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Reflection and Refraction:

,
Snell’'s Law
UNIVERSITET
For specular reflection:
Optical Notation —
P (I)i _ (I)r
B : .
o Transmitted beam is
" NV refracted:
n, or N, sin ¢, = Ny Sin ¢,

n IS refractive index




Reflection and Refraction:
U#IE/PESI?SI#ET Sne”,s LaW

For specular reflection:

Neutron Reflection

Notation
ei - er

Beam

Ny Transmitted beam is
e| er
“ refracted:

N

: 2 n, cos 0, = n, cos 6,

n Is refractive index
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Reflection — measured quantities

ected beam
eflected: 2 0

ectivity

R(Q) = Ir/lp(1)
\/ Momentum transfer

Q = (4xn/L) sin O



Contrast in a Thin Film
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Calculation for Neutrons 108400 1
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Roughness
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Reflectivity from rough surfaces is decreased.
1.0E+00 wewew LoEoe
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108024 %
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- L. Nevot. P. Crocé J. Phvs. Appl. 15. T61 (1980



Intensity of Reflected Signal
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Waves interfere constructively for
2dsin0 =2, 2A, 3\ ... (Bragg's law)

Measured reflectivity will depend on angle and wavelength.

Total reflection for angles less than critical angle,
0. = arccos(n,/n,)




Useful Physical Ideas
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Isotopes (e.g. D/H substitution) can be used to label
particular species or alter contrast

L] Sapphire
1 p,o

B Adsorbate
B 0




Useful Physical Ideas

UrrsaLA — Models for complex interfaces:
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multiple thin layers of different refractive index, n

Meutron beam
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Understanding Reflection -

Monolayers
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Understanding Reflection -

Monolayers
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Understanding Reflection -
Monolayers

2.0E-07 +

UNIVERSITET

—_— A

—15 A
—20 A
30 A

1.0E-07

05(Q) / A2

0.0E+00 -

0.3
Qz /A1

0s(Q) =Q*(R—Rp) /(1 -R)



Solid/liguid Sample Cell

UPPSALA D17 reflectometer
UNIVERSITET ILL, France

Sample Temperature
outlet sensor

PTFE
sample holder

Aluminium
cell holder

Back Reflection
surface surface
(silicon) Sample (silicon or

inlet sapphire)

- A. R. Rennie et al. Rev. Sci. Instrum. 86, (2015), 016115.



Neutron reflection
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Contrast matching gagphlre
2
Solvent hydrogen/deuterium - Adsorbate
composition
B H,0
Neutrons
= >

bt

Adsorbate / D,O Adsorbate / H,O



» Liqid surfaces / Model Lung

wesaa SUrfactants
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Spread films
of lipids and
proteins on a
Langmuir
trough




2 » Observe Reflectivity changes
wsaa  AUMNG @ reaction

UNIVERSITET

® t=0s
t=750s

® t=1350s

® t=1650s

Pd.OPC with O,

Log, , reflectivity

-6.0 —
0.06 0.08 0.10 0.12 0.14 0.16
WA A

D Langmuir, 29, (2013), 4594-4602.




G Observe Reflectivity changes during

srsaa @ Feaction
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D Langmuir. 29, (2013), 4594-4602.



Lung Surfactant — a simple model

35
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Deuterium labelling clarifies Compare deuterated palmitic
ozone damage mechanism chain and oleic chain

- Research: Uppsala, Birkbeck, ISIS
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DPPC - saturated

lipid

Saturated Lipid

1.2
| — 60
g |4 0
B 1.0 e krig e e m o gy [ 503
1= | ':FBELT:' Elq:[: (= ﬁ
®© — 400
E 0.8 — | E
5 | - 308
= a1}
% P —— 5
-E 06— | — Eﬂz
o O Relative deuterium at interface 3,
g I E === Surface pressure — 10
|O
0.4 T T T T T 1 0

0 5 10 15 20 25 30 35
Time / 10° s

Langmuir, 29, (2013), 4594-4602.
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Surface pressure / mN m

. 3
Pdy70OPC g POFG Time /10" s

n=2101Tm b =358 m

End of one chain is lost and
gives transient surface pressure
Increase

Langmuir, 29, (2013), 4594-4602.




Perennial Rivers in Africa
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Major Steps in Purification
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Water Chemical

flocculent

/ Reservoir
Adjust pH

=)

w T
Clarification Bactericide u
Q Disinfection

Filtration

=)

Distribution

Details vary according to initial
water source and requirements




Muddy Water treated with crushed
Moringa oleifera seeds
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Moringa oleifera
protein in D, 0O at
silica surface as
model for mineral

Effect of concentration

logqo(Reflectivity)
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MO Protein Adsorbed Layer on SIO,
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Adsorption to PS Latex Particles
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o 0.5mg/mL
100 4 S o 1mg/mL
DA ™ a 2mg/mL
: . ' 10 - N °© 5mg/mL
Moringa oleifera 5 3 >mo/m
protein. o 1
Deuterated latex o1
in D,O oo1 | | |
0.001 0.01 0.1 1
Q/A*
[ )
DX SANS Data — D22 ILL
L (] ‘ . ,
W 40 Use ‘contrast matching
o

with D,O
- Hellsing et al Coll. Surf. A, 460, (2014), 460—467.
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Surface excess / mg m

Adsorption Different Surfaces

O Sapphire Surface Excess
—— Fit Langmuir Isotherm
m  Silica Surface Excess
— — Fit Langmuir Isotherm
= Polystyrene Latex Surface Excess

87 —— Fit Langmuir Isotherm Latex
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Protein concentration / wt%
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, Slope -0
é*\ h - In |
vy LY Re
In Q
Mass fractal - Gcattered Intensity
d
M~ R Q =(4n/L) sin(6/2)

Diffusion limited d.~ 1.75

Reaction limited d;~ 2.3 Weitz, Meakin et al.



USANS — hydrogenous latex
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0.00001 0.0001 0.001 0.01 0.00001 0.0001 0.001 0.01
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0.2% Moringa Oleifera protein  0.2% Moringa Stenopetala protein
Flocs — change with particle concentration

-ira (1988) ‘Small-Angle Scattering by Fractal Systems’ J. Appl. Cryst. 21, 781-785.



Fractal Dimensions
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Hellsing et al Coll. Surf. A 460, (2014), 460-467.
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Adsorption to range of
different particles promotes

@
heterocoagulation

4

Adsorb &
Flocculate




@ Can we stick particles at a
s SUrface?
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0.0 pm 2.0 4.0
134.2 nm 179.6 nm
100.0 100.0
80.0
50.0
60.0
0.0
40.0
20.0 -50.0
0.0 —-100.0
P ~142.9
Acid cleaned Glass rinsed with Moringa
glass oleifera seed protein

- Coll. Surf B: Biointerfaces 168. (2018). 68-75.



Controlled Binding
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Depends:
0
E + rinsing 0.1 wt % Moringa on quartz .
. 0.5 wt% PS3 Square root of time
s . Rinsing 0.5 wt% PS3
L1 Concentration
z
%9-3 i = Particles adsorbed on the surface versus the time of deposition
— 2 50
4 E: T % 45
) : FRL
S - I g 30 }
| { THENE
1 3 40.0037 %wt
! , ! s ! 7 20
K 0.03 0.06 0.09 L * % MO.0075 hut
) £ ' 0.00075 %wt
q (A7) 0 2
E O,ST
§ okt Z _ 5
0 1000 2000 3000 4000 5000 6000

Time of deposition /s

Coll. Surf B: Biointerfaces 168. (2018). 68-75.
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Nouhi et al. J. Appl.Cryst. 50, (2017) 1066-1074.



Penetration depth
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—~ 10*F 1/e
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A depth sensitive ~ !
. on
technique: R-
10 J
. Wavelength 10"k . . | | | |
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0./0

1 C

B Nouhietal. J. Appl.Cryst. 50, (2017) 1066-1074.



g Diffraction from Surface Layers
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Transmitted
beam

————— Horizon

Specular

“n
reflection Qx".
T Scattering from
Qz incident beam
o0 N < 'S o ) N <t ™ o ol
S $ 9 S % S 8 5 5 S <

Q, (nm’)
Nouhi et al. J. Appl.Cryst. 50, (2017) 1066-1074.
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Thank you for your attention

Questions?




