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Type equation here.

Reflectometry from an oily puddle

Oil

Water

Air
n1
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t

Surface
Normal

𝑛1 sin 𝜃1 = 𝑛2 sin 𝜃2

Snell’s Law:

𝑟𝑠 =
𝑛1 cos 𝜃1− 𝑛2 cos 𝜃2

𝑛1 cos 𝜃1+ 𝑛2 cos 𝜃2

Fresnel Coefficients:

θ1

θ2



Cold Neutrons – a tailor-made probe

•Neutron wavelength in the Ångstrom regime (ISIS TS2 NR ~1 - ~16 Å).

 

• H / D contrast

 

 

• Magnetic Moment

 

  

• Highly penetrating

 

•Non-Destructive
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Isotopic Contrast Variation

Element Scattering Length (b)/ 

10-5 Å

Hydrogen (99.98% protium) -3.74

Deuterium 6.671

Carbon 6.646

Nitrogen 9.36

Oxygen 5.803

Sulphur 2.847

Phosphorus 5.13

O
H H

O
D D

H2O D2O

nSLD (ρ) = -0.56 × 10-6 Å-2 nSLD (ρ) = 6.35 × 10-6 Å-2

𝜌 =
σ 𝑏

𝑉
 

n ≈ 1 – (
𝜌𝜆2

2𝜋
)



Neutron Reflectometry



Introducnig Reflectometry

𝜌 =
σ 𝑏

𝑉
 n ≈ 1 – (

𝜌𝜆2

2𝜋
)



Reflectometry gives you Thicknesses

𝒅 =
𝟐𝝅

∆𝑸

𝑸𝒄𝒓𝒊𝒕 = 𝟏𝟔𝝅 × (𝝆𝒔𝒖𝒃 − 𝝆𝒔𝒖𝒑)
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Kiessig Fringe Frequency is inversely proportional to Thickness
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Reflectometry gives you Composition
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NR ~Describes the Scattering Length Density Profile Across and Interface 

𝑅 𝑄𝑧 ≈
16𝜋2

𝑄𝑧
4 න

−∞

+∞

𝜌′ 𝑧 𝑒𝑥𝑝(−𝑖𝑧𝑄𝑧)𝑑𝑧
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What you need to resolve your structure:

• Priori information:

• Simplest form knowledge of the superphase and subphase.

• Knowledge of the neutron scattering length density of the interfacial 

components:
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Reflectometry gives you Structural Complexity

-0.37 × 10-6 Å-2

1.98 × 10-6 Å-2

6.35 × 10-6 Å-2

-0.56 × 10-6 Å-2



Beware of ambiguity!



Neutron Reflectometry Modes: Air/Liquid & Solid/Air 
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𝑄𝑧 =
4𝜋𝑆𝑖𝑛𝜃

𝜆

Neutron Reflectometry : Air/Liquid



Neutron Reflectometry: Solid-Liquid 

Clifton et al, 2019, Lipid-Protein Interactions, Methods in Molecular Biology, 201-251  



Neutron Reflectometry: Solid-Liquid / Air-Solid

Lower Qz

Higher Qz

Lower Qz Higher Qz

𝑄𝑧 =
4𝜋𝑆𝑖𝑛𝜃

𝜆



Soft Matter NR and Isotopic Contrast Variation

100% D2O 38% D2O 100% H2O



Isotopic contrast allows for Individual Components to be Identified amongst 

Complex Samples Natural Contrast : Substrates
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Isotopic contrast allows for Individual Components to be Identified amongst 

Complex Samples Natural Contrast : Substrates

Woden, B.; Skoda, M. W. A. et al. Atmospheric Chemistry and Physics, 2021, 21, 1325.



Isotopic contrast allows for Individual Components to be Identified amongst Complex Samples: Deuteration



Clifton et al, Langmuir, 2015, 31, 1, 404-412. 

D2O

H2O

SMW

Mixtures of d- and h- labelled Lipids : Resolving Complexity



d-Proteins : Resolving Complexity and Gaining signal

h-Protein

Clifton et al, Science advances, 2023, 9 (22), eadg7940 



d-Proteins : Resolving Complexity and Gaining signal



Time-Resolved Neutron Reflectometry

Ayscough et al, ACS Chem Biol, 2026, 21 (3), 565-576



Thank you for listening 
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