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Ag* coordination number (CN) in water: experimental works

Intro

CN=2+2 CN =4 CN
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LAXS and EXAFSI1] Neutron diffraction(22] !
EXAFSI4.5] EXAFSI¢l
[2] Skipper et al. J. of Phys.: Cond. Matter 1989, 1, 4141
[1] Persson et al. Inorg. Chem. 2006, 45, [3] Sandstrom et al. J. Phys. C: Solid State Phys. 1985, 18, 1115 [6] Fulton et al. J. Phys. Chem. A 2009, 113, 13976
7428 [4] Yamaguchi et al. T. Acta Chem. Scand. 1984, 38, 423

[5] Tsutsui et al. J. Phys. Chem. A 1997, 101, 2900
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Ag* coordination number (CN) in water: theoretical works

Intro

CN=5 CN=6

QM/MMI Monte Carlof®!

Ab initio MDI2-4] Ab initio MD!7-8]
[1] Armunanto et al. J. Phys. Chem. A 2003, 107, 3132
[2] Spezia et al. Phys. Rev. Lett. 2003, 91, 1 [6] Dubois et al. J. Phys. Chem. B 2001, 105, 9363
[3] Spezia et al. J. Chem. Phys. 2004, 120, 5261 [7] Leung et al., J. Chem. Phys. 2009, 130, 204507
[4] Vuilleumier et al., J. Chem. Phys. 2001, 115, 3454 [8] Blauth et al. Chem. Phys. Lett. 2010, 500, 251

[5] Li et al., J. Chem. Theor. Comput. 2015, 11, 1645
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Ag* coordination number (CN) in water: theoretical works

Intro

CN=5 CN=6

Challenges: < reproducing CNs < 4 within the experimental bond distance

 reproducing asymmetric coordinations (linear)
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X-ray absorption spectroscopy (XAS)

EXAFS data analysis

Results

"EXAFS: high-energy part of a XAS spectrum

Fitting for fixed CNs between 1.7 and 6.0:

1.5e-006

1e-006

5e-007

Minimum residue between experimental and fitted spectra for CN = 2.0
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X-ray absorption spectroscopy (XAS)
EXAFS data analysis

Results

"EXAFS: high-energy part of a XAS spectrum

" : Best-fit results:
Fitting for fixed CNs between 1.7 and 6.0:
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X-ray absorption spectroscopy (XAS)
XANES data analysis b ¢ Results

XANES: low-energy part of a XAS spectrum.

Sensible to 3D displacement around the metal.
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Car-Parrinello MD

/\ / /\ Results
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CPMD confirms the linear coordination
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Classical MD

Three-site model with virtual sites (VS) Results
\
PN P
/‘? oLo ¥
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CN rAg-O (A)
2.0 2.34

VSs allow the reproduction of the experimental coordination
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Evidence for a linear coordination of Ag* in water: a X-ray absorption

spectroscopy, classical and ab initio Molecular Dynamics study
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__J XANES data analysis
INTRODUCTION > 4
CN=2 CN="2+2" CN=4 CN=6
1.1 1, 11

Ag* coordination in water is still an open issue, in particular its coordination number (CN).
The earliest X-ray absorption spectroscopy (XAS) works reported a tetrahedral
coordination, but later also CNs of § and 6 were proposed.'? In a more recent sludy, a

distorted "2+2" model the possibility of a linear coordination. 00
Classical and ab initio Molecular Dynamics (MD) works report high CNs (5 — 6).4% These
authors underlined the difficulty in reproducing low CNs within the experimental Ag-H,0 08
bond distance: if the bond is lengthened, also the CN increase. In addition, simple
spherical Ag-H,0 potentials can not provide asymmetric (e.g. linear) coordinations. 0 s 100 e 7 % w0 %o E i
E-EgfeV) E-EjfeV) E-EjfeV)
Flg. 3. XANES dala fttingfor difforont Ag™ coordinations
@ AlM Best fit for the linear coordination.

* Obtain a definite picture about Ag* coordination in water. Ab initio MD simulation

+ Study the reproducibility of the experimental evidence in MD simulations.

P METHODS

+ XAS dala analysis
EXAFS {X-ray absorption fine structure) and XANES (X-ray absorption near edga structure) parts of the
spectrum collected on 2 M AgCIO, in water analyzed with GNXAS and MXAN codes, respectively.

7

Thank you for your attention

Leasl-squares fils carried oul oplimizing slructural and non-structural parameters and agreement with Fig. 3. Ag.O radial dstribusion fnction (lef] and snapsho (right) from the CPMD simulation.

7 g Please come and visit

) Classical MD simulation AN

experimental data expressed as a residual function R,,,

|

« Ab initio MD
« CPMD method and software
« Box: 1Ag* + 100 water molecules
+ BLYP functional, MT pp (70 Ry cutoff). Grimme's correction for dispersion
+ 4 ps equilibration, 30 ps production run in NVT (300 K)

+ Classical MD vs1 Ag vs2 |
i m=30u m=30u /
+ Throo-site modol + 270 SPC/E waters 2
+ 15 ns NVT (300 K) ’ M
+ Gromacs software = -
09A -
RESULTS

- Fig. 4. Ag-O radial distribution function {left) and snapshot {right) from classical MD simulation with the
) EXAFS data analysis <

hrou-sile mudel.
1.58-006 P Tab.3. Ag’ coordination ed
CNay Ry (A)  vith the three site mac
2.0 2.34
/J ‘ CONCLUSIONS
sao0r
Total « EXAFS and XANES analysis suggest a linear coordination (CN = 2) of Ag* in water

/\,\ i

and a Ag-O bond distance of 2.34 A.

Ris'dual « Linear coordination is confimed by the CPMD simulation, but and underestimated

Ag-O bond is obtained.
+ The three-site model the i ination in classical MD.
. . ; N = 20 (g
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Inversion boundaries in ZnO

(0001)-zn (0001)-0
. Inversion boundaries (IBs) are the ¢ o o -
most common type of planar YAVAVAVANRAVAVA o
faults causing inversion of P
: ANAVAVANRNVAVAY

polarity: head-to-head (—|«) or

tail-to-tail («-|—>) VLV ;\‘ \/N/N/\/
. they are triggered by the addition fe\ fo\ /\ \VAVAVAVAV/ -:.:;-ka5+
of specific IB-forming dopants: aAv'vas - - - - 'Y
In,O,, Fe,O., Mn,O,, Ga,0., SiO

PO i G Fyvvvvvveyv)
Sn0,, TiO, and Sb, 0,
. IBs predominatly lie in basal AVAVAVAVAVAVAN

planes  (b-IB), but with some Lo\ Lo, /\ VAV Zn?
dopants they occupy pyramidal JAVAVAVAVAVAN

planes of ZnO structure (p-I1B)

(0001)-0 termination

0% ©2Zn* @ Sb* [] Zn-vacancy



Translations of head-to-head b-IBs

Depending on stacking sequence,
there exist three possible translations
for basal-plane head-to-head (—|«)
IBs:

1 Only inversion of ZnO domain from
selected (0001) plane. Determined by
Hoemke (2017) for Mn-doped ZnO.

> Stacking fault followed by inversion
of translated domain. First reported by
Recnik (2001) for Sb-doped ZnO.

3 Double stacking fault followed by
inversion of displaced domain.
Reported by Walther (2006) for Fe-
doped ZnO.

~’ Translations can be followed in the O-sublattice.
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Translations of head-to-head b-IBs

. They can be produced from pure
wurtzite ZnO or through preceeding

SFs, followed by inversion.

0605%0°%9%%%
262620252520
2626%0 %0209 %%
262590505 0%

... AB—Ba—AB—Bo—A-B-C—yA—-aC—yA—aC...

0u 90 92
'o 0'0 o‘o 9 %o "0
q;q;q;ﬂb;%;?
024 2q g BTV
2g2g%y 07070

... AB—Bo—AB-Ba—-A-B-C—yB—pBC—yB—BC...



Translations of head-to-head b-IBs

DFT
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. am,” Q

9 .9.9.0
90,00,
9999
90,00,
9909
o088 @
aOOOO

wurtzite [100]

°® ‘9 °® °
Oo‘o\‘o‘o
‘® ‘0-°0 "0
OoCoCoCo
R OoO
z @ Oo‘ o
cffff
P'o‘o <3

0 ‘0 0 o
0o

Model 1

... AB—-Bo—~AB-Ba—A-y-B—A-aB—BA-aB ...

—B(x—AB—Ba—AB—Ba—AB—Ba—AB—B

.. AB

0,0,0,0,
D999
90,00,
D999
0, 9,0,0,
o600
o0’
0ee
°® °0 ‘0 °0
6o
9 °0 ‘0 °0
0o

‘O
‘6
'0 P 'O
6“3
LA = J?OT
o’ 0 o
‘s °0 ‘0 0
0o
‘e "0 ‘0 °e
000

00
‘e’

00
e’

Model 2

... AB—Ba—AB—Bo—A-B-C—yA—-aC—yA—aC...
... AB—-Ba—AB-Ba—A-B-C—yB—BC—yB—PC...

... AB—Bo—ApB-Ba—Ay—Ca—Ay—Ca—-Ay-C...
... AB-Ba—ApB-Ba—Ay—Cp—-By—CB—By—C...



Translations of head-to-head b-IBs

- Two more translations have been

reported in literature ..

... that would produce two further IB models:

(not yet reported)
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DFT of IB-Sb

. Quantum-Espresso, PBE approximation, Ultrasoft pseudopotentials
- Supercells with 8 atomic layers on both sides of IBs; 216 atoms (6 H atoms)

o o —

Y Y IV Yo $242424°
Y Y I Y W“*“‘4
O Caxis Aads—= | <SmER 4 —

%_______________________i § § § '[120]

@0 ozn** asSb>* oH*

-H+ @O @Zn* @ Sb>



Results IB-Sb

- All calculations converged; structure of ZnO is preserved

Contraction along c-axis in the oxygen sublattice for Model 2

DFT relaxed HRTEM, Recnik et al (2001)
-0.516 + 0.001 A -0.53+0.05 A
AOx =0.0976 + 0.0002 AOx =0.102 £+ 0.01

2.604 A 2.088 A

—
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3™ translation model turned out to be the most stable one
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Experimental proof for the DFT result
- translations in Sb-IBs

HRTEM images of IB in Sb5>*-doped ZnO
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CONCLUSIONS

DFT result are in good agreement with experimental ones

DFT revealed that the third model was most stable for Sb, which
was then experimentally confirmed



Ab-initio study of proton transfer reaction between H,O* ion and volatile
organic compounds related to cork-taint in wine
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Volatile organic compounds in wine

Volatile organic compounds (VOC) are the chemicals that
easily become vapors or gases.

VOC:s are emitted as gases from certain solids or liquids.

A set of undesirable smells or tastes found in a bottle of
wine i1s referred to a wine fault.

VOC:s 1n wine: Chloroanisole, Bromoanisole and
Chlorophenols along with many others.

Detection techniques require to be very fast and
detection limit as low as pptv.




Proton-Transfer Reaction Mass Spectrometry (PTR-MS)

Turbopump

Vacuum

lon Source

) 1

H,0 Air + VOCs TRITEOPLRR

Proton transfer reaction in drift tube :

H,0"+ M = MH* + H,O [MH/H,O0T =1/l * = KM]t

MH+ "H30

K = rate coefficient, t = reaction time



Theoretical models

lon-molecule collision:

s T T
B A i i P

aq / T_’ \\\\\\\
K= |

Average dipole orientation:

_ |nag® CHpQ 1
Kapo= + 5 T
e, €, TIUK

c i ib°.‘. -
e, i T -

Trajectory1 <« — — — — — =

Capture rate coefficient:

@

K oap =K X KC(T,E)

Trajectory 2 = X \
~_
Colli

sion here



Method and Results :

> Dipole moment and polarizability of
the molecules are calculated using
Quantum ESPRESSO code.

> DFT functional BLYP and Ultrasoft
Pseudopotentials.

> lon-molecule reaction rate coefficients
(Langevin, Average dipole orientation
and parametrized Trajectory method) at
300 & 380 K between H.O" and VOC

under PTR-MS working conditions.

Compound
name

2,4,6-TCA
2,4,6-TBA
2,3,4,6-TeCA
2,4-DCA
2,6-DCA
Octen-3-ol
Octen-3-one
MDMP
2-MIB
Geosmin
Guaiacol

PCA

Up

(Debye)
1.41

1.44
1.59
3.45
2.17
1.57
3.07
1.18
1.47
1.37
3.00

1.38

a
(A°)
21.47

25.67
23.58
19.12
18.53
17.12
16.43
16.88
20.31
22.02
14.84

26.10

T (K)

300
380
300
380
300
380
300
380
300
380
300
380
300
380
300
380
300
380
300
380
300
380
300
380

K

Langevin

10°cm?3s?
2.58
2.78
2.70
2.46
2.42
2.37
2.33
2.34
2.54
2.64
2.21

2.82

K

ADO
10°cm?3s?

3.09
3.09
3.26
3.27
3.27
3.27
4.19
4.19
3.41
3.41
3.01
3.01
3.89
3.89
2.70
2.70
3.09
3.09
3.14
3.14
3.75
3.75
3.26
3.26

K _(com)

cap

10°cm?3s?

2.73
2.71
291
2.89
2.88
2.86
3.84
3.72
2.89
2.85
2.61
2.59
3.56
3.45
2.46
2.45
2.71
2.70
2.78
2.76
3.45
3.34
2.94
2.93



KE_ VS Reduced electric field

o0& 2,4,6-trichloroanisole —e—
2,4,6-tribromoanisole —eo—
. . . ) 2,4-DCA —=—
- Kinetic energy is a function of E/N o ksckilda albadife= il
for collision between H,O* and
different molecules. |
ke
|.u°
X
03 |
0.2 |
Td = townsend e éo 160 1|20 1;10 150 1I80

1Td=10%V. cm? E/N (Td)



Rate coefficients vs KE__

> Variation of rate coefficients with KE_ . at

different internal temperatures. .,

2,4,6-trichloroanisole
- 2,4,6-tribromoanisole —e—
Temperature = 300K 2,4-dichloroanisole
1-Octen-3-one «:wrereee
a4t e, 2-methoxy-3,5-dimethylpyrazine
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Conclusion :

The rate coefficients predicted using ADO depend uniquely on the dipole moment and
Polarizability and independent of temperature.

Where as rate coefficients by parameterized trajectory method show small variation with
temperature.

Rate coefficients obtained form parameterized trajectory method remain constant with
internal temperature (E/N>120 Td).

Overall rate coefficient decreases with increasing center-of-mass kinetic energy.
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Response of GaN to sequential ion

irradiation
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Track formation with swift heavy ions

[1]

electrons
—i—
—
o
—
()]

1nm In-situ experiments at the
e £ :
Stage 1: Energy deposition on electrons (e) correspondlng time
- generation of primary-electrons
- ionization
- creation of a Coulomb field

Stage 2: Plasma formation
- electrons cascades
- screening of Coulomb field

- thermalization J Auger
electron temperature ~40 hims spe thOSCOpY [3]
Stage 3: Energy transfer to the lattice bolllna melting
« electron-phonon coupling
» thermal spike
* atomic temperature increase
* shock wave generation
quenching
sputtering of
atoms [4]
Stage 4: Lattice processes
* cooling of thermal spike
« radiative decay
«» electron-hole
* recombination
» pressure relaxation
Latent track Latent track
In Y;Fes0y, UL formation




Analytical thermal spike model

e (5w Sonemconal,
thermal wave[2]: P2 |
Q0 e B
AT(}"’Z') — > e “ (2) EE | é\
zTa (1) e T — \
conservation of energy: o . .
2 —-10 -5 0nm S5 10
gS, = pcOQ+ prR°L=pcQ w
condition of trace formation:
2
¢ pcra, AT
et
8




Molecular dynamic simulation of GaN

Crystalline GaN. Pre-damaged GaN.

There is no ion track|[3]. The ion track radius is about

7nm.
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DFT study of hydrogen bonding
between metal hydroxides and
common organic functional
groups

Lea GasSparic,** Matic Poberznik,? Anton Kokalj*

'Faculty of Chemistry and Chemical Technology, University of Ljubljana, Ljubljana, Slovenia
’Department of Physical and Organic Chemistry, Jozef Stefan Institute, Ljubljana, Slovenia




1. Our aim

* |nvestigation of the hydrogen bond (donor and
acceptor abilities)

« Can one approximate molecule—surface
hydrogen bonding with small clusters?

H

|
N /N/
9 &

N




2. Our approach

DFT based calculations:

 C(Cluster calculations (Gaussian 16)

Cu(OH), '_‘_‘ r Al(OH),
. ) 4 ‘ "

» Adsorption calculations (O

Cu(OH), (001) Boehmite - AIOOH (010)



3. The results

 Hydrogen bonds (X:-:H-Y; X, Y=N, O, S) and
adsorption energies

* Donor and acceptor H-bonding strength of
common organic functional groups with metal

hydroxides

N .
o /H /H

AE = —-0.41 eV AE = —-0.37 eV



4. What have we learned?

 Small clusters usually give reasonable H-bond
energy

e BUT: molecules can form several H-bonds with
the surface therefore small clusters cannot
account for the correct adsorption geometry and
the number of hydrogen bonds



Additional information and
questions

DFT study of hydrogen bonding between metal hydroxides
and common organic functional groups

Lea Gaspari¢,' Matic Poberznik,” Anton Kokalj?

For any questions or

more detailed discussion
you can find me next to
my poster.

IFaculty of Chemistry and Chemical Tehnology, University of Ljubljana, Ljubljana, Siovenia
“Department of Physical and Organic Chemistry, jo2ef Stefan Institute, Ljubljana, Slovenia

Introduction

On hydraxylated surfaces adsorption can proceed
via hydrogen bonding. Cakulaticns with simple
matal rydrowice clusters and differant mokcues
with comenen organic functional groups were
performed to anslyse H-bond donor and accegtor
abiities

To obtain mor  reliatie  inforaticn  about
adsoptricn we also perfomed calculations on the
surfoces of CulOH); and AJOOH and compared
them with the discrete custer caloulations.

Computational

Clustar calculations:

© Mathod: DFT with GGAPEE functional

® Bagis set: def2TZVP (tripke-2eta valence with
polarsation)

* Program: Gaussian 16

CuUlOH), and AXOH), chstars

Adsorption calculations:

© Method: OFT with GGA-PBE functional

© Basis set: PRNe-waves with ukasolt geeuds
potenciaks ¢ 0

® Program: Quantum ESPRESSO 1\ *.

CulOHY(CO1) and AOOH|010) surface

Structurs visalisation program: XCrySDen

Conclusions

® Me,POOM and imdazole are the best M-bond
donors and acceptors, while MeSH is both o bed
acceptor and doror

* CulOH); duster forms stronger hycogen bonds
thae AIOH),

® The clustr cakultions ane consistent with the
adsorgeion calodations when all hydrogen bonds
are taken into account.

Donor and acceptor strength

Both hydroxdes and water show smilar trend in H-bond donor and acceptor strength with

malecules contwnin common organic functicnal grougs

H-bond acceptor strength

T

Wort Yo v vl b vl

H-bond donor strength

[ e R e
é - h 1
; .\
Cu(OH); and AI{OH); clusters as H-bond donors

AE (eV) | MeNM, |imidazole | Me,POOH | CHNM | MeOM | MeCHO | MeSH
cuow), | -0 -041 -038 -03s -029 -02? -023

AN(OH), ~0.43 041 3 -0y -0.30 -0 -02e

SENUCIUres With ANOH), show ~ 4 X
weak C~H:0 hydrogen band. ‘3 n_

Imidazole and Me,POOH

& N

Adsorption calculations

Imidazcle and Me,POOH were adsorbed preferentially eiher as the H.bond acceptors o formed
mukiphe H-bands.

Eon = —037 eV Eon= =071V £,

R

s

= =026 eV Lo = =071V




Ab-initio Study of Lattice Anhamonicities in
Bulk Lonsdaleite: Hexagonal Diamond

Rekha Verma

Indian Institute of Information Technology Allahabad
India =
Poster No. 12

Summer School on Advanced Materials and Modelling, September 16-20, 2019, Ljubljana



Motivation : Exploration of materials for Energy Harvesting Application using Thermoelectricity.

Waste Heat to Electricity

Vehicles -j Waste
" ]
Nuclear Vy, 7P 1" Incinerator
Y
Power Plant h. PV 02 Factory e.g.

P Glass, Aluminum

Thermal p
Power Plant , =

Natural Gas

Retrieval

. Electrical
Thermoelectrics Energy

Thermoelectricity :

Conversion of thermal energy (waste heat) into electrical energy using Seebeck effect.

Seebeck Effect : Voltage is induced due to temperature gradient between -

the two ends of a TE material. (f @ © (f

[ |

A Cool side Y

(m)
é




What makes a material to be potential candidate for thermoelectric application?

oS2T o : Temperature dependent electrical

Thermoelectric (TE) Figure of Merit  [£7 = conductivity

K, +K,,

K : Electronic thermal conductivity

Ky - Phonon thermal conductivity

1400 —4m—m—m—"—-r—r—+—"r—"—"7—r—"r—"r—"r"rr—"—"T T 10000

: Power Factor _ Conductivity] Sg : Seebeck coefficient
1200 F 2 2 77N o=1/p /]

[ a/p=ac g \ 4 8000

i / \ 1
1000 / \

Seebeck

600 1 4000

Heavily Doped

400 - Semiconductor p Semiconductor

3 2000

[ \
200 F , E )
0 e o T e ——— 0 :
17 18 19 20 21 22 5

Log (Carrier Concentration) »

Seebeck Coefficient (pV/K)

(w2 g5) ANANONPUOY) (L1

Source: Jeff. Snyder, Northwestern University,
USA.

2 @aye
Tune the denominator i.e. the lattice thermal conductivity -



How do we do that???

9,
OUUHNTUM' SPRESSD

We calculate the thermoelectric transport coefficients i.e., electrical conductivity (o), Seebeck

coefficient (S), Thermal conductivity (k) by solving Boltzmann transport equation.

Materials under consideration :




Thank You AU |,

——

Rekha Verma
Poster No. 12



What does the DFT has to do with the polymer
reinforcement?

.e.
Why am | at DFT school talking about PMMA?




COMPUTATIONAL STUDY OF
VIBRATIONAL PROPERTIES O
CHEMICALLY EXFOLIATED TITANIUM
CARBIDE MXenes - Ti,C, AND TiC,

Jelena Pesi¢, Andrijana Solaji¢

Institute of Physics Belgrade, University of Belgrade, Pregrevica 118,
11080 Belgrade, Serbia



Synthesis

HF treatment

FESEM picture of
Mxene film after
etching procedure
and removal of A
layer

Intensity

MAX phase

- rutile
- TiC
- TiC,
~TiC,

+ -A> O X%

- anatase

| L L W T S
25 30 35 40 45 50

Sonication

[ - ‘ MXene sheets

XRD pattern for MXene flakes

Composite
preparation

v

~ nanocomposite

| FESEM picture

of
PMMA/Mxene
composite




Optical spectroscopy vs DFT
Raman spectra of MXene flakes after synthesis DFT cal Icula tionS

D peak caused
by disordered
structure of
graphene. The

presence of Graphene/sp2
disorder in sp2-

hybridized carbon carbon

systems results in
resonance Raman ¢
spectra

2D peak - overtone
of the D band: second-
order two-phonon

G peak (E2g mode process and exhibits a
atthel-  point, it strong frequency
arises from the

stretching of the C-C dependence on the
bond in ggraphitic 2986 excitation laser energy

TiO2 anatase

Raman Intensity

materials)

s | 5 | ! | g | . | S | . |
0 500 1000 1500 2000 25(1)0 3000 3500
Wavenumber/ cm




Optical spectroscopy vs DFT

Raman Intensity [arbitr. units]

2200
2000 -

1800 -
16001 PMMA / MXene (25%)

TiO2 rutile

A DL DL DL L DL DL DL B |

L} l L) l Ll
0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Raman shift [cm™]

Raman spectra of PMMA/MXene (25%) composite




Optical spectroscopy vs DFT

Reflectivity, R
o
()]
1

0.2
) I I
DFT ca culations
1“\‘\‘
“\.
‘vulw x
L\-“.,_ - :E 01-' ), ;./
T MXene 8 Dptical modification!!!
T —— & PMMA / MXene(f=0.05)
PMMA / MXene(25%) e
PMMA / MXene(5%)
PMMA -
v T T . g T : T T T
2(I)0 4(l)0 6(')0 0 200 400 600
Vawe number [cm'1] Vawe number [cm'1]

a) Infrared spectra of MXene flakes (green) and composites PMMA/MXene
b) circles represent experimental data and solid lines are fit obtained by Maxwell-
Garnet model



PMMA/Mxene 5% PMMA/Mxene 25% |




Optical
spectroscopy

WITH
DFT
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Evaluation of elastic characteristics of self-point defects and
impurities in beryllium
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Karlsruhe Institute of Technology

Purpose ﬂ(".

First wall

f

Vacuum vessel

Coolant Pipes

|Pipe Forestl
S e ™ {
1
2 TBM-Sets
h =
A Ancillary Equipment Unit (AEU
BIOSHIELD Lisiin ( )l

Tritium breeding modules

Introduction - Lattice parameters - Elastic moduli - Stable - Conclusion IAM-AWP / MW



Motivation ﬂ(".

Karlsruhe Institute of Technology

Observations in beryllium parts for fusion :

- Swelling —> Tritium retention

Defects affect the atomic environment = Strain & stress

How do defects move ?

3 Introduction - Lattice parameters - Elastic moduli > Stable - Conclusion IAM-AWP / MW



Model SKIT

Karlsruhe Institute of Technology

Elastic dipole tensor

What ? Why ?

Model for describing point-defects

Quantification of point-defect’s

impact

Interaction with strain

Py P P3
P=1Py Py Py

Piz Py Ps3 and stress fields
! Defects sink
Components in energy unit Defects strength
_ OEf activation
Py=-= de volumes

4  Introduction - Lattice parameters - Elastic moduli > Stable - Conclusion IAM-AWP / MW



Computation ﬂ(".

Beryllium’s structure Top view and deformations

IAM-AWP / MW
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Elastic dipole tensor at stable positions

Strain
-0,003
-0,002
-0,001

0

0,001

0,002

0,003

Self-interstitial

4,397407
4,380637
4,363797
4,346887
4,329877
4,312837
4,295707

-476,557
-476,579
-476,598
-476,616
-476,632
-476,646
-476,658

Formation energy Defective bulk Perfect bulk

-477,226
-477,231
-477,234
-477,235
-477,234
-477,231
-477,225

Potentials

-3,7284
-3,7284
-3,7284
-3,7284
-3,7284
-3,7284
-3,7284

KIT

Karlsruhe Institute of Technology

Self-interstitial formation energy as a
function of strain 11

4,42

4,4

4,34

4,32
y = -16,951x + 4,3467,, ,

4,28
-0,004 -0,003 -0,002 -0,001 0 0,001 0,002 0,003 0,004

Introduction - Lattice parameters - Elastic moduli > Stable - Conclusion IAM-AWP / MW



Karlsruhe Institute of Technology

Thank you and now, more on the poster !

IAM-AWP / MW



BIS(AMINO ACID) FUMARAMIDES AS SMALL MOLECULAR WEIGHT GELATORS:
X-RAY DIFFRACTION AND CALCULATION of NMR PROPERTIES

Berislav Peri¢ @, Tomislav Gregori¢ ® and Leo Frkanec ®

2 Laboratory for Solid State and Complex Compounds Chemistry and
b| aboratory of Supramolecular Chemistry,
Ruder Boskovi¢ Institute, Bijenicka 54, 10000 Zagreb, Croatia



Bis(amino acid)oxalamide gelators

R =iBu
(S,.S)-16
meso-16

rac-16

(e}

R=iPr
(S,9)-17
meso-17

rac-17

”,

N OH

R =Ph
(S,5)-18
meso-18

rac-18

SEM: 2o/E20AChepane ped

SEM: 2a'accsomebeptane gel

A
¥
< 7Y,
WA R
"9
’
S
3 Optical mécrascope, Optical micrascope.
NP erossod polarisers: eressed polarisers:
(‘ 2aacaones/cyciahexane gel 2atacctomeioycdobe wane gel
‘al/

J. Makarevi¢, M. Joki¢, B. Peri¢, V. Tomisi¢, B. Koji¢-Prodi¢, and M. Zini¢, Chem. Eur. J., 7, (2001), 3328-3341.
B. Koji¢-Prodi¢, B. Peri¢, Z. Stefani¢, A. Meden, J. Makarevi¢ , M. Joki¢ and M. Zini¢, Acta Cryst. B60, (2004), 60, 90.



Proposed scheme for ,,NMR-crystallography” structural analysis of small molecular gelators

A

/ Crystalline solid

Cooling or
Super saturated  gup, Sooksatonor
solution Rapid cooling
ﬂ Self-assembly leading
to gelation
\ Precipitate g Gel Xerogel

B

— ~N
SS NMR of gelator
(as synthesized) Compare resonance pattern

~

Identifying polymorphs Structure
- S NNRobweroge - | mmp | NMR CASTEP using crystal structure

J

solvates, non-equivalent

i S molecules in an asymmetri Optimize the structure
SSNMR of gel 2 y Assign the best structure based on
unit .
L ) calculated and experimental data

[ PXRD of gelator 1 l I
| (as synthesized)

Compare diffraction patter

~

J

PXRD of xerogel == | Unit cell and space group —y

\

¢ Reitvald refinement o b P : :‘ }
\[ PXRD of gel AR o R /
e 4

Nonappa and E. Kolehmainen, Soft Matter, 12, (2016), 6015-6026.

J




BIS(AMINO ACID) FUMARAMIDES

H O RH
I_W N NN OH
RH O
1 2

Fum-diLeu- Fum- Fum-diLeu- Fum- Fum-diVal- Fum- Fum- Fum-

OH diLeu- NH, diLeu- OH diVal- dival-NH, diVal-
Solvent OMe OVinyl OMe OVinyl
H,O cryst. cryst. cryst. ns 0.4 ns. ns ns.
H,O/DMSO | 0.9+0.37 cryst.. 3.65+1.1 ng 0.2+0.03 cryst. 0+1.1 6.2+s5.3
H,O/DMF 0.45+0.25 cryst. 1.8+1.17 0.44+0.48 ng.” cryst. 0+8.0 cryst.
EtOH 0.2+0.01* sol. cryst. sol. sol. cryst. ns cryst.
+2-octanol sol. sol. ns. sol. sol. sol. ns cryst.
THF 0.1+0.01* sol. ng*" 0.26 sol. cryst. ns sol.
dioxane 2.3+0.08* sol. 0.05+0.05* sol. sol. cryst. ns sol.
acetone 0.3+0.01* cryst. ns. 0.1+1.3UZ sol. cryst.. ns cryst.
EtOAc 1.4+0.09* cryst. ns. 0.2+1.2UZ  2.2+2.0** sol. ns cryst.
CH,Cl, 1.0+0.02* sol. ng*" ng+ 9.0+0.05* ng. **""  ng sol.
CH;CN 0.25+0.01* cryst. ns. cryst. sol. ng."”" ns cryst.
toluene 2.75+0.01* cryst.. ng*" 0.2 sol.* 1.8 ns 1.6

sol.= soluble, cryst. = crystal, ng= not gel, ns=not soluble; UZ= ultrasonication, *=DMSO;

**=hexane; *=gel in solvent;**=gel and fibrous aggregates;***= fibrous aggregates

Numbers represent maximal volume of solvent (mL) immobilized by 10 mg of gelator.



BIS(AMINO ACID) FUMARAMIDES

Z-.—
-

\
)

T
)rIL1 space group: P2,2,2,

2

s %m a=4.9701(2) A a =4.9093(3) A B ) ‘ '
: | b=14.7298(4) A b=13.1211(12) A £ ¥ W/

c=28.278(2) A c=30.031(3) A _)

2

o L2

e
5t

ld %"*

Lt

\ <
v

\,;L‘
A ‘\L
B

i

oy

Pa™

“~r

(one disorder component, 0.7 occupancy)



GEOMETRY OPTIMIZED STRUCTURES AND 3C NMR SHIELDINGS (QUANTUM ESPRESSO)
1

LBinding energy” =-1853.4520426327 Ry

model A
occupancy 0.7

AT occupancy 0.3
LBinding energy” =-1783.0502566205 Ry

,Binding energy” =-1783.0237855331 Ry
x 0.0215Ry (28.2388 kJ/mol) above model A

superposition of models A (bonded atoms) and B {(non-bonded atoms)




Thanks:
Leo Frkanec

Tomislav Gregoric

Zoran Stefanié (X-ray data)

HrZZ, project number 2018-01-6910 - SUPeRNANO



Non-oxidative catalytic dehydrogenation
of propane and butane over Cr,0;:
a DFT study

Matej Hus, Drejc Kopac, Blaz Likozar

Department of Catalysis and Chemical Reaction Engineering
Kemijski institut

Ljubljana, 18. 9. 2019
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Motivation

 Demand for alkenes, such as propylene or butadiene, is rising.

* Traditional methods are insufficient:

e steam cracking
* fluid catalytic cracking

e Thus, catalytic dehydrogenation is becoming more and more
iImportant:
* C;Hg 2 C,H + H,
* C,H,y 2 C,H.+2H,
e Two industrial processes:

* Pt/Sn catalysts
* CrO, catalysts

Q!’ KEMIJSKI INSTITUT



Catalyst model

Plane-wave DFT+U, electron-ion interaction: Projected augmented wave

(PAW).
. Perdew-Wang 91 exchange correlation.
. Strong correlation: Hubbard U parameter for Cr, determined from
*  Aslab of Cr,0, (0001) literature.
*  6layersCrand 6 layers of O «  Energy cutoff: 500 eV, gamma calculations (large supercell).
* Cr-terminated surface . The van der Waals correction: Grimme D3; standard dipole corrections.

KEMIJSKI INSTITUT




Reaction mechanism - propane

/ \
SN speces ey
N\ e Propane -0.27 eV
PN Prop-1-ene -0.35 eV
/ = \ h Prop-1-yne -0.51 eV
_Cx ~XCH
\ /

@ KEMIJSKI INSTITUT



Reaction mechanism - butane

O\
/CH.\/‘ ‘HZC./\/
SN Species | Eas
N e R \<\/ Butane -0.28 eV
SN S N
—| 1P Sl | But-1-ene -0.39 eV
Ao Ao A O g
| NN S But-2-ene -0.40 eV
| PN O~ But-1-yne -0.51eV
W e M = But-2-yne -0.50 eV
e Butadiene -0.45 eV
_ /|
PN Butadiyne -0.30 eV
_ M4 Butynene -0.35eV

@ KEMIJSKI INSTITUT
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Lateral interactions between electronegative
adatoms on metallic surfaces: a high-
throughput computational study

Matic Poberznik and Anton Kokalj

Department of Physical and Organic Chemistry,
Jozef Stefan Institute, Ljubljana
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Typical behaviour

Topview
4 ?R@ Sideview

J

IMAGE CHARGE

Adatom becomes
negatively charged!




Typical behaviour

Repulsive dipole-dipole
interactions between
adatom-image charge pailrs
expected!



Typical behaviour

2
O @ CU(lll) Frep =~ %Slattice X ,uz@%glattice
116 19 1/4 1/3 2/3 1
-2.5 : | | | T ,‘ less \‘
IS A SERIEL LN AR Statb'e Coverage
s
[T S — bl On Cu(111):
© o f_o<@§x,x Repulsive interac_ti_ons
B e 1 lead to lower stability of
m 4.1 P =
e . high coverage
A4S prlT L ... | |stable oxygen overlayers !
0.00 0.25 0.50 875 1.00

Coverage (ML)




Atypical behaviour: O@AI(111)

O @ Cu(111) O @ Al(111)

11619 1/4 1/3 2/3 1 11619 1/4 1/3 2/3 1
=22 e ' & less gl ] | less
: - stable - ; stable
29 e 0 G E R e i /f' —————— i - 9.Q --~?
Sl AN I e
B : ! | . : ~
5 33 - e S _
% E ‘ ‘ ¢" % ~~~.
G0 (i g s e/l s it 6 o i g s S i
% ¢' .g ~~
.’ © e
= e = .
m _41 - l' 1 m E : : ~~ 1
‘ . : 3 ~
[ ‘,;' : more —1.6 i e e Tamore
-4.5 ;”‘.‘ il e stable e | ENCEENEEE T o IEET stable
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
Coverage (ML) Coverage (ML)

M. Poberznik, A. Kokalj, J. Phys. Chem. C, 2016, 120



faa i -7.0

“Attractive mteragtmns between

I negaUvEJons7

4.1 m

Atypical behaviour: O@AI(111)

O @ Cu(1ll1ll) O @ AI(111)

16 1 Bl i3 2/3 1 116 1/9 1/4 1/3 2/3 1
[

(1
il M. Poberznik, A. Kokalj, J. Phys. Chem. C, 2016, 120



DOS @ Fermi energy

States near the Fermi energy “vanish” with increasing coverage,
indicating ionic bonding!




lonic model
+ 14 + 14 Q

=

+Ya +Ya Q

Al M. Poberznik, A. Kokalj, J. Phys. Chem. C, 2016, 120



O« @ Al(111)

ionic model DFT
loptimal helght ' : ' / """""" i
1 ) —4 e g—r——————————— - - —
N | : >
/:T I ,,,,,,,,,,,,,,,,,,,,,, | ,,,,,,,,,,, /—/_: S); [
5 £ o e 5 -5 i H
@ - ) -
Pl Sy : S _
> : | - :
5 6| critical height 2 6f d
5 . -O L
i N L laxy — ] £ - -
- o '§§§§§ :: 3 =1 .| W/ ! [critical height
_10'#,,1,,|,,|,| L ...|1.1|1..1|.1.|1..l
0.0 0.5 1.0 1.5 2.0 Eoi5 00 T05T eI E TS 20
Height above surface (A) Q o Height above surface (A)
Short range repulsion ¢“e Mg is
heglected!

M. Poberznik, A. Kokalj, J. Phys. Chem. C, 2016, 120



Nothing specific about Al and O

* jonic bonding
« atom close to the surface

- (large lattice parameter, below critical
height)

(1
Al M. Poberznik, A. Kokalj, J. Phys. Chem. C, 2016, 120




Nothing specific about Al and O

Other adsorbates and metals?




Adsorbates & Metals

6.941 39012182 4 18.998403 9
Lithium Beryllium Fluorine
22.98976 11 |24.3050 12 26.98153 35453 17

Sodium Magn&m Aluminium Chlorine

39.0983 1Q |40.078 () | 44.95591 D1 |47.867 DD |50.9415 23 |51.9962 D4 |54.93804 D5 155845 D@ |58.93319 D7 |58.6934 28 [63.546 2Q |65.38 30

Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc

854678 37 [87.62 38|88.90585 30 |91.224  4() | 92.90638 41 |95.96 42 |(98) 43]101.07 441029055 45| 10642 4@ | 107.8682 47 | 112441 A8 |114.818 49| 118710 5(

Mo |Tc |Ru Sn

Rubidium Strontium Yitrium Zirconium Niobium i i Rhodium Palladium Silveg Cadmium Indium
174.9668 74 | 17849 72 |180.9478 73 |183.84 74 |186.207 75 (19023 7@ [192217 77 (195084 78 (196.9665 7Q (20059 g() [204.3833 81 (207.2 82 [208.9804 83

Lutetium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercg Thallium Lead Bismuth

2 coverages -

4 adsorbates, 70 surfaces,

lots of calculations Pw ( O N




Results

Lateral interactions between electronegative adatoms
on metal surfaces: a high-throughput computational study

Matic Poberznik and Anton Kokalj
Department of Physical and Organic Chemistry, JoZef Stefan Institute

Introduction 06 AlthK)
In a previous work surprising attractive lateral T

[e——— ‘
interactions between electronegative oxygen wrbepeg T @2 )
atoms on aluminum surfaces were identified." . g ﬁ& ‘
%
Two conditions for such interactions identified: + 7 o2
« adatom close to the surface -

B octron charge detict e\.« ron charge oxcess [
«ionic bonding ophbor -

’(.3“

What about other metals and adsorbates?

Computational method
Functional: PBE

Basis: plane-waves + pseudopotentials
Software: Quantum ESPRESSO + PWTK Simple model results

Inyestigated metals and adsorbates

2 a prediction

bec hcp

4 adsorbates, 2 coverages, 70 surfaces
=700 i

Na(100)

)

TITES)

XXX XKL X HKH
ke X X KX XX XXX N g
XK 5k X KX XX o K| |

Conclusions

Three regimes it ifed: (i) (i) and (iii) R ion occurs for
d-block metals, attraction is found for p-block metals and Mg, while reconstruction occurs mainly
for s-block metals.

Reference: 'M. Poberznik, A. Kokalj, J. Phys. Chem. C, 2016, 120, 2591525922
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CODE FOR ——— o
ground state excited state

H I G H LY (cold electrons) (hot electrons and holes)
EXCITED

VALENCE
ELECTRON
SYSTEMS

no forces interatomic forces




H He
Li Be B C N O F Ne
Na Mg Al Si P S (C Ar
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Rb  Sr Ag Cd In Sn Sb Te | Xe

CODE FOR HIGHLY EXCITED VALENCE ELECTRON

SYSTEMS




PHYSI

CHIVES - Simulating laser excitations

Tobias Zier, Marie Kempkes and Martin E. Garcia
Theoretische Physik. Universitat Kassel, Kassel, Germany

* Using Bom-Oppenheimer approximation a solid system can be described by an electronic part
(T4 Vi + Va)-0=c-0

and an ionic part
[Fi v oy = By

= potential energy

surface (PES)
+ Resources 1o solve part using increase For systems of several
hundrods of slectrons s more practical 1o uso the electronic density — Density functional thecry (DFT)
(W,
T 3 ¥+ VIR + Valn()] + Vie[n(7)] | - 94(7) = - W)
+ For excited systems the Heimholts froe energy is used
Faltfh}t) = X ngs - 6F) 4 Vi) = Let) - Sute
‘which depends on the entropy
Sult) = ~ku 3 [nla (B, 1 - log (nia(B). 1) = (1 = nie(E.t)) wle(F) ¢

1. Solve the
Kohn Sham
equation

1., 3. Forces on
o) = st tvrtx the jons
F=-Pvy,

————
ground state
(cold electrons)

interatomic forces
no forces

Boforo the action of the laser pulse the solidis  The laser puise changes the electronic
in thermodynamic oquiibrum. Al low  occupations. This leads to rapid
temperature, electrons fil the states up o the  the potential energy landsc
Fermi level. The atoms are 8 the equilbrum  consequence, the lattice becomes unstable
positions of the ground state potential energy  and forces appear on the atoms, driving a
surfece. structural change
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* In detad, CHIVES has the following features:

» Canvenient input from a control filke using keywords + inpul values
» Appropriate dsfault values are assumed, when a keyward is not specified
» Separate electronic and jonic temperatures

» No enforced structura s , €.0.. 5ollds, thin fims, open boundaries
» 1,2,.4, or 8 k-points for the Inclusion of al partally occupied states

{thers are many at high elecironic temy )
» Gaussian basis sets including 5. p, and d states.
# Analytical, norm-consenving U}
# Local density approvimation

> 2l ngs. correlation, and

- Pulay-Kerker mbing

» Veriet algorithm 1o simulate the molacular dynamics

» Possibity of structurai relaxation using Fast Inertial Relaxation Engine (3]

» Efficient infiakzation of the sel-consistent cycle using charge densty exirapolation from provious time sieps

» Enatied 1o perform on graphic cards

» Hybrid MPUOPENMP parallel

» Massively parallel (MP1) implementation of the k-paints

» OPENMP paralieized computation of Hamitonian matrix slements, electronc charge density, and density
atr

matrix
» Efficient dagonalization using optimized OPENMP parallel LAPACK subroutines

W saratet

+ Phonon band structures of diamond

» Phonon frequencies of the ground state (blue)

» Laser imadiated state, whero 10% of the valence
electrons are excited (rod)

> In good accordance with experimental data (black
squares [4], white dots [5])

+ (M) structure factor intensity for one thermalization run (lof) and walltime for the first SO steps of
the thermalization (right)
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