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Outline

Small angle neutron scattering:

1. Experiment setup

2. Data reduction

3. Instrument resolution function
4. Standard plots

5. Contrast variation

Neutron reflectometry:
1. Surface reflection
2. Reflection of thin film

3. Surface roughness



SANS Experiment Setup
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Data Reduction
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Sample transmission 7isample
Sample scattering Sisample
Background (empty cell) transmission 7icel?|  7Zlabs =Sisample —Iiblock /Tisample —Sicell —Iiblock
Background (empty cell) scattering Siceis
Direct open beam intensity Zlopen
Blocked beam (room background) 7i/ock




Data Reduction (cont’d)

Habs (Q )=SIsample —Ilblock /Tisample —Sicell —Ilblock /Ticell =/lscattered (26,0)/lincident Timate

oli: microscopic cross section [L?] (cm?)

ndi: number density [L3] (cm™3)

(cm™)

Jlabs: absolute intensitv



I(Q) (cm™)

Data Reduction (cont’d)
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Peaks, bumps, oscillation: size, distance, interface sharpness

Amplitudes: concentration, contrast, coherent/incoherent scattering



Instrument resolution

Instrument resolution function
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Instrument resolution (cont’d)
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Standard Plots (1) — Guinier Plot
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/— slope = - R, /3
Ln 1(Q)

Gumler Region

QZ

3D:

/(0=0)=nlpT2 VipT2
ni@) s R

RIG=v0.6 R

1(@)=1(Q=0)el—- Q12 RIGT2
(Q)=1(0=0)eT-¢Q /3 (ORIG<L)

Generalization (modified Guinier plots):

[(Q)=llc (0=0)/0 eT-QT2 RicT2 /2

1D:
(ORlc <0.8)
In[OQI(Q)] vs. Q12 R=V2 Rlc
1(Q)=1t (9=0)/012 eT—(Q12 RItT2
2D:
(ORIt 0.8 )
In[Q12 [(Q)] vs. Q12 R=V12 Rit

1. Only valid for dilute solution.

2. R and R_ does not have shape information.




1(Q) (cm ™)

pH dependent self assembly of 3 -
amyloid(10-35) and B-amyloid(10-35)-
PEG3000

P Thiyagarajan " T.S. Burkoth ," V. Urban ,“ S. Seifert ,’
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Guinier Plot - Examples
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Interpretation of small-angle x-ray scattering data from dilute montmorillonite suspensions
using a modified Guinier approximation
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Standard Plots (2) — Porod Plot

At high Q limit: e#»>1)

Mass fractal (3D): 7(Q)xo1-dif
Surface fractal (2D): 7(¢)x@rdif —6

/(Q)xQT—1 =cylinder

/(Q)xQT=5/3 = polymer in good solvent
[(Q)xQT-2 =polymer in 6—solvent [(Q)xQT-3
= polymer in poor solvent

[(Q)xQT-2 =disk

[(Q)xQT—2~—-3 =mass fractal
[(Q)XQT-3~—4 =rough interface

[(Q)xQT—4 =perfect surface

Q)

QR

[(Q)=27mA/QTA

A: surface area of the spheres



1(Q)Q72 vs. Q

* Cylinder
* Linear polymer chain
* Globular structure
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Standard Plots (3) — Kratky Plot
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Generalized Kratky plot
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Standard Plots (4) — Zimm Plot

1/1(Q) vs. Q12
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Contrast Variation

Coherent scattering signal
VS.

- incoherent scattering background
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Contrast Variation (cont’d)
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EUROPHYSICS LETTERS
Ewrophys. Lett., T (3), pp. 243-248 (1988)

Contrast Variation - Example

1 October 1988

Direct Measurement of Partial Structure Factors in Micellar
Solutions by Small-Angle Neutron Scattering.

P.-J. DERIAN, L. BELLONI and M. DRIFFORD

CEA-IRDI-DESICP, Département de Physico-Chimie
CEN-Saclay - 91191 Gif-sur-Yvette Cedex, France

(received 4 February 1988; accepted in final form 21 July 1988)

PACS. 61.12 - Neutron determination of structures.
PACS. 82.70 — Disperse systems.

PACS. 65.50 — Thermodynamic properties and entropy.
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Reflected

Transmitted

WJ0 =elikd0 z+rel—ikl0 z

YI1 =¢telikdl z

Y0 |[Iz=0 =VP!/1 |{z=0
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Surface Reflection (cont’d)

R=[lr)|12 = [N\~V1~167p/Qiz12 1+V1-167p/QlzT2 [T,

= T
=1

10 \
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0: scattering length density of the substrate

Critical edge: gic=4vzp

Example: Si substrate
0=2.07x10° A-2, Q.=0.0103 A1
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Reflection of Thin Film

thin film
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Reflection of Thin Film (cont’d)
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Effect of Surface Roughness

Method 1: treat as multiple discrete steps and solve the reflection numerically

Method 2: assume the roughness as a Gaussian distribution & (0,0)

R=Riflat eT-QJL QILTt oT2 =Rlflat eT-QILT2 oT2
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Effect of Surface Roughness (cont’d)
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Example: Thin Film with Deuterated Layers
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