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the scattering process
neutron-sample ‘\jQ

exchange of energy and momentum with the sample
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why do we need high E-resolution!?
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a simple definition

vibrations

ey
TR

“rigid” crystal

translation 0

v
® Q OO%
&=
n NOJ'(D Q

fast moving scatterers, e.g. liquid
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of ‘quasielastic’

‘elastic’ E=0
/

energy transfer
‘inelastic’ E=xdE

energy transfer
‘quasielastic’: centered at E=0
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‘quasielastic scattering’ - an interpretation
in terms of correlation functions

. . 4 1 kz 820'
scattering function: 5(Q,w) = — Nk, 9900
1 o —twt
S(Q,w)= 2_/ 1(Q,t)e at N N coherent
g : S‘S‘( Q@) o Q@) |
X ) I,(Q,t) = — e " e’
intermediate : " |
scattering functions: | sy p—
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van Hove correlation functions:
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density correlation functions -
pair correlation function

N

for a classical system formulated in terms of a microscopic particle density function: p(r,t) = Z Olr — r;(t)]

=2
1 / / /
G(r,t) = N/< p(r —r,0)p(r ,t) >dr
i.e. auto-correlation function of the particle density
) ) 00 g 1 i Y /
asymptotic behaviour: G¥(r)= lim G(r,t) = — [ p(r —r)p(r )dr
I't—oo N
N
e.g. for liquid: G (r)=p= —
V
G(r,t) 4 G(r.t) 4 G(r,t) 4
) t=O ( ) ) t>O ) t=oo
2 S N p —
distinct distinct distinct
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density correlation functions -
self correlation function

/

for a classical system define average probability per volume to find particlei atr': P (r ) =<dlr —r;(t)] >

N
asymptotic behaviour: (7 >° (= %Zl /p,,; (I‘/ = I‘)pi(r/)dr'
i=
liquid: tli>rgl<> Gso(r,t) = % thus: G;’O(r) — 0 for V — o0
but not if V is finite: EISF!
assume identical scattering particles (drop index i) and separate Gs in and stationary part:
G (r) = / p(r —r)pr )dr G.(r,t) = Gy(r,t) — G2(r)

elastic incoherent structure factor (EISF):

5¢.(Q) = / exp{—i(Qr)}G (r)dr = | / exp{—i(Qr)}p(r)dr|

Gs(r,t) t=0 Gs(r,t)4 Gs(r,t) 4
ti1>0
0 o4 : G(r,t=00) =
r,t1>0)
> r —‘-T-J———" r
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self correlation function - EISF

t ¢dconf
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typical incoherent scattering law

Sinc(Q,w) = A0(Q)d(w) + (1 — 40(Q))L(Q,w)

elastic, EISF quasijelastic
stationary part; sign of decaying part
confined motion

for a given Q: /_ Sinc(Q,w)dw =1

el

Sel.(Q) + SELH(Q)
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example for a simple incoherent scattering law
isotropic translational diffusion

no stationary part -> not confined -> no elastic scattering

time space energy space

: . 1 DQ?
Sinc(Q, 1) = exp(—DQ*“t) inc(@,w) = T w? + (DQ?)?
Lorentzian with energy width
HWHM =T1/2 = hDQ?
D=self diffusion constant [m?/s]
D~exp(-Ea/KT)

relaxation rate |t| = 1/(DQ?)

-20 10 peV " 20
A I'm LlpeV]m 3 _.cm? - :
= 1A 1 D = = ~ —T V1-10 7
“ h@Q?  4.136[ueVns|106[ecm?] 4 eV s 6 6
example: 5 - e 825: j
D(H20 @ RT) ~ 2 10-5cm?/s ) ToF Qo108 4
FWHM ~ 270 peV @ |A"'; 1=5ps bobuye
FWHM ~ 2.7 yeV @ 0.1A"'; t=50ps : "= 050204 3
=>TOF dynamic range ) z
- | | -2 ‘ meV ‘ 2
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other diffusion models

at high Q deviations from ‘normal’
low-Q translational diffusion (Fick’s law)

B continuous / translational diffusion T TC
5| |
~ DQ2 for all Q 4 - f' h/T]ump
= I
o o . JIT— —— . T 34 [
Bjump diffusion models (unconfined): = |-
B Chudley-Elliott 1/  HJobie |
| | _ DQ2 - |OW Q 0(;Om lefusl:zon QUGSIQESTIC des N.;:u‘rrons !
MSingwi-Sj6lander approaches I/tumpat high Q Q? (A?)
B Hall-Ross el
0.10
%0.08~ ‘.
B not shown: E
. o S 006 .-
BManisotropic diffusion models £ oou] Jerm e
0.02 - i " H. Jot;ic;}\TheodorouM 5
B diffusion in lower dimensions - "oz @oonar
0.0 0.5 1.0 1.5 2.0

2 A2
R Q*(A%)
: @ﬁ/g‘mm n Spectroscopy 2:high resolution spectrometers 12. September 2011

y /
N"l Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Sch::." .

EEEEEEE e 1.4
CCCCCCCCC =



simple incoherent scattering law:
- locally confined jump models

see e.g.: - M. Bée, 'Quasielastic Neutron Scattering’

stationary & decaying part -> confined -> elastic scattering

local motions -> Q-independent linewidth & EISF

B jumps between 2,3,4,...n (non-)equivalent sites
M rotational diffusion on a circle
M diffusion on a sphere

M diffusion inside a sphere, cylinder,...

y /
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simple incoherent scattering law:

- two site jump among equivalent sites s 2
stationary & decaying part -> confined -> elastic scattering P1 (t) p2(t)
2t
1(Qu1) = A0(Q) + Ay(Q))eap(~ =)

structure factors for a two-site jump over 1.0 7
distance r; powder averaged:

EISF: Ap(Q) = [1 + jo(Qr)]/2
A1(Q) = [1 = Jjo(Qr)]/2

Jo = 0-th order spherical Besselfct.

structure factor
o
(@a|
|
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simple incoherent scattering law:
- free diffusion inside a sphere

stationary & decaying part -> confined -> elastic scattering

)2 2
$(0,0) = A3(0)8(0) + L ¥ 26+ D (g) — ) P/
£ [(xfl)zD /R2} + o

£ - i1 () = S@ng) B cajx)

spherical Besselfct. of 1st order

371(Qa)

AO(Q) — (

Qa

_ A
HWHM L
100

10|

local

11l 1 11l Ll L1y
2
1 10 100 Qo)
Figure 1. Variation of the first incoherent structure factors 4z(Q) versus Qa (31-32) for
Figure 2. Variation of the half width at half maximum (HWHM) of the broadened com-

diffusion ms1de: an 1;npermeable sphere of radius a. 'The elastic incoherent structure ponent of the scattering law for diffusion inside a sphere of radius @, (33), expressed
factor (EISF) 1S Ao (Q) ' in D/a? energy units, versus (Qa)?.. The HWHM of the DQ? law is also represented.

] In the present units, its value is (Qa)?.
Volino F., Dianoux A.J. , Mol. Phys. 41, 271-279 (1980)

/4 -
Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Sch::." |

NEUTRONS -
FOR SCIENCE .

i - ,
h-@‘;’di‘i ‘ I' “n Spectroscopy 2:high resolution spectrometers 12. September 2011



more realistic scattering laws:

Mtake convolution with resolution fct. into account
Bcombination of scattering laws, e.g.:
B whole molecule rotation
B + part of molecule rotation (methyl group)
B + c.o.m.-diffusion of whole molecule

M + vibrations, phonons

y /
NE'U££ Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Sch__. 1.0
CCCCCCCCCC —

F r':e"'fd”u! '! i .
SR R R «n Spectroscopy 2:high resolution spectrometers 12. September 2011
/! P = 9



why do we need high energy resolution
neutron spectroscopy?

¥ because of its suitable time resolution for
some dynamic phenomena at the proper
length scale

€ because it is either the unique method or
complementary to other spectroscopic
techniques (time & spatial probe)

€ to investigate the character of diffusive
versus confined motion
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Q- map for high resolution spectrometers
- TOF / - backscattering {ANSE

10
I il 1 [ 1 [ [ [ L1 1kl I I | | B b bk bk
11.6 K 04 - 4.1ps
TOFTOF@0.25meV
IN11@4meV S
S E = hv
-1 - with: h=4.136 meVps
b =]THz : 4.1meV
E %g%g%g%g%‘;“""“""“""“ Il ] .-..-.é-.g.gi.i-.é-.:l 1.'-).'-.'-.:;;5:555-5 : 1meV : 4.1ps
-2 i : u
1
S
11.6 @
£ -3 - — 4.1ns
mK ~
Ll
)
< =4l — -
= 4
i)
© oy
o 3
Q. q))
&
8 -9 _
INT15@0.2 meV
11.6 K -6 T T T T T TT1 T T T T 1T TT1 T T T T T I1rr 4_1 S
H ' 2 46 ' 2 46 ' 2 46 H
0.01 0.1 1 10 . w
Q (A -1 ) elastic scattering:
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TOF-spectroscopy
d

® TOF: we deduce the energy transfer from the flight
time t over a distance L: t = L/vp

- therefore we have to know precisely L and v,

® we count the neutrons at the detector as a function
of their arrival time with respect to elastically
scattered neutrons At=t-tg

- . ' B 3
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TOF-spectroscopy

- direct TOF - k; fixed
multi-chopper instrument

detector

The initial neutron velocity
v0, is determined by a multi-
chopper system in the
primary spectrometer, which
transmits monochromatic
short pulses with start time
to and prevents frame-overlap
of scattered neutrons.

/[ 4
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TOF-spectroscopy

- inverted TOF - ks fixed

d

L _
e ® neutrons with an initial
- velocity distribution p(v°,)
e start at time to, defined by
a pulse chopper. The final

ample g neutron velocity is known
because a ks¢filter /-

¥ analyser allows only
monochromatic neutrons

) y to reach the detector.
Cel t
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TOF-resolution

- some comments how to achieve high E-resolution

® precise knowledge of the start time of neutrons
implies short pulses: (fast choppers with narrow
slits; multi-choppers, counter rotating...)

® the artis to keep flight time uncertainties At/t small
- minimise path length in sample & detector, ....

- choose long total flight path to reduce the
relative weight of other unavoidable length

uncertainties (At/t ~ AL/L)

- use long wavelength / slow neutrons - but this
will limit the maximum Q (Qelastic=4TT/A sin(©) )

v A’M
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/[ IN5B - direct geometry TOF

T SN <l - -Jacques-Olivier

The new IN5 with Position Sensitive Detectors

1) Main TOF chamber access gate

2) Radiological shielding

3) Monochromator choppers

4) Frame overlap & anti-contaminant order
choppers

5) Focusing guide

6) Sample environment lift system

7) Sample chamber

8) Position sensitive detectors

9) Background shielding

10) Background shielding frame

11) Time-of-flight chamber

12) Instrument recess

y /
,gg! Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Schm SIC
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il IN5B - position sensitive detector array

NEUTRONS
FOR SCENCE ~ Jacques Olivier

="

. YIG Sample

- i
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content

M why do we need high resolution neutron
spectroscopy!

¢ how to achieve the best energy resolution

M in time-of-flisht spectroscopy (some comments only > K. Anderson)
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¢ overview
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¢ energy materials, confined molecules, water dynamics
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energy resolution from
a perfect crystal

1.0 A T=2ﬂ:/d B

0.8 no intensity!!! -

reciprocal space representation
in: perfectly collimated white beam
out: perfectly monochromatic beam

L — ——
)/ . ‘,"&‘.
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energy resolution from
a perfect crystal

! ! — ] N ! ! e ntensit
. Intensity|reduction!!! L y
t=27t/d proportional
0.8 - Polychromatic k; Phase Space
Ak - element. Thus the
0.6 P
Ky - better the energy
0.4 [|/2 ‘ B resolution, the
lower the
0.2 f — . .
o intensity
0.0 eenergy resolution
| | | | | | o
0.6 0.4 0.2 00 ¢ 02 0.4 0.6 & dlvergenCe are
X
coupled and
reciprocal space representation depend on ©
in: wide collimation and white beam
out: divergent and polychromatic beam
5££ Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford SCh;-;.‘_‘._.‘s b@f;ﬁw .inSpectroscopyZ:high resolution spectrometers 12. September 2011



energy resolution and divergence

6 -{ OA/A

Bragg's law :
2d sin® = nA
differentiate :
2Adsin0 + 2d cosOAO = AL

or .
6}\,/}\ A)L=Ad+cotHAt9
: =—d
2 - Si(111) M. _Ak _AE  Ad_AT
A k 2E d T

AL At AB* Ag’
— o
—l | L L I | L | | L I | L L | | L I | LU | | L L I | L | | L I )\’ T 8 4

0, 20 40 60 80 Z ; de[;/iationd. from BS
=beam divergence
Bragg angle ©

. use perfect crystal
. stay in backscattering

(at ©=90° energy resolution and divergence decouple)

/4 -
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reflectivity of perfect crystals in dynamic
scattering theory

Darwin curve

1.0 AT i 1.0 - " At/t
0.8 |’E| /2
A% N | x 0.5
0.4 B
0.2 B
0.6 WL 0.0 —m—oarr
- — T -10 -5 0 5 10
-0.4 -0.2 0.0 0.2 0.4 y
* primary extinction: interaction 1 for M <1
and coherence effects between R 9 >
- <
incoming and outgoing beam lead (M — "yz — 1) for M > |
to finite resolution \ )

At is not zero - even for a perfect crystal

L —— —
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how large is the primary extinction of a perfect
backscattering crystal?

Typical neutron backscattering monochromators:

AT 16F ,L,N ‘ crystal plane AEext (ueV) AMA) for @=90°

T T
N=number density of unit cells 0.077 6.2708

F= structure factor
| B Si(311) 0.51 0.077 3.2748
N bion DWE, - exp(~iQR,) | EEEEEEEE
‘ CaF,(111) ‘ 1.52 0.063 6.307
Afor neutrons: ‘ CaF(422) ‘ 0.54 0.177 2.23
AE = 2E2Z
‘ GaAs(400) ‘ 0.75 0.153 2.8269
A 2
|2 ( ) PN I 4k N ‘ GaAs(200) ‘ 0.157 0.008 5.6537
2
m e e e T T
‘ Graphite(002) ‘ 12 0.44 6.70

http://www.ll.eu/in16/bs-web-site/

sites i incell

genergy resolution independent of order of reflection (for same F)
gthis is different for X-rays (AE ~ 1/1)

gextremely small crystal contribution
gother resolution contributions for TOF or 3X-spectrometers much larger)

% Kssin

@gg Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Sch:l."
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http://www.ill.fr/YellowBook/IN16/BS-review/index.htm
http://www.ill.fr/YellowBook/IN16/BS-review/index.htm

how to scan the incident energy and
remain in backscattering?

1) Doppler motion of the monochromator:

counts n-pulses counts
E—— = Vimax 7\ — =
\ ........................................ / ..... >
_ F
D T T T R ; A __E N é o """"I-"'H-r
o \ : Pl w‘*‘*::)
7 TMD \ E
” _ - . ..
_+ = Vmax | | 13‘ T r g
monitor : Do etector
0 = time (ms) 50
5 i
tM D

12. September 2011
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how to scan the incident energy and
remain in backscattering?

2) Cﬁange OJ[ tﬁe MOTLOCHTOM@UJT wm]oemture = cﬁange Oj: [attice cfistcmce .

iM=(1+aT+0Q.). O _&(T)

E; do
counts  temperature (K) counts
700
d, S ‘
P )
500/
T/2 i
ﬁ
300
T/2 _
d(T)
i—l—l—l-lo'ﬂfl ]
monitor 0 500 detector

measuring time (min)

y / =~ . Y B 3
N'll Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Sch . lﬂ E?:‘-,-&',"", ”L ! .!, ‘«n Spectroscopy 2:high resolution spectrometers 12. September 2011
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Doppler
drives

How to change ki in backscattering
Doppler- and heated monochromators

AEROLAS heated
linear motor drive monochromaTor

IN13, IN1OB

o, RS, e
: - v i
. . &7 .
: : ‘ Manitor £7
I N 1 6 B & s Colimtr o7
’ ‘ </

"\ij"\, Delw (moduls
¢ Detetor ‘]/ ‘-._:;‘. 1x$ deteck
S P H E R E S Im:d_:.:"es . ‘“ o f #'} Anlyser crystols
: {313 detechons) »'\':;\‘ : 4 ',lf:';f" 5 e
q W Sample ¥ Vit 4 o
: ' | e 5N . > &/ Thre2 concentric rings
i 3 2 Hev ' ,:er ULl \\ RS S /// of analyser uw:s.s
, \ e g
=" ::..: 3,/’ Beom skp
dT)=d,(14+aT+0(2)...). ofF al(T)
: E; d
o=thermal expansion : 0
'll Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Sch_,_,-" 1 l' 0 “n Spectroscopy 2:high resolution spectrometers 12. September 2011
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reactor backscattering instruments
- generic primary spectrometer concepts

: example
3 sample Fust IN10:
chopper generation BS | ¢-3°
AO=12°
mosaic Hat BS-monochromator

deﬂector\ 6 = 900 e \ AEd1V~O24MeV
= ¢ —|

white beam from n-guide with divergence AO

AE, . ~0.08ucV

divergence and extinction not matched,
But divergence and deviation from BS

b spherical BS- .
monochromator 33
Moving deflector ~____----77TT R INL6:
£- = T L, =90l F-2.7em
™ U | [200cm
sample~. 9o TTTTEe—e______ -
" \ T S AL ~0.09ucV
W, focu_smg
*\n-guide o0 ~ F/L AE, . .~0.08ueV
v\ - resolution terms matched
E’ | focus_mg .
= /Qmosam Second generation BS
white beam deflector
V// 4 ok Insti - / LA BTN R " .
NS Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Schi:“‘ m i’ “n.hm n Spectroscopy 2:high resolution spectrometers 12. September 2011



backscattering instruments

- secondary spectrometers
are similar on reactors and spallation sources

@ k; scanned (vp or Tyu)

@ k¢ fixed (static and Ta=Tw)

gate detector to avoid
counting neutrons scattered
directly into the detector Jg | bt (ommm;l'\ VA, ﬂﬂ,,,uq\ i
(several orders of A 1 %g;k o =y :
magnitude stronger signal) s i - e R
-> introduce a 50%-chopper - oy g"'“;\c;;’;d°"°"°' .
and count at arrival time of : S

analyzed neutrons
http:/ /www.ill.eu/in16/
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backscattering spectrometers
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Backscattering spectrometers at spallation sources

distance

®  TOF

combine TOF and backscattering

detector
£
£ /
________________ sl /____________%enelv_zq
| / /
i /
________________ ¥ o o o _______ sample
/
4
, last chopper

2

1 AE AL Ak /AT s (A
— = = = || — +(cot6-A9) +| —
2 FE A k T t

first chopper

; —
time

from Allenspach, PSI; modified BF

examples: IRIS-IRIS, MARS-PSI, BASIS-SNS, DNS-JPARC

y /
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i

Collimation

o

Sample

Disk Chopper

WA

Neutron Guides \

\

Beam Dump

Diffraction
Detectors
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IRIS at ISIS,RAL,GB

the “mother” of spallation source
backscattering

Neutrons from
Cryostat 6.5 m disc chopper target Technical Specitications
10.0 m disc chopper ’

3 / Curved PG(002) PG(004) Mica(002) Mica(004) Mica (006)

glass  Analysing 184 738 0207 0826 186
guide energy (meV)

Dynamicrange -0.4to -3.510 0.02to 01510 5410404

Diffraction
detectors

Sample can

Mica analyser bank

Converging (meV) +0.4 +4.0 +0.02 +0.15
Detector bank supermirror
. : Resolution
(mica-analysed) guide ueV 17.5 54.5 1.0 45 11.0
Transmitted beam Incident beam s““‘“ ring 20-160 20-160 25-155  25-155  25-155
monitor angle (deg)

monitor
Qrange(A) 03-18 05-37 01-06 02-12 03-18

Graphite analyser g
/ /\ bank I'”“'l |°‘°°"V 51 ZnS scintilators
/ Diffraction

s 8 He® tubes at 26 = 170° ; Ad/d = 2.5x10°%; d-range (A) = 1 - 12

Detector bank
(graphite-analysed)
http/MwwisisHacukimolecularspectroscopy/iris/
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BASIS-SNS backscattering spectrometer: the youngest

y
o

Moderator decoupled poisoned

»
)

Beam line
Source-sample
Sample-analyzer ¢
Analyzer crystal-de

OSIRIS, CIRIS)-> - ISIS
BASIS - SNS
Elastic energy = JPARC

Band width
Resolution (ela
Q-range (elasti
Solid angle

y / 1 )
g& Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Schmﬂ@f g «n Spectroscopy 2:high resolution spectrometers 12. September 2011
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content

M why do we need high resolution neutron
spectroscopy?

[A how to achieve the best energy resolution

in time-of-flight spectroscopy (some comments only > K. Anderson)
in crystal spectroscopy

¢ examples of applications

¢ overview

¢ low frequency inelastic examples
¢ quantum tunnelling
¢ quasielastic examples
¢ energy materials, confined molecules, water dynamics
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scientific fields for high resolution
spectroscopy

* low frequency inelastic spectroscopy

o tunneling spectroscopy (CH3, NH4, ...)

o hyperfine interaction

o low frequency vibrations: aerogels & fractons
o “*He excitation spectrum (roton)

o magnetic excitations (i.e. molecular magnets)

y /
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scientific fields for high resolution

spectroscopy
* quasielastic

o Diffusion and self-diffusion in metals, alloys, intercalation compounds

o Diffusion of hydrogen

» in metals or alloys (e.g. for H-storage materials)

» fuel cells (understanding of basic transport in membranes)

» materials for fuel cell electrodes
o Diffusion of molecules in catalytic materials
o Dynamics in polymers

» local motions of main chain and side chains

» polyelectrolytes

» dendrimers

» changes of dynamics under stretching (orientation dependent studies)
» effect of fillers in polymers (carbon black, silica, Cey,..)

» thin polymer films

» polymer blends

» nanocomposites

y /
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keynote:/Users/bernhard/Documents/Vortra%CC%88ge/2009/ANSTO/BSS_ScopingWorkshopOPAL.key?id=BGSlide-21
keynote:/Users/bernhard/Documents/Vortra%CC%88ge/2009/ANSTO/BSS_ScopingWorkshopOPAL.key?id=BGSlide-21

e quasielastic spectroscopy (cont.)

omore soft matter

» microemulsion freezing phenomena

o Dynamics of biological or bio-related molecules
» dynamical transition (glass like transition?)
» relation between local mobility and function / stability
» role of water in bio-materials: hydration water / confined water
» biological membranes

» natural materials (spider silk, ....)

o pharmaceutical systems
» potential drug delivery systems
» functional molecules

» relation of local mobility to storage and stability

aDynamics near the glass transition and in undercooled liquids
» mode coupling theory
» P, T dependence of local dynamics near Tg

» supercooled water, strong-to-fragile transition
oDynamics of orientational glasses
o Atomic and molecular motion on surfaces

y /
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* quasielastic spectroscopy (cont.)

oDynamics in confinement (nano-confinement in porous materials, nanotubes,...)

» small molecules in confinement (clathrates,...)

» water, aqueous ionic solutions, mixtures in confinement

» water in geological materials, concrete, clays

» surface water
» glass forming liquids in confinement

» liquid crystals in confinement

oDynamics of liquids
» highly viscous liquids (oils,..)
» ionic liquids, ionomers

» liquids under shear
oDynamics of liquid crystals
oDynamics of hydrogen bonds
o Rotations of large or hindered molecules

oDynamics of the phase transition, critical scattering

oMagnetism
» spin glasses and frustrated magnets
) spin ice
r—/ 4 v,
ggg Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Sch:°." | &ﬁgw B0g: Neuid) Spectroscopy 2:high resolution spectrometers 12. September 2011
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rotatlonal tunnell

il

Single particle model: environment=potential V()

ohi

123 >

Fixtreme sensitivity: fiws ~ e

231 >

312 >

~aV ()

Courtsey: M. Prager

'll Bernhard Frick, Institut Laue Langevin, Grenoble
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Rotational Tunneling and
Neutron Spectroscopy: A Compilation

M. Prager

Institut fur Festkorperforschung des Forschungszentrums Jiilich,

D-52425 Jilich, FRG

A. Heidemann

Institut Laue-Langevin, B.P. 156, F-38042 Grenoble, France

1d rotor: e.g. CH,
1 tunnel transition

3d rotors: e.g. CH,, NH,

more complex tunneling spectra

CHEMICAL

REVIEWS

Reprinted from
Volume 97, Number 8, Pages 2933-2966
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methyl group tunneling

- example for high energy resolution on IN16 (FWHM~0.3peV)

3
[ ) [ )

I aspirin
\% (.1 t‘ [ [l [/ IC£)
2 . acety sa 1cy 1C AcCl
=09 AR n B
e \l\-.'- \ 1
% 2.8 i\
£ 27 el o
2 w o LI -

J'65 10 15 20 25 30 35 40 45 “ 0 5K

temperature K) \ '
20.5K .~

+“ ol WY

-
|

IN|6, | e

- 0)
| LL energy transfer (ueV)

back

M. Johnson, B. Frick, and H.P. Trommsdorff, Chemical Physics Letters 258, 187 (1996)

i -
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a motivation example
e.g. hydrogen economy

important fundamental science questions to solve:

- sustainable hydrogen production

dynamics of new materials

- new hydrogen storage materials

aim storage: >9% by weight; reversible absorption
metal hydrates (LaNis,MgNi,MgH>); BH3NHS3, LiBH4, Mg(BH4)2, Ca(BH4)>
understand diffusion

others
[ )

Oinc< Sbarn

- more efficient fuel cells

better Proton Exchange Membranes (H, methanol, formic acid, phosphoric acid)
understand diffusion of H or H-containing chem.units

y /
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&—@ Light Weight Hydrogen Storage Materials /;/J )

- e.g.: TOF and Backscattering on Alkaline-TetraHydroBorates k

% determine rotational dynamics of hydrogen at low

temperature: geometry, time scale and activation energy
2 modeling of EISF up to high Q could discriminated between models (Verdal et al.)

determine H-jump dynamics of
hydrogen at high temperature: w s

2 combination with DensityFunctionalTheory-calculations (

a0{ = —HH
DCS & HFBS, NIST FOCUS. PS| sl
[) é 020 4
0.87A" RIST - goom
1.22A" | [ B 4 3 2 4.0 1. 2 .3
> ’ I m LIBH: (HT) - 1.00
7 1.51A ® NaBH, g b)
;-g: || * KBH, 080
€ B
% % 0,60 4
.E.' \ g R
- | X ssl  Ee———Frth
S i
5 | 020
3 .
1 om —
J\ . A ¥ 2 ! ' 4 3 2 4 0 1 2 3
"0 0 1 _d0 6 10 -0 0 10 1077 (K) AE (meV)
1 EnergyTraasfer /e L araen
Néu%ﬂs Bernhard Frick, Institut Laue Langevin, Grenoble “« n Spectroscopy 2:high resolution spectrometers 12. September 2011
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Dynamics of Methyl lodide Clathrate Hydrate
- QENS experiment and MD simulation

A. Desmedt, J.C. Soetens, M. Prager, M. Russina, and J. Ollivier, J. Phys. Chem. C, 115 (2011)

@ complex dynamics extending over wide

time range: large filled cage
& water / cage dynamics

& methyl group rotation / tunneling
8 translation & rattling in the cage
@ whole molecule rotation in the cage

- “®deuterated water to increase contrast

small empty cage

for confined molecules and reduce cage i, 170.0  water on corners
scattering

@ qualitative evaluation with simple model

- “®detailed comparison of MD trajectories

with experiment

y /
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Dynamics of Methyl lodide Clathrate Hydrate
- QENS experiment and MD simulation

A. Desmedt, J.C. Soetens, M. Prager, M. Russina, and J. Ollivier, J. Phys. Chem. C, 115 (2011) |ar‘ge filled cage

) 204K : el ’ e
| ¥ T T | ¥ T T ;3- ‘ f §
7 @
| I I | B DN A B ;
10' - 10y v -
143K .[ Q= 1.1A A Q=L small empty cage
) ) CHsl3 177D20  water on corners
= T T T T 3 3
ol L} L} L] Ll o' o
59, & & o
o=,
3 107K -
g
N T I - 17 17 7 T
) ) 2]
69K = = "
g o
7 A
' LJ
j °) m
; Q=20A
) )
PR < <
o o
7 B
. 7
10° w
4100500 05 10 1.5 20 25 30
1 0 1 2 3 Energy Transfer [meV] Energy Transfer [meV]
N , . . 0.24
n of the experimental QENS spectra (opened circles) with the MD-derived scattering laws (continuous line) a
Energy transfer [meV] W, T = 150 K; right-hand, T = 270 K). The dashed lines represent the phenomenological background due t .
st cages (text for details). 0.04— ¢ r v
TOF on IN5B - . . 5 100 150 200 250 300
. : MD-simulation compared to QENS
Q-averaged; | Omin/temperature back
y / |
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Dynamics of Water - is there a dynamic crossover?
- a controversial discussion in water research

example Of Chu X.-Q., Kolesnikov A.l., Moravsky A.P, Garcia-SakaiV.and Chen S.H,,
exp. result: Observation of a dynamic crossover in water confined in double-wall carbon nanotubes. Phys Rev E (2007) vol. 76 (2) pp. 021505

T=T0 CXP[DTO/(T = To)] T=T11exp(Ea/RT)

water confined in double walled — ™z 20 20 = 20 w0 w0 w
HFBS, NIST - i ¥
Carbon nanotubes (A) L= /]
ol
T Y T T T ¥ T (B) ." '. H OIDWNT 10" L /‘.’
(A) 250K 5} d K™ 4 = N
250} - 240K d Pt L V‘ QENS ’8\ ’//
H,O/ DWNT 230K 1, 4} % Peak Width = ;
., 220K 1 L] = p._ o EA=263 kcal/mol
QENS Full Pe Ejl v 4
| 210K —_ - Hydrated DWNT
200F Q=0.75A" 200K 13, 'k Fat S
-,-A 1 e 190K g ! ,/’. === = Arrhenius law
% i § o 4 800C 1% 1E ,' —VFT law
%w B .’ﬂ 170K -1 o \‘ !-"':‘ . i 'S A 'S A
e I —— 160K 108 6 4 20 2 46 8 10 060 0.85 0.70 0.75 0.80 0.85
g e 150K s : E'(peV? TOIT, T°=146 K
100} ReSO|UtIOr1I_;22 a0y § ] ['Il L T 3s0 _ 300 250 lT"mKa‘w 0 2% J’.i”“zoo
| :éa 1 1w} ~ 18 A pore size ; i ~ 14 A pore size '/' i
=~ (C) m . | ,‘. . % 4
o | 12 noownr ™ | ) ] -
1 % 2 2 . " T ='°F Arhenius “ i Arrhenius ’ 1
QENS Peak Height . % f $ ;.
0 'y 1 a L . 2 2 N [..- :’:’0'[ " i /. 1
g 0 4 150 170 190 210 230 250 ¢ } W ‘
E(ueV) T(K) o % P 1
fit with a stretched al func AR
with a stretche exponentla unction o} eo¥ | D-147 i  Dedg2
i B1) &~ (B2)
FH(Q, t) — FG(Q,t)exp[— (t/TT(Q))B] os 08 T?Tl 1’:-50300( 09 10 08 To.’T.OTZ-WOK 03

postulate: crossover from Vogel-Fulcher at high temperature to Arrhenius at low temperature
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Dynamics of Water - is there a dynamic crossover?
- a controversial discussion in water research

T T T T T |

11 5 CPC improved fit i +
: =) 10 CPC standard fit / x
- lysozyme x
(,,g 106 r)r,\yogobin /* *
= myoglobin (NMR) z/+
E) —~ 107 myoglobin (diel) +
1S = A A R
0.01} oS s $heoe™s
'T> 9 x.); — (A(l))1
g 10 > &
5 -10 X{Vv I
B} 10 s =
= -1 | B
wn . 4 - :
0.001 1,72 1000 K /T
P o dt .
Si(g, @) = fq{a15(w) + a2f —elwt—(ltl/'r)”}
— 00 27T

Sexp(2, 0) = [ dwSi(g, ©)R,(—w)
- fq{aqu(O) +(1 —ay) ]:o cge—(tﬁ)ﬁﬁq(l‘)}

no anomaly; fit-procedure may explain cross-over;
: &ﬁ: w n Spectroscopy 2:high resolution spectrometers 12. September 2011
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Dynamics of Water - is there a dynamic crossover?
- a controversial discussion in water research

most recent

S. M. Chathoth, E. Mamontov, A. |. Kolesnikov, Y. Gogotsi and D. |.Wesolowski Eur. Phys. Lett. 95 (201 1) 56001
example:

240 K
£)
[ ] [ ) 3
water confined in nanoporous > .
B .
Carbon S . i e B’
= M *\‘
10° —r’x‘*w“«\*"“ o R M'WM'(""" ‘“»wm ».mm** r f'wwj
W r LR L A A R B - vy Q\ " N e 4 L reeaerpl
BASIS, SNS | o T v | eV gt | yeser i
220 K 210K 200 K
P—— =5 .| Q=09A" Q=09A" Q=09A"
< .
> g
fit with a stretched exponential function £ s | e St ]
- @IA bt 4"’ N ,b}f N,s ).
10° ~met“"41‘ & ”&Wﬁ' ?’\ L e ,-J»dlmym ¢ )4\#»,
al- eyt ppevapry ‘Nﬁg ~rm~rw e .Wf“‘q'r . ﬁm(wyf""’l Y \1»{
o0 6] 10 g
R = e E 190 K 180 K 170 K
SQENS(E)_A/O exP[ (r) ]exP(zht)dt 02 Q=09A" Q=09A" =0.
1 -

convoluted with the resolution function

Intensity (a.u)

10° MMMW’“ 'W\W«r Mw%:*” ""'Wwvm WWW” W”“*Wm{
P*’b““‘*l‘?“-‘"" """’" iyt g hiATa)5 &4 AR 1\*“‘ e Lovts i o T ik A f N
50 0 50 S50 0 50 50 0 50
ho (ueV) ho (ueV) ho (ueV)

/4 e
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Dynamics of Water - is there a dynamic crossover?
- a controversial discussion in water research

Temperature (K)

Temperature (K)

BASIS, SNS

200 250 170 200 250 170
| : | |

. {125

16 @ Q=05A" CDC61A | o Q=05A" CDC 7.8A -

Q=0.7A" L Q=07A" S
o Q=09A" o o Q=09A" . 7 4100

2 12f - G | A

= RO Wl gl e
e Py Ak N D

= Bl e TT =190 K B Sy :

e e 2l e T

.U:"--:"A" ; ,m:_!f_’, Gt et TL=190K 50

B A ~ Arrhenius law | =3I g--ET-4& ~

a4l 5 = -= VFT law o i Arrhenius law |
ST T ST DUUR | Y DU R et T

40 45 50 55 60 40 45 50 55 6.0

crossover from Vogel-Fulcher at high temperature to Arrhenius at low temperature

T=T11exp(Fa/RT)
: &ﬁfm n Spectroscopy 2:high resolution spectrometers
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BSS: The Backscattering

Backsc% inger, 2006
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