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BASICALLY TWO TYPES OF INSTRUMENTS

Detector D'L{-fm ctometers: 1- 104

! Diffractometer

Measure struectures

neutron :Wave

Bragg’s law : 2dsinB=n A

E=Br§ Ri=R¢

Measuwre ol Yywa MLLCS

neutrown : pa rtiele
Newton’s Law

=B § Ri=R¢




SINGLE DIFFERENTIAL CROSS SECTION

If there s NO exchange tn energy

1ncn | 1Q (R,,—R,) '
Z Z coh,m cohn 4 i

m,n

!
!
!
!
!
L4
L4
4
L4
4

diffraction peaks
T r from coherent scattering
|

|

intensity |

).——'F!L!ff?/ ﬁbﬁfh ?z”f’,\#?ff} s ,\-"F?,f'

I; /,Ehﬂck round from incoherent scattering,
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scattering angle 26 —p




SINGLE DIFFERENTIAL CROSS SECTION

For a “thin” sample, the total
iIntegrated scattering is:

I, = ¢0No,.

The single differential cross section is
related to the “structure factor” S(Q)) .

When there is one type of atom we

The measured intensity in a obtain, in the static approximation,

diffraction experiment (on a
“thin” sample) is related to

the single differential cross do ( 20)
section: \ dO i 4,”:
I(E,,20)= ¢N( o )AQ ONLY DEPENDS
de \ ON THE SAMPLE

solid angle



DOUBLE DIFFERENTIAL CROSS SECTION

1f there Ls an exchange Ln energy

‘0 0., k o K
d°o _Gcoh f S(Q,(D)‘|‘ Gmc f SS (Q,(X))
dQdse  4Tn k; Amth k.
collective motion single particle

(phonon) (diffusion)



COHERENT & INCOHERENT SCATTERING

coherent scattering

Scattering in which an incident neutron wave
interacts with all the nuclei in a sample in

a coordinated fashion; that is, the scattered
waves from all the nuclei have definite relative
phases and can thus interfere with each

other.
R — e —— e

incoherent scattering

Scattering in which an incident neutron wave
interacts independently with each nucleus in
the sample; that is, the scattered waves from
different nuclei have random, or indeterminate,
relative phases and thus cannot interfere with
each other.

Neutron Scattering a Prime - Roger Pywnin - Los Alamos 1990



DOUBLE DIFFERENTIAL CROSS SECTION

The measured intensity in a The double differential cross section is
spectroscopy experiment is related to the “scattering function”
related to the double
differential cross section: S( Qa W )
When there is one type of atom,
IS(Ei,ZO,Ef)z/ *
e d°c O Kk
d 9) (Eia s iy ) = ’
ON AQAE,. | dQdE, 4mth k.
dQQdE
\ £ ) /
ONLY DEPENDS

energy window ON THE SAMPLE



SPECTROMETERS

collective motion swx,g Le pa rtLele
(phonown) —(diffuston)

For most elements the
Gcoh > Giwc-
Hydrogew Ls a very

meorta nt exceptlow!
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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

'll Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Sch:l:."

EEEEEEE -‘V |
CCCCCCCCC

it ST

of ‘quasielastic’

‘elastic’ E=0
/

energy transfer
‘inelastic’ E=xdE

energy transfer
‘quasielastic’: centered at E=0

«n Spectroscopy 2:high resolution spectrometers 12. September 2011



what Ls RENS, and what does Lt Look Like?

RENS is nelastic scattering that s almeost elastie,
centered at zero energy transfer

RENS is associated with relaxation phenomena, such
as translational diffuston, wmolecular reorientations,
confined motion within a pore, hopping among sites,
Accessible time scales range from fractions of ps to
100s of ns / ’

Length scales range from A to 100s of A

Most RENS experiments are designed to study
incoherent scattering (single particle motions)



what Ls RENS, and what does Lt Look Like?

(b) rrrryrrrofprrerypyrrril
29 -
— ﬂ— Total fit —
B RENS Ls wnelastic scattering that ts almost elastic, ——— Free water
centered at zero energy transtfer 20 - + Bound hydrogen |
B RENS Ls associated with relaxation phenomena, such > IF \ Restricted water
as translational diffusion, molecular reorientations, ‘s 15 | + =
confined motion within a pore, hopping among sites, o
| Accessible time scales range from fractions of ps to =
100s of ns ] , 1.0
B Length scales range from A to 100s of A
B Most RQENS experiments are designed to study 05
incoherent scattering (single particle motions) '
0.0
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MATCHING TIME SCALES

delta- Narrow | Medium
function peak width
peak peak

Low | (Elastic) | Elastic | Elastic
resi.

(broad)

Med. | (Elastic)
resi.

-
S
=
=
O
70
D
az

(medium)

High | (Elastic)
resi.

(narrow)



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)

NE'U££ Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Sch’:.
cccccccccc =' sal

: o . .
}:*-‘- m’.ﬁ/ ; g“nm n Spectroscopy 2:high resolution spectrometers 12. September 2011



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
N!ugg Bernhard Frick, Institut Laue Langevin, Grenoble 12th Oxford Sch_i' | b-@i'ﬁm n Spectroscopy 2:high resolution spectrometers 12. September 2011
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Functional Materials miwwms _—

Tabletten
Wirksaolf: Pacs telinel

% To understand functionality
we we need structural information.

# Beneath the crystal (molecular) structure,
there are important motions.

% How the functional groups are arranged in a
sequence defines the dynamics of the
complex systems.
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Functional Materials
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Methyl Groups Flexibility “- _

In(HWHM(meV))
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Methyl Groups Flexibility “"

In(HWHM(meV))

Intensity,qic (T) I“tenSitYelastic(z‘
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Time-averaged mean square displacement

sample

continuous _ | System of | . monochromatic
neutron beam choppers neutron pulses P> Q

D

detectors

Interaction B

with
‘ sample {
TOF

Inelastic zone v Quasi-elastic
A << A, Elastic peak zone
v >> vy, hoOr AE=0 /= Ao OA

SQ.0)= 49(Q)¥(@)+ 24(O)L;@)

2\ A2
Ag(Q) = ap(Q)exp# 27
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Time-averaged mean square displacement

sample
continuous _ | System of | . monochromatic

neutron beam choppers " neutron pulses P> Q

D

A Interaction B
with
sample
t t
L > TOF
Ao (Eoo) /

Inelastic zone _
A << g Elastic peak

detectors

Quasi-elastic

Zone

v >> v, hoOr AE=0 /= Ao 0L

N
SQ.0)= 49(Q)¥(@)+ 24(O)L;@)

Ap(Q)=ap(Q) CXP(_<"2
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Methyl Groups Flexibility

-10 -8 -6

Energy Transfer (ueV)

4

2

0

2

11

S(Qmean'm:O)

<u’> (A)2

0.40

0.38

0.36

0.34 -

0.32

0.30

0.28

1.0+

0.8

0.6

0.4

40 80 120 160 200 240 280
Temperature (K)

x III
FI“&II
x i éi gxt
zadfhn . *
St =
S :éz
a5 T
* A
: =
-1,0 - s 9K
otz e s a0k
Ry ,, = 72K
& 1,1 —-—
,S‘ = e
- = e —
= £ 42] = Il S oK
=291 K U438K
= ; 1,3 . '

5 Q*(A?)

r—+~ T T T T 1T T T T T T 1
40 80 120 160 200 240 280

Temperature (K)



UNIVERSITY OF COPENHAGEN

Phenacetin Dynamics : Conclusion

B Understanding the lattice vibrations is a difficult task, however the

application of solid-state density functional theory (DFT) methods
can be used as a reliable approach to simulate the vibrational
spectra and to reveal the underlying physical nature of the low-
energy vibrational motions.

B The correlation times of the methyl group rotation with deviations

of the mean square displacements, <u2>.

Phenacetin can assume different conformations and knowing this
can help the understanding of how chemical reactions occur. In the
particular case of biochemists and molecular biologists such results
can help understating the ways molecules interact with each other
in living systems.
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