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4. Neutronova difrakcia

" neutrony
o zdroje neutronov
o interakcie neutronov s latkou
o kinematika neutronov

" udinny prierez

" experimentalne technika



Porovnanie XRD a ND

rtg. luce neutrony
dostupnost v laboratoriu expen.ment.alne
zariadenie
doba zberu dat sekun.dy — sty gt
hodiny
rozsah teplot 4-1400K 4 —2 000 K (bezne)
ghlove} “av Sl(v).St . klesa s uhlom ziadna
intenzity dif. ziarenia
velkost - 0.1-0.01 mm 1-10 cm
monokrystalov
mnozstvo vzorky 1 mg (~10% e-) ~cm?
rozne prostredia tazkeé Tahke




Zdroje neutronov - vyroba
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Zdroje neutronov - jadrove reakcie

" spalacna jadrova reakcia
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Zdroje neutronov - casové hladisko

" spojity (reaktor)
o meriame niektoré neutrony

pocas celej doby

collimation scattering detection
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" impulzny zdroj
o meriame vsetky neutrony
pocas nejakej doby
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Interakcie iiarenia s latkou
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Hibka vniknutia do latky

H
L ]
L
- s @
o -;...' Ca . " sn Ce
i Fe @« ® - '-'..' * ..' .
" pokles =02 | ott Neutons o % ,¢ eg, : Pb US,
. . — L L ® & wg
M . . - ®
mtir/lmty £ Les P : a0
na l/e m L . - b
= ® - & =2 i
" tepelne g X Rays - .
4 E <4 1 B .. i ™
neutrony  §1%° | e ** S & o
[ ] .‘
& L/ ®
B .11 ..' w". . ®
o™ e
L
10° |- .'ﬁ o ™
| | | | | el Lo
0 20 40 60 80

Atomic Number




Difrakcia neutronov

" slaba interakcia neutronu s jadrom

o prenikanie neutronov hlboko

* kryostat, pec, diamantova cela
" energia neutronov meV —eV

o energia molekulovych translacii, rotacii, vibracii

= vlnové diZky neutrénov st porovnatelné s typickymi
medziatomovymi vzdialenostami (0.05 - 20 A)

" neutrény maju spin ?moznost stiudia magnetickych
Struktar

" intenzita difraktovaného ziarenia zavisi od:
o kvality atomov (atomové cislo, spinovy stav)
o geometrie struktury



Experiment
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Interakcia neutronov s latkou

® transmisia

" absorpcia

o radiaény zachytn’

Stiepenie P
absorpcia s naslednou emisiou —o & )
,hadrénova sprcha” b

" rozptyl
o pruzny (elasticky)
* ziadna zmena energie

O nepruzny

O

O

O

* zmena energie (Ubytok, narast)



Diagnostika pomocou neutronov

" difrakcia

o struktira pomocou neutrénového difraktometra
o intenzita vs. rozptylovy uhol

" spektroskopia
o dynamika pomocou neutronoveho spektrometra
o intenzita vs. rozptylovy uhol a prenos energie
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Kinematika neutronov

p=mv=h/A=hk y
2 2 12
E=imyv =h"k™/2m TN K
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o=4r.b

1 barn = 1028 m2

k — vinovy vektor

m — hmotnost’ neutronu

v — rychlost’ neutronu

o — ucinny prierez

b — rozptylova dizka .



Rozptylova dlzka - b

" fotony:
o interaguju s elektronovym
oblakom

" neutrony
o interaguju s jadrom

o priemernab

o izotopicky zavisla

Seda farba - b negativne
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Neutronovy rozptyl

E:, ke
i
E,, k, \X(
Q

" prenos energie: E = E, - E;

" rozptylovy vektor: Q =k; — k;

" rozptyl
O pruzny

O nepruzny
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Pruzny rozptyl

"= E=0
" k=k
" Q=2k;. sin(¢/2)

redly priestor

reciprocny priestor
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Nepruzny rozptyl

= Ex0, k =k
" Q= (k?+k? -2k .k;cosd)?
" pri konstantnom ¢: reciprochy priestor

o velkost aj smer Q sa menia
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Rozptyl

D
N

M: monochromator
E S: sample
/ / : D: detector
" uplny rozptyl ' g

o merany pomocou difraktometra

o ziadna analyza prenosu energie

A: analyzer

" pruzny a nepruzny rozptyl
o merany spektrometrom
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Pruzny rozptyl

" meranie Struktury

" Braggovske reflexie
" n.A=2d.sin(¢/2)

Neutron Intensity
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Nepruzny rozptyl

" meranie dynamiky

" pre E =0 - kvazielasticky neutronovy rozptyl
" 5(Q, E) — dynamicky struktarny faktor

S(Q,m) 4

Quasielastic

\

Elastic

Inelastic

| \

hoo=E
S(Q.0) =71S(Q.E)

© <0 Energy Transfer
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Ucinny prierez
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p‘j — — - — Z::
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o rozptylene = pq * ..' o : ® ©
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Rychlost rozptylu

" Ig=1ps=(D.A)2s.t =D.V.Zs = D.N.og
e IO =®.A (n/s)
o @ - neutronovy tok (n/cm?/s) A
o A - plocha ltca neutronov 1 barn (b) = 102%cm?
H
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" I = 0. Aexp(-Zt.t) % 20 H Cl Ni Nd ‘
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o dalsi rozptyl
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Porovnanie ucinnych prierezov rozptylu

" pre fotony
o (akQ=0) H D C N O Al Si

o menisasQaZ? | | | . I/_“\I ll/_ \ / _\\1

" pre neutrony

o slaba zavislost

naQaZz H D C N O Al Si

Fe
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Ucinny prierez absorpcie

" maly pre vacsinu prvkov
= vynimky: 3H, °Li, 1B, 113Cd, 1>"Gd

"o, r1l/vrA

0

= priklady
o transmisia:
* 1mm Al: 99 %
* 0.5 mm Cd: 0.3 %
o rozptyl:
* 0.1 mm vody: 5.5 %

* 1 m suchy vzduch: 4.8 %
absorbuje 0.7 %

logaritmicka skala
Absorption cross section (bfatom) (2200 m/s)

Atomic number £
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Pouzitie
= Struktara a dynamicke vlastnosti

o kovy, izolanty, polovodice, skla, magnetické materialy,
supravodice, hélium, plasticke krystaly, molekularne tuhé
latky, rozpustené soli, biomolekuly, voda, polyméry, ...

" podmienky merania

o teplota 0.05az 1 600 K, tlak do 2.5 GPa, magnetické pole
do 11.5 T, elektrické pole do 6 kV, kontrolovana vlhkost

" vyhody
o vlnové diZky porovnatelné s medziatémovymi
vzdialenostami

o Casové a priestorové suvislosti atbmovych
a molekularnych pohybov

o magnetickeé interakcie umoznuju studie magnetickych
materialov
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Pristrojové vybavenie
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Difraktometer
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Vysokorozlisovaci difraktometer

Monochromator ~ Collimator Source M
TR — -Q |
1350 —
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Geometricke usporiadanie

Closed cycle cryostat
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TOF difraktometer

100m

Detectors at 90°

Detectors at 30°

— 9m
em A A

ballistic guide

CH,4 moderator\ \

at 100K Wavelength Frame reduction
selection  from 50Hz to

typically 10 Hz

Detectors in
backscattering
position (168°)

Sample positions
at 1 m and 2m from
backscattering detectors
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