sheets Formed by the Reconstruction of the a-Boron (111) Surface

Maximilian Amsler,l Silvana Bl:rtti,2 Miguel A.L. ]f'u’larques,2 and Stefan Goedecker'**

' Department of Physics, Universitit Basel, Klingelbergstrasse 82, 4056 Basel, Switzerland
*Institut Lumiére Matiére. UMRS5306 Université Lvon 1-CNRS. Université de Lvon. F-69622 Villeurbanne Cedex. France

TABLE I. The surface energies of the unreconstructed (111}-

1
i 2 I, reconstructed (111)-Ig oy, and (111}-Ig ;) structures by
3 using different functionals, in units of meV,f'Jig.
Surface (111)-1 (111)-1g o [(111)-1p .. | Reference
PEE  219.29 170.64 128.23 This work
21880 170.61 26
HSE 24843 197.20 136.79 This work
247.50 196.31 26
—

va@va

----------- ki

Minima Hopping USPEX



B: Nano clusters

NATURE COMMUNICATIONS | ARTICLE

Planar hexagonal B5g as a potential basis for
extended single-atom layer boron sheets

Zachary A. Piazza, Han-Shi Hu, Wei-Li Li, Ya-Fan Zhao, Jun Li & Lai-Sheng Wang

Affiliations | Contributions | Corresponding authors

(G, *A")
14.69
(1.17)

I (C,. "A)
3230
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OUTLOOK
Computational Materials Design




Searching for materials with target properties

Hybrid optimization:

Properties:

(hardness, bandgap, thermal
electricity, high/low K)

Local Energy

Property landscape
instead of energy landscape




Superdense carbon allotropes

(1) Denser than diamond O
% (2) sp? hybridization Densrty
L (3) superhard
ﬁi (4) huge refractive indices (up to 2.8!)
= L L1 (5) strong dispersion of light
(@) (6) tP12is the widest-gap form of
carbon (7.3 eV)

K A7 208
\

RS COET==
E * "E§ E%@ TABLE II. Energy relative to diamond (4E), volume (V), bulk modulus (Bjp), average bond length (),
: >> /E< ? hardness(H), static dielectric constant ¢; for the investigated structures. Experimental data are in parentheses
: > &/ SE v By d H Band gap
T w " Allotropes  eV/atom A% /atom GPa A GPa eV €
®) Diamond 0 570(5.68) 431.1(446) 1.545(1.54) 943 (9645 5455 3.57(5.68)
Lonsdaleite  0.024 5.71 4373 1.548 93.2 5.0 5.52
;:% = M-carbon 0.159 597 392.7 1.551 89.8 5.0 5.52
s bet-4 0.196 6.01 4114 1.549 91.1 38 542
I e do ol bc8 0.697 5.60 389.6 1.588 38.8 3.3 6.67
s - %ﬁ? hP3 1113 5.49 4327 1.603 87.6 3.0 773
& —~ ¢§Q 12 1.140 5.48 425.0 1.603 87.2 3.5 7.87
- — S P12 0.883 5.64 396.0 1.583 88.3 13 7.08
f d

@ - Zhu, etal., PRB, 2011




All of the hardest structures are sp3-hybridized

Hardness, GPa

Superhard carbon allotropes
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Structure number

Simulation for carbon, 16 atoms/cell

Hardness

Structure heI;rr;Icr)lc;zs, Enthalpy,

GPa eV/atom
Diamond 89.7 0.000
Lonsdaleite 89.1 0.026
C2/m 84.3 0.163
14/mmm 84.0 0.198
Cmcm 83.5 0.282
P2/m 83.4 0.166
12,2,2, 82.9 0.784
Fmmm 82.2 0.322
Cmcm 82.0 0.224
P6.22 81.3 0.111

Lyakhov, et al., PRB, 2011




Enthalpy of formation (eV/atom)

High Energy Density Materials
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USPEX: Computational Materials Design

System

»Dimension > Stoichiometry

*0: Nano-particle;
*1: polymers;
»2: surfaces/2D crystals; »Building block

0: fixed; 1:variable

*3: Bulk 0: atom; 1: molecule
Target
» Density »Band gap
»Hardness »Magnetic moment

» Dielectric constants »Super capacitor




MATERIALS
PROJECT Structural Search

A Materials Genome Approach B ig data

Accelerating materials discovery through advanced Mach i ne Lea rn i n g

scientific computing and innovative design tools.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

H | ~ Element - He
Atomec No. 14

51 |55 Silicon BlcIn|lol|F|Ne
NEinl:l_.ﬁl

Chemical Space , -
H_E‘..a_Ec Ti v O Hn_Fa_En_ Hl_Eu_En_Ea Ge As Se_ Bl_ Er

Es_Ba_Lu Hf_Ta_W_FIa_ﬂ:_ Ir_Ft_ﬁu_Hn_ TI| Pb Bi_F’n_m_Hn
Fr Ra Lr RF Db Sg Bh Hs Mt Uun Uusu Uub Uut Uuq Uup| Uuh Uus | Uuo

Target Property

Ab St Y | 2 Nb Mo| Tc Ru Rh Pd Ag Cd In Sn|Sb Te | |Xe

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm ¥b
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md| No




USPEX: Computational Materials Design

System

»Dimension > Stoichiometry

*0: Nano-particle; 0: fixed; 1:variable
*1: polymers;

-2: surfaces/2D crystals; » Building block

*3: Bulk 0: atom; 1: molecule
Target
» Density »Band gap
»Hardness »Magnetic moment
» Dielectric constants »Super capacitor

&

Transition Path Sampling




Features of the USPEX code:

Algnrlthm

Evolutionary optimization (USPEX algrorithm). Options to use random sampling,
minima-hopping-like, particle-swarm optimization, metadynamics-like algorithms.

. Jlimhag_zatﬁmn using fully random, symmetric random structures, or user-fed structures
seeding).
«  Fingerprint niching technique, local order parameter (ARO&Valle, 2009). Graph theory

gg%ﬁ”mwﬂs model for analyzing topology. New varnation operators (Lyakhov & ARO,

Types of runs:

+  Global optimization of either the energy or properties (density, hardness, band gap, etc.)
+  Fixed-cell or variable-cell, fixed-composition or variable-composition runs are possible.
+ For molecular crystals, can operate with ready-made molecules.

Software aspects:

« Interfaced with VASF, SIESTA, CP2k, QuantumEspresso, DMACRYS, GULF.

+ Excellent parallel scaling on up to =104 CPUs.

Analysis:

+  Automatic detection of space groups.

+  Benefits from powerful analysis and visualization code STM4.

Distribution:

« USPEX code is freely available at: http://uspex.stonybrook.edu

+  Code distributed with a 50-page manual and ~21 tutonals/tests.

» USPEX Users and Developers Community (=1400 people) > 2000




Past workshops sl

S L2 E

2011 June, Poitiers, France
7 days

2.5 Days DFT

3.5 Days in USPEX
Lectures + tutorials

1 Day excursion

2011 August, Xi'an, China
3.5 days (Lectures + tutorials)
1 day social program




Past workshops Sy
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2012 October, Lausanne, Switzerland
4.5 days (Lectures + tutorials)

2012 December, Stony Brook, US
4.5 days (Lectures + tutorials)




Past workshops Sy
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The 5th International Workshop on Evolutionary Structure Prediction Using the USPEX Code
August 3-8, 2013, Guilin, China

2013, Guilin, China, 4.5 days
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2014, Xi'an, China, 2.5 days
(for experienced users)




7th workshop in IUCr congress ¥
P 9 A

CONGRESS AND GENERAL ASSEMBLY
OF THE INTERNATIONAL UNION OF CRYSTALLOGRAPHY

RD
2 ; CONGRES ET ASSEMBLEE GENERALE

DE L'UNION INTERNATIONALE DE CRISTALLOGRAPHIE Half-day WorkShop’
Aucust 5 - 12 Aoar 2014 MontreaL, QuEsec, CANADA 2 hours Iecture
2 hours tutorials

IUCr

- 5 W, C
!& for Crystallography (CNCC)

.*I National Resoarch  Conseil national
Council Canada da racherches Canada



-7 Oganov’s Lab
Home Laboratory USPEX A.R.Oganov New Materials New

COMPUTATIONAL MATERIALS DISCOVERY LABORATORY Minerals

qﬁi . Overview

Universal Structure Predictor: Evolutionary Xtallography

What is USPEX?

USPEX (Universal Structure Predictor: Evolutionary Xtalloraphy...and in Russian "uspekh™ means "success” - owing to the high success rate and many useful results
produced by this method!) is a method developed jointly by Atem R. Oganov, Andriy O. Lyakhov, Colin W. Glass, Qiang Zhu, and others implemented in the same-
name code. The problem of crystal structure prediction is very old and does, in fact, constitute the central problem of theoretical crystal chemistry. In 1988 John
Maddox wrote that:

'One ofthe continuing scandals in the physical sciences is that it remains in general impossible to predict the structure of even the simplest crystalline solids from a
knowledge of their chemical composition solids such as crystalline water (ice) are still thought to lie beyond mortals’' ken"

USPEX method/code enables crystal structure prediction at arbitrary P-T conditions, given just the chemical composition of the material. Today, USPEX is used by
over 1600 researchers worldwide. The popularity of USPEX is due to its extremely high efficiency and reliability. The First Blind Test of Inorganic Crystal Structure
Prediction shows that USPEX outperforms other methods in terms of efficiency and reliability. In addition to crystal structure prediction, USPEX can work in other
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