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s http://www.psi.ch/sing/focus/focus

Usc chopper

« 2A<A<6A(PG)
« 6A<A<16A(MICA)
» energyrange: 20— 0.3 meV

Be-Fler

Neutron gu'de

+ 20mKsT=<1400K

20 l)etecmr1

QENS (diffusion, librations, ...)
INS (VDOS, magnetic excitations)
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PAUL SCHERRER INSTITUT time_of_flight (tof) methOd

wl=U-

A AE=0

Distance

Detectar

Crystal/Chopper

Source/Moderator Time

I(tof,20) = I(Q,w) x S(Q,w)
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(215 Q-E landscape
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==

what can be measured? p N

>

intensity

intra-mol. vibrations

quasi-elastic

E=0 phonons / magnons ... energy transfer

inter-molecular
vibrations, H-bonds

e far-IR /Raman
e dielectric relax spectroscopy
e NO selection rules for neutrons
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(5 guasielastic neutron scattering = QENS p N

e stochastic atomic motions on ps time scale

e reveals spatial details of the dynamic process (jump distances, rot. angles etc.)
e discerns between localised (e.g., rotational) & translational types of motions

e well suited for samples containing protons

* masking via deuteration
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== IL applications

= > z)e
Separation Lubrigants & Additives 1018
e gas separation * lubricants
e extraction o fuel additives

e membranes

Ionic Liquids
* thermal stability
* (very) low vapor pressure

Electrolytes * electric conductivity
* interesting solvent properties

* fuel cells * liquid crystalline structures
° Sensors * high heat capacity

e batteries * high electroelasticity

e sSupercaps * non flammability

e metal finishing & designer solvents

e coating

Heat Storage

e thermal fluids
Liquid Crystals
o displays

Electroelastic Materials
¢ artificial muscles
e robotics

Solvents

e bio-catalysis

e organic reactions & catalysis
e synthesis of nano-particles
e polymerization

e protein-crystallisation
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= scattering cross sections
BE : 2
element T col Tine T scatt T ahs
H 1.7568 | 80.26 8202 0.3326 <_:NMGH3
D 5502 | 205 7.64 0.000519 CoH: NI/
C 5.550 0 5550 0.00353
O 4.232 0 4232 00001 v E F EF
N 1103 = 05 1153 101 “v*'N\“"\aGH )\ - \¢
H Mg N
F 4017 00008 4018 0.0006 : F™ o8 osC F
S 0088 = O 0988 054 Hs do d N
0
Oscatt = Ocoh T Tinc a ”
D_S_CF;;
|
0]
SYStel’l’l Oscatt [b} Oinc [b] O abs @ 5.75 A Uinc/Uscatt [%}
BuPy-Tf;N 1275.6 1124.8 30.7 88.2
BupPy-Tf;N 606.1 420.8 21.2 69.4
BuPyp-Tf,N  901.6 731.7 25.4 81.2
C1oPy-Ti;N 2632.5 2409.1 47.9 91.5
TEA-TF 1388.6 1284.8 25.0 92.5
TEAp-TF 272.8 130.0 9.0 47.6

1b = 1barn = 1024 cm?
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T cation dynamics on different time scales p
|J__ 1“"0
0.05 ps
courtesy, B. Kirchner, U Bonn
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(215 chain & ring melting, FEW experiments (elastic & inelastic)
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==

model independent analysis, T > Tm
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(15 chain dynamics = diff. inside spherical confin. / ring deut. a, N

Embs,Burankova et al. .
J. Phys. Soc. Jpn. 82 (2013) SA003 & . 1 Lo
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PS5 dynamics in the liquid state (T > Tm ) _ S5

TEA TEAD

S(Q, E) — Slocal(@a E) X Sglobal(@a E)
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. 5
(2= origin of the extra component: P

Grotthuss mechanism (Proton hopping)

o AAM RS R

Vehicle mechanism

broad component in TEAp-TF E
= H-bond dynamics?![; }ﬁﬁkzﬁ* ﬁ?j

5th Swiss-Sino Workshop, 4t-5t May 2015



PAUL SCHERRER INSTITUT

wl=U-

1st ab-initio MD results on TMA-TF

* Coulomb, dipole-dipole, H-bonding ...

* force field generation
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polarized neutrons = coherent/incoherent
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outlook B
e study of collective dynamics in ILs (using deuteration & polarized neutrons) °0fo";f; e o BF G5 5 g i i
e H-bond dynamicsin protic ILs = PhD project, SNF funded QA"

e interaction of ILs with prototypical bio-structures, i.e. influence on properties and functions
— PSI-Fellow/COFUND in collab. with University College Dublin/School of Physics
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(5 inelastic neutron scattering = DOS

QENS = time scale of molecular rotations, reorientations
diffusion mechanisms

e proton hopping (breaking/creating H-bonds) vs. vehicle mech.
¢ single-particle & collective dynamics = polarized neutrons!

e comparison to MD-results

Inelastic Neutron Scattering = studies of ion interactions (H-bond dynamics)

— completely protonated L 1T
= fing deuterated
= butyl-chain deuterated

completely deuterated ( )
B S(E
"
X (E,T) = —F—"=
120 ng(E,T)
100 .- ng(E,T) = (exp(E/kpT) — 1)1

S(E) = _5(20,E)

dyn. susceptibility " [arb. units]

energy transfer [ GHz ]
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==

ionic liquids

lonic Liquids =

e tunable physico-chemical properties = designer solvents

¢ high thermal & electrochemical stability / wide liquid range
e applications: potential electrolytes for fuel cells, batteries, ...
¢ Coulomb, dipole-dipole interactions, H-bonding ...

QENS = time scale of molecular rotations, reorientations

diffusion mechanisms

e proton hopping (breaking/creating H-bonds) vs. vehicle mech.
¢ single-particle & collective dynamics = polarized neutrons!

e comparison to MD-results

Inelastic Neutron Scattering = studies of ion interactions (H-bond dynamics)
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PAUL SCHERRER INSTITUT Scatt Cross Sections

==

cross sectiono (1 b =1barn=10%cm?)
area = prob. that a neutron will interact with a nucleus

e scattering power varies ‘randomly’
strong but very short ranged interaction

isotopic labeling _ _
no electrostatic interaction = easily penetrates samples
BUT magnetic moment = exploring magnetism

Cinc(zH) O'inc(Nnat)

oo @ oo
0\

T Ocon(*H) T Ocon(Cnat) J

Ucoh( nat)

O'coh(Nnat)

0coh(1H)

23
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Q-E landscape
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== lonic Liquids

> molten salts with Tm £ 100°C (ethylammonium nitrate by Paul Walden, 1914)

" jons only

" vapor pressure =0

* wide liquid range

" high thermal & electrochemical stability

* designer solvents (i.e. tuneable physicochemical properties)
" Coulomb, dipole-dipole, H-bonding ...

> electrolytes in fuel cells, batteries ...

N
F S S F
/A\N/A\\
O/\OO/\O

1-butylpyridinium (BuPy)

F

M
Ul
M

. "”

bis(trifluoromathylsulfonyl)imide (Tf2N)

triethylammonium (TEA)

trifluoromethanesulfonate (TF)
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|_,_— — cation dynamics on ps time-scale - MD results

0.05 ps

5th Swiss-Sino Workshop, 4t-5t May 2015
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BS [BHa]™ subunit rot. motions » e

PHYSICAL REVIEW B 81, 214304 (2010)
from J. Phys. B 45 (2012), 194003
Rotational motion of BH,; units in MBH; (M=Li,Na,K) from guasielastic neutron scattering and
2 density functional calculations

a:—.dB_H

V3

Arndt Remhof,'* #hipnicw Lodriana Pascal Marelli,' Oliver Friedrichs,! Andreas Finel.” Alexander Vo Skripov,®
Jan Peter Embs, ™ and Thierry Sirdssle’

LiBHs / NaBH4 outstanding volumetric & gravimetric
hydrogen density = possible Hz storage materials

1 2?1/72

SiZI;(s:itc — AO(Q)CS(E) + [1 — AU(Q)] ) ; (2?1/?2)2 + EQ

Q= 10+0Qd]  d=dyu-2f2

Bo(Q) = 5 [1+2j0(Q)]

3site 1 3 1 Sh/QTQ
sizte = 3o + 2 [mu@am) + 1 - mo@)) - L ]

Ss(Q, E) = S53%(Q, E) ® Sis**(Q, E)
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[_‘-_: ’)&
Molecular Mobility in Solid Sodium Dodecyl Sulfate J.Phys.Chem. B 115 (2011) 9732
S Mitra ' V. K. Sharma,” V. Garcia Sakai,' ). Peter Embs,* and R. Mukhopadhyay™! Soft Matter 8 (2012) 7151
O=.-0

hydrophobic tail

The dynamical landscape in CTAB micelles

V. K. Sharma,” S, Mitra,” V. Garcia Sakai,” P. A, Hassan,” J. Peter Embs® and R. Mukhopadhyay *

CetyITrimethylAmmonium Bromide = CTAB

(I3H3 Br-
H3C(H2C)15~N"-CHs
CHy
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g diffusion in a sphere
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[_,_— _— coherent & incoherent scatt p
S ’

due to isotope & spin effects, atoms of the same element are not identical!

average fluctuations

Lxl Sah 2l
& it

[
| || |H o LT, il H\ | .
T T T T T T

coherent, scatt from average beoh = (b)

= correlated dynamics (phonos, magnons, ...)

incoherent, scatt from fluctuations bi?nc

= (1?) — ()2

= self-correlations, stochastic motions (diffusion, reorientations, ...)
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[J__ _— model-independent analysis \ 4 B\

N
Sinc(@,w) = Ao(Q)d(w) + ZAj(Q)ﬁ(Fj, w)
Sinc(Q,w) = Ap(Q)d(w) + [1 — Ao(Q)|L(I",w)

space-FT of the particle distribution, taken
EISF — Ia(Q) at t=oc and averaged over all its possible
Ia(Q) + 1qe1(@) initial positions; provides info on the geometry
of the molecular motion

localized/rotational motions = prob of finding a scatterer at infinite
time within a small volume # 0 ! ( # translational diffusion !)

Sine(@,w) = (1 = p)d(w) + p[Ao(Q)d(w) + [1 — Ao(Q)|L(T', w)]

p = fraction of mobile particles/scatterers
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e uniaxial rotational diffusion particle rotating among N equivale
l_,—— equally distributed on a circle of radlu

Molecular Mobility in Solid Sodium Dodecyl Sulfate

S. Mitra,’ V. K. Sharma,” V. Garcia Sakai,' ). Peter Embs,® and R Mukhopadhyay™” N1

Sinc(Q,w) = Bo(Qa)d(w) + Y~ Bn(Qa)Lyn(h/7y, w)
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1 .
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1 2 o /nm
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2 | @ 2 L
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PS5 lonic Liquids & INS p e
SyStem Oscatt [b] Oinc [b] Oinc/ascatt [%]
BuPy Tf,N  1275.6  1124.8 88.2
BupPy-THLN  606.1 420.8 69.4
BuPyp TN 901.6 731.7 81.2
= completely protonated T T T T T L |
= i deuterated =
= huityl-chain d ted _
completely deuterated T=200K |
g 2
E 100
>
energy transfer [ GHz ]
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