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* Periodicity.
| Unitcell.

e Atom positions.
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=—Disorder in 2D objects.

2D SiO, “glass” on graphene sheet  O,C-doped (graphene-like) BN sheet
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el O @ all, Nathitrg, 2010,

ring §tructqres, atomic substitutions &
building units & compositional variability
coordination sequences

angles & distances

a) Zachariasen W.H., J. Am. Chem. Soc., 1932.
b) Lichtenstein L. et al., J. Phys. Chem. C, 201 2.
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Cemhty
= Disordered materials

e Metallic alloys: steel (Fe + C), bronze (Cu + Sn),
alloy steel (Fe + Cr, Cu, N1, Mo).

* Semiconductors: n-type (S1+ P), p-type (S1+ B).
» Superconductors: Nb+Til, YBaCu O_ |

e (Glasses and many-many more...
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Experiment:

Diffraction vs

: dsin0
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Average over many period of the structure. Sum of individual contribution of
all local environments

Two different type of information!
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=" Research work-flow

Molecular strutcures and properties of crystalline materials can be calculated with
quantum mechanics (eg, density functional theory, DFT: up to a few hundred atoms)

Reference crystal
systems

Ref. structures

DFT calculations
struc. refinement, NMR...
CASITIEE
«Real»
Validation material
structure

Spectral simulations

Dft2nmr Data analysis
4 \ ¥ DMfit
: . program
SIMPSON  SpinDyn (CEMHTI)

program program

Experimental data
nuclear magnetic resonance (NMR)
X-ray diffraction

(From literature, or collected at CEMHTI)

mmm Exjsting program inter-operated with ExaviZ
mmm Program developped within ExaviZ




— Research work-flow

Molecular strutcures and properties of crystalline materials can be calculated with
quantum mechanics (eg, density functional theory, DFT: up to a few hundred atoms)

pemht"

Structure-property

Reference crystal Building complex analysis
systems molecular models statistics on local:
e coordination

e angles
Supercell e distances...

Viodel 7 structure relaxation, Dft2table

Ref. structures

DFT calculations

struc. refinement, NMR... energy, NMR...
CASIEE,
«Real»
Validation Validation)=1:1% material
structure

Spectral simulations

Dft2nmr Data analysis
y A e | . DMfit program _Sp ectr_‘al
SIMPSON SpinDyn = (CEMHTI) simulations

program program

Experimental data
nuclear magnetic resonance (NMR)
X-ray diffraction
(From literature, or collected at CEMHTI)
mmm Exjsting program inter-operated with ExaviZ
= Program developped within ExaviZ
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The properties (optical, electronic, catalytic...) of many crystalline materials result from W\
the presence of defects in their structures.
| Real structure Average structure N
= with real atoms (or vacancies) (as determined by classical crystal- W
° structure-determination methods)
.
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o @® Basic unit cell
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CemhlfStructure averaglng

i"?’.-i' The properties (optical, electronic, catalytic...) of many crystalline materials result from

7A the presence of defects in their structures.
Real structure Average structure
|| = with real atoms (or vacancies) (as determined by classical crystal-

\ structure-determination methods)

Basic unit cell

® Mixed composition
° site occupied at:
[

o -67% by : :
Random repartitions of @, @, ® and X - 33% by :

«Complex» crystal W|th atomlc substitutions and vacanmes
i, T eezvveeey i

[
. :
Fractional occupancy
® only 50% of sites occupied
PY by . (others are vacancies)
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Cem}'lto Supercell: Disorder

modeling in crystals

The properties (optical, electronic, catalytic...) of many crystalline materials result from
the presence of defects in their structures.

Local structural models
with real atoms: necessary to
Average structure predict local (eg, NMR) properties
(as determined by classical crystal-
structure-determination methods)

Supercell

./

/

Basic unit cell

Fractional occupancy
only 50% of sites occupied
by (others are vacancies)

Mixed composition
site occupied at:

-67% by :
- 33% by :

K Ofkhotnikov, S. Cadars, Manuscript in preparation
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Cemhli DFT2NMR:

Spectra simulation

Comparisons between experimental and calculated spectroscopic data require
spectral simulations (no existing user-friendly interactive tool for NMR data).

Integration of existing simulation tools

E ,- \(Q, X r . SpinDyn
N ~ - N \ program  DMfit program ®
] w2y} SIMPSON (CEMHTI)
- I—1-|30I B I—Z{I}GI - Izlm I Izlzol - I—2|30I B I—zilml - program
Sites | Exp. Param. Simulation Post Processing | dmfit | File info
Dimensionality [1D & \\ /

o (FiaD g th2nmr

DMFit Model | Gaus/Lor

General parameters

Parameter Use Value [}Jnit Simulated NMR Spectra

Nucleus & spin:
Larmor Frequency a MHz
Spinning Fregquency u kHz
shielding to shift conversion & 6= /-1.0000 | *o+ C
Arbitrary model_speciﬁc parameters (]) M. Bak et al., ._]. Magn. ReSOn., 2000, ]47’ 296’330.
. (2) Stevensson B. et al. J. Chem. Phys. 2011, 134, 124104.
Parameter Use Value Uni |~

(3) D. Massiot et al. Magn. Reson. Chem., 2002, 40, 70-76.
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Calculations Analysis

» Validation after full analysis.

 Permanent condition during simulation.
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Research flow

Cemht
m——

Interactive

Calculations pmmmsl  Analysis

Validation

Experiment ., BEWCGEINAIE

. /

e Validation during analysis.
e Change condition during simulation.
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- ~FlowVR library (INRA-LIFO)

e Fast
 Flexible
e Universal

e Work over network

Modules Exaviz

Calculations: MD
Gromacs

Visualization: OpenGL,
CAVE, Qt

Analysis: NMR spectra,
Diffusion etc.

Interaction: CAVE, Qt



OWVR + Material science

1l Spectroscopic data is central for the charcaterization of biomolecules or materials.
Tools are needed to compare interactively experimental spectra & simulations.
| |
“lowVE
Molecular dynamics
Simulation
current frame
N 3D molecular
I visualization Visual analytics
] Hyperball,
11 Avogadro... 4 Qleran
] s Spectral
= I N visualization
[ Crystal
| = manipulation B Spectroscopic
] polygons, periodicity, SURE response simulation
[ ] symmetry...
1 u Dft2nmr
S B
4EEEEEN EEEEEEEEQIEEEAN T A 11 M
ZME
BT Materials model Experimental spectra «ab initio»  spin dynamics
%‘ construction (eg. NMIR) calculations (for NIR)

l w0 be developed === Module under construction === Module ready for release
4+
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... “NMRVis modules (CEMHTI-LIFO).

A first prototype has been designed to calculate and display NMR spectra « on-the-fly »
Broadening(ppm): @

during molecular dynamics simulations of biomolecules
Atom Symbol:
2 —
Selection ]
structure A= .
Post-processing = Aliphatic

Wilale[e\YAY atom, residue...
NMR peak(s)
/ (line broadening)
Nucleus selection \__/
i (::

/ (130’ 15N, 1H)

Structure
gl calculation
o—_l —
2[|)0
TextLabel

TextLabel

Aromatlc J\
1 so 1 ao

Structure
preparation
Empirical calculations of NMR properties (eg. ShitfX2")

current frame
Molecular dynamics moderate accuracy, but fast (a few sec. for ca. 10° atoms)
(currently no equivalent for materials)
(1) B. Han et al., J. Biomol. NMR, 2011, 50, 43-57

Simulation




ucer_'__@ﬁa!ﬁ"clusion and prospective.

Implemented.
e Software tools for building complex system: supercell, dft2nmr.

e NMR calculation and FlowVR visualization module was
developed using statistical prediction approach.

In process
e Integration of the NMRVis module to ExaviZ workflow.
 Integration of Ab-initio NMR spectra calculation to ExaviZ.
* User interactions with spectra and molecules.

e Other physical properties implementation.
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Thank you very
much for your attention.
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