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Where everything starts ) \'X,\)

"The underlying physical laws necessary for the mathematical
large part of physics and the whole of chemistry are thaus c tely

known, and the difficulty is only fhat the exact agpls M f these laws
leads to equations muchk to@ licated to\besoluble.”

- Paul Adrien Maurice Dirac

. (1929)
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The Wave Function and Schrodinger’s Equation
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and miy X mputed ,from first principles” (ab initio)







Reasons for Computational Materials Science \)
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plane-wave- hke
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t ermo C rope e ergies, heats of formation,
ersmn nergy, entropy, heat capacity)

chamcal and other properties
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Theoretical Calculation of Formation Enthalpy \)

solid as ( \
AG = AH - TAS ~ AHzAE\QQ

a rock
density- functlon c les) t Q y calc tions
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5@ solzd c / different structure types
ediction w ure phases
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Platinum Nitride: “PtN”
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= 37245 GPa

chemical analysis:
PtN,_, with x <0.05

gGregoryanz C. Sanloup, M. Somayazulu,

\\ J. Badro, G. Fiquet, H.-K. Mao, R. J. Hemley,
RWIh Nature Mater. 2004, 3, 294 I : c




Platinum Nitride: the Obvious Discrepancy \)
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product phase 1s
less dense than
the elements!

Le Chatelier’s principle violated
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Platinum Nitride: E (V), H (p)

Fe E)R@:Ien’lents
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J. von Appen, R. Dronskowski,

Angew. Chem. Int. Ed. 2006, 45, 4365 'Ac




“Platinum Nitride”: Experimental Realization \)

by repeating the 2004 experiments of Gregoryanz et al.: (
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) Q compoQ“Nz, not PtN

\ ' 1te [FES,] structﬁtype

1') tice parai\eg@ 8 A

very la modulus

?‘@ they still call it a “nitride”

J. C. Crowhurst, A. F Goncharov, B. Sadigh, C. L. Evans,
P. G. Morrall, J. L. Ferreira, A. J. Nelson

Science 2006, 311, 1275 'Ac
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ab initio Thermochemistry ‘\)

Thermodynamic properties including temperature: g%\
lattice vibrations (phonons) — GlbbN@

}O};F(T V)+\)(\
\g V) E(@@(T V) ed

on free

we only n e‘u@r e phonon frequenaes ®

mlh = also heat capacity and entropy
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How to obtain the phonon frequencies ‘ \)

1. Calculation of the forces F , acting on the atoms when ‘6\
other atoms are slightly (u,= 0.01 A) dislocated “e

\
2. force constant matrj é@\) wi = = (\
3. dynamical‘@“ W A Q%QE (7= 7))
@ eX
isatio of ?\86
D <10/¥ ) —Oag

(> 50 atoms),
demand of computational time

“Wlh\\ and memory (scaling = N2-3)




Project ELSA

Together with &" and others: (6\"ﬂ

Computational modelling and preparation of the¢

high temperature superc@or YBa2 %\
Our (qu \s %mcal) a “
Predict moche %) ntlals where there
1 n ex ental@éﬁ
Flrs omparl ‘&1 ties of compounds with known
therm x@c properties
\(ﬁ;:a O, BaO, BaO,...)
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Heat Capacity

X ——C, (Ba0,) calc. |

£ == Cp (BaO,) exp. | 1
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Free Energy e ]
F (T) at different V (96-110%) 2: 6\‘*

= F (V) at different T

G, ., (kJ/mol)
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Summary
¢\ﬂ
- ab initio total energy calculations: access to AH (p&“@(

- lattice vibrations: T-dep thermoc 1 operties,

access %
- good esti &Q( entropy a @9 acity o ds
4{ now MO ynamlcﬁ rties

d ing of usEo pounds (e.g. oxygen)?

G (p,T) with exp. data

\\ﬁz ermochemical data




For more information:

[ = e

¥, T+ L "‘q_'f"—-r..-m-nln---H-m-

i # Pl mant

RWTHAACHEN  Prof. Dr. Richard Dronskowski
UNIVERSITY o st nd Qusniom i

‘Home People Research Teaching Laborgtories Qis

i e R 4 P 1.,‘

ST A e W
e .

] -
e i

E..: “.”:_*‘ B ¥ 2

] Mt madn K (A iapan ¢ T




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



