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Lysozyme

Camel protein

SAXS – provides overall shape of 
the complex

DAMMIN ab initio model of the complex. Refer to Day 3 
lectures and tutorials. ‘Ab initio methods: how they work’ 
and; ‘Ab initio programs tutorial.’

SAXS data – analysis indicates 
that the complex is a heterodimer. Real space distance distribution

A hypothetical case: Camel protein bound to lysozyme.

How do these 
components associate 
within the complex?
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The neutron:

Mass: = 1.675 x 10-27 kg
Charge = 0
Spin =1⁄2

Magnetic dipole moment: 
= - 1.913 µN 

n

James Chadwick:
Discovery of neutron (1932)

Lise Meitner,
Otto Hahn
Friedrich Straßmann
Otto Frisch
Nuclear fission (1938)

Wave-particle duality

Small-angle neutron scattering:

Neutron/nucleus interactions
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Controlled fission: nuclear 
reactor: ‘hot’ neutrons – high 
energy, multiple λ.

Moderators: ‘cool’ the 
neutrons down (lower 
energy)

Velocity selector: fine tunes 
neutron energies (λ)

Velocity selector: spinning blade.

Multiple λ-in Selected λ-out

Collimation guides and apertures 
(neutron guides): plane wave geometry

Detector tube (vacuum)

Movable detector

Neutron wave amplitudes 
propagate toward the sample as 
a plane wave.

Sample 
position

20-30 m 10-40 m

Quokka and Bilby, ANSTO.

‘cold’ neutrons: biology
λ = 4 to 7 Å

SANS Instruments: For bioSANS we use ‚cold neutrons.‘

n + 3He → 3H + 1H(p) + 0.764 MeV

Wood et al., (2015) Nucl. Instrum. Meth. A 798:44–51
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Solution small-angle neutron scattering (SANS)

Crystallography: SANS:

• Amplification of intensities (I) via 
reflections through a Bragg-lattice (i.e., a 
diffraction grid). Strong signal.

• Ordered distances between unit-cells. 
High spatial resolution .

• Directional information – convert to 
x,y,z in real space.

• No amplification of intensities through a 
grid, just scattering from ALL nuclei in 
the illuminated volume. In solution = 
mainly water! Very weak signal.

• Loss of spatial resolution + directional 
information – isotropic tumbling in 
solution through time: Scattering 
intensities, I = the sum of the time and 
rotationally averaged scattering from 
each particle in solution. 
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• For SANS - neutrons primarily interact with atomic nuclei.

• Three main outcomes when illuminating a sample with neutrons

• 1) Nothing happens – straight through (= Transmission)

• 2) Get absorbed.

• 3) Scatter . Elastic scattering = NO CHANGE IN ENERGY.

Inelastic scattering = CHANGE in energy.

Coherent scattering.

Incoherent scattering.

Combinations thereon!

‘Magnetic’ scattering.

Amplitude (A)

Wave-particle duality

SANS - waves, particles, nightmare.
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• PROBABILITY: The probability of a nucleus to scatter a neutron through a solid 
angle in a given time = (differential) cross section.

• Cross section can be conceptualized as a ‘probability circle’ with a radius. The 
radius relates to the scattering length of the specific nucleus. It is essentially a 
measure of the potential of the nucleus-neutron interaction.

Point source – s-wave 
scattering (i.e., spherical)

n – can 
speed up!

n – can slow 
down!

n – energy change. 
Both the direction 
and magnitude of the 
wave is changed. 
Inelastic scattering!

n – no energy change. Only the 
direction of the wave is 
changed: elastic scattering!

n
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s
Incident neutron of 
wavelength λ.

Potential interaction between the compound 
neutron and nucleus in the nuclear 
resonance field = momentum transfer to the 
neutron without a loss of energy= elastic 
scattering

Spherical wave front is 
produced.

The modulus of the scattering vector s, or 
momentum transfer.

!! s can be defined in a 
number of ways!!

Q = q = h = µ = k = s

Sometimes; S = 2sinθ/λ = 2πs 

For SANS we are after the coherently scattered 
elastic scattering component.
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In 2-dimensions: elastic scattering

Incident plane wave

circular scattered wave
180o phase shift

Repulsive energy potential Attractive energy potential

circular scattered wave
0o phase shift

12C
14N
16O
32S
31P
2H

1H

Neutrons scattered 
from 1H are 180o out 
of phase with 
neutrons scattered 
from most other 
biological isotopes!

Repulsive energy potential

Attractive energy potential

n

n

nucleus

nucleus
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Elastic coherent small-angle scattering = 
‘Sum the wave amplitudes game.’

Line of constructive interference

Preserved distance 
correlation between 
two scattering centres.

Coherent wave front

‘Wave amplitudes cancel’

‘Wave amplitudes add’

Of course, macromolecules have many, many atom pair distance correlations within 
extent of their volume boundary.

The coherent wave front is derived from the sum of the scattered wave aplitudes
from all of these correlations – time and rotationally averaged – as a function of 
angle. 

elastic scattering – no wavelength change
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What X-rays and neutrons ‘feel’
Neutrons are primarily scattered by atomic nuclei.

…basically empty space

…deep penetration of materials

X-rays are scattered by electrons.

Remember, neutrons have a magnetic 
moment. Neutrons undergo magnetic 
scattering from unpaired electrons in 
ordered magnetic lattices. Very useful 
in material science!

1 cm

1.25 kilometers to nearest electron.
nucleus

…unlike X-rays, low-to-no radiation damage!
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…but in terms of probability…
Each isotope has a different probability with respect to scattering a neutron, i.e., has a different neutron 
interaction strength. 

Represented as a conceptual ‘circle’ – or cross section.

The radius of the circle has a length and relates to what is termed the scattering length, b.

σ = 4πb2

Cross section: definition
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More formally:

A circular wave scattered by a nucleus follows:

(-b/r)eikr

Where b is the scattering length. Depending on the isotope in question, their initial 
energy states, the energy of the incident neutrons, energy transfer and spin interactions 
that occur within the compound neutron-nucleus, nuclear resonance states develop that 
lead to:

1) Scattering (the real component of b).
2) Absorption (imaginary components of b).

However, a neutron scattering length consists of two terms:

bn = bp + bs

Where the bp represents the probabilistic interaction of a neutron with a nuclear 
potential, and bs the represents the interaction with the nuclear spin.

For SANS the real part of the neutron-nuclear potential interaction is important as this 
gives rise to ELASTIC COHERENT scattering that can be used to determine the atom-

pair separation within a macromolecule.

n + 3He → 3H + 1H(p) + 0.764 MeV

3He has a high absorption cross section

Useful for detectors!

Spherical/circular wave bit
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The spin scattering term can be expressed as:

bs = 2B(IS)

Where B is the spin scattering length of an isotope (I and S are spin operators of the 
neutron and nucleus).

Spin-interactions can cause a problem for SANS experiments. If the spins of the atoms 
comprising the sample and the incoming neutrons are not ordered, neutrons will scatter 
incoherently. In other words, in disordered spin systems, incoherently scattered 
neutrons cannot be used to probe distance correlations. Incoherent scattering produces 
an additional background, independent of angle.

Incoherent scattering – that in basic terms ‘ripples across’ the entire coherent wave front 
– produces significant background noise in a SANS experiment across all angles.
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1H

12C

14N

16O

32S

-0.3741

0.6651

0.9370

0.5803

0. 2804

0.5130

0.6671
2H

31P

b(coherent) values (10-12 cm)

1H
2.574

0.404

2H

0.2

31P14N

0.02

b(incoherent) (10-12 cm)

The incoherent scattering length of 1H is enormous –
one of the longest incoherent scattering lengths!

The coherent b for 1H is negative: 
Attractive interaction potential.

Scattering lengths, biological elements.

The spin state of 12C, 16O and 
32S disallow incoherent scattering 
events from the ½ spin state of 
neutrons.
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If the distances, r, between the atoms of a marcomolecule are preserved 
then the amplitudes of the coherent wave front through s are proportionate 
to the sum of the atomic scattering factors (i.e., probability to scatter) 
weighted by the distribution of the distances between scattering pairs.

Spherical wave bit

‘Scattering factor’: relates to the atomic 
cross section, i.e., scattering length, or 
probability of an nucleus to scatter for 
every atom in the sample. 

The issue? We cannot access the amplitudes experimentally. We measure 
the intensity of the scattered radiation.

Amplitudes squared (actually the 
amplitudes multiplied by the 
complex conjugate of the 
amplitudes).

Now macromolecules in solution!

The amplitudes
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I(s) depends on the number-density and type of nuclei per unit 
volume, i.e., the scattering length density, ρ.

Different atoms = different isotopes = different scattering lengths = 
different scattering, or form, factors (F(s)) resulting in different 
weighted contributions to I(s), all bound within the volume of the 
macromolecule.

For X-rays: The atomic scattering 
amplitudes increase (essentially) 
monotonically with atomic 
number AND decrease as a 
function of angle.

For neutrons: The coherent 
scattering amplitude appears to 
be ‘all over the shop’ i.e., 
depends on the isotope in 
question. There is very little 
angular dependence in the 
coherent elastic scattering 
amplitudes.
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I (s) = 4π p(r)
sin(sr)

sr0

Dmax∫ dr p(r) = r2

2π
s2I (s)

sin(sr)

sr
ds

0

∞
∫

If there is an excess of scattering density (positive or negative) in a 
macromolecule compared to the supporting solvent, the scattering intensity 
I(s) – and thus the associated form factor in reciprocal space – relates to an 
atom-pair distance distribution function of the particle, p(r), in real space by 
a Fourier transform:

Reciprocal 
space 
intensity

Lysozyme in 100% 1H2O Lysozyme in 100% 2H2O

Incoherent neutron scattering in 1H2O is quite evident!

But remember, incoherent 
scattering from 1H adds a lot 
of noise to I(s) in systems 
with high concentrations of 
‘regular water’.

-0.3741

2.574

1H

b(coherent) b(incoherent)

Jeffries et al., (2016) Nature Protocols 11:2122-2153
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Combine the:

1) Atomic scattering factors with;

2) The excess scattering length density distribution within the volume of 
a macromolecule and…

you obtain a very simple set of (not quite correct) relationships for the 
measured intensities (reciprocal space scattering):

I (s) ∝ P(s)

I (s) ∝ ρ
I (s) ∝V

Form factor of the entire macromolecule –
relates to real space distance distribution 
between all scattering pairs inside the 
volume boundary.

The scattering length density SQUARED

The particle volume SQUARED

2

2



∑ ∆= n

i iii sSsPVsI )()]()[()( 2ρScattering 
intensity...

Is the SUM of the 
scattering from every 
particle i within a sample...

Weighted by the difference in scattering length 
density of particles against the solvent and the 
volume of the particles SQUARED...

...and the form 
factor ...and the structure 

factor

More formally, after solvent scattering contributions have been subtracted:

Jeffries et al., (2016) Nature Protocols 11:2122-2153



19/11/201821

Because coherent scattered neutrons from the common biological isotopes and 
2H are 180o out of phase relative neutrons scattered from 1H, we can ‘control’ the 
magnitude of the coherent wave front.

In other words we can control the scattering length density of a system, ρ, and 
thus alter the contrast (∆ρ) or the difference in scattering length density between a 
macromolecule and its solvent.

How? Isotopic substitution: swap 1H for 2H

I (q) = [(∆ρ
i
V

i
)2 P

i
(s)]S(s)

i

n

∑
We can control the 
magnitude of the 
intensities…

…even though we may 
have no control over 
the shape.
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I(s) in the small-angle region depends, and indeed only arises, if there is 
a difference between the average scattering length density of the solvent 
and the average scattering length density of the particles of interest. This 
difference is known as contrast and is represented as

∆ρ = ρ − ρs,

where ρ and ρs are the mean scattering length densities of the particle 
and the solvent, respectively.

Contrast

I (s) ∝ ∆ρ2
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So now if we now take a solution.

We can sum the coherent scattering lengths for each isotope of each atom 
per unit volume to obtain the average scattering length density, ρ, of the 
solution.

Substituting 1H with 2H, e.g., replacing regular light water (1H2O) 
with heavy water (2H2O, or D2O): ρ will change

Σbi/V 

2H2O solution1H2O solution
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If we now take a macromolecule and put it into two different ρ solutions...

We obtain two samples each with a different contrast.

Contrast = the difference in the average scattering length density of 
the macromolecule and the average scattering length density of the 
solvent.

Low contrast = weaker coherent scattering 
intensities.

High contrast = stronger coherent scattering 
intensities.

1H2O/2H2O solution All 2H2O solution

I (q) ∝ ∆ρ2

I (q) = [(∆ρ
i
V

i
)2 P

i
(s)]S(s)

i

n

∑
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If we now take a complex with two different regions of average scattering 
length density and put it into two different ρ solutions...

We can access the coherent scattering contributions from the individual components 
of the complex (while bound together), depending on the 1H/2H ratios in the solvent 
(i.e., the % v/v 2H2O).
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Different classes of macromolecules have different average scattering 
length densities.

The reason? Proteins, polynucleotides, and 
lipids naturally have different 1H per unit 
volume. 

If hetero-macromolecular complexes, e.g., 
protein bound to DNA, are placed into the 
appropriate % v/v 1H2O/2H2O solvents, it is 
possible to extract the scattering contributions 
for the whole complex (e.g., 100% v/v 1H2O 
buffers) and from the individual components at 
the respective match points (for example 43% 
and 65% v/v 2H2O).

Match point: ∆ρ = 0

This type of experiment is 
called contrast matching.



How do I calculate the 
contrast?
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http://smb-research.smb.usyd.edu.au/NCVWeb/

MULCh: Modules for the analysis of 
small-angle neutron contrast variation 
data from bio-molecular assemblies.

Whitten, A. E., S. Cai, and J. Trewhella (2008) MULCh: ModULes
for the analysis of small-angle neutron contrast variation from 
biomolecular assemblies. J. Appl. Crystallogr. 41:222–226.

Jeffries et al., (2016) Nature Protocols 11:2122-2153
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Incoherent scattering generates a number of practical problems.

1) It can complicate contrast matching experiments, Intuitively, if 
the scattering intensities at a match-point follow:

I (q) = [(∆ρ
i
V

i
)2 P

i
(s)]S(s)

i

n

∑

and SANS data are collected in high % v/v regular water buffers 
(>50%) from a small volume component, then incoherent 
scattering may ‘drown out’ the coherent scattering signal.

2) Complicating matters is 1H/2H exchange between the 
macromolecule and solvent. This ‘internal scattering length 
density fluctuation’, that has an incoherent scattering component, 
can introduce errors when trying to measure data at a precise 
match point. If the SANS data are not measured exactly at the 
match point then the data will have scattering contributions from 
these fluctuations and the bound partner!

Contrast 
variation 
combined with 
bio-deuteration.

The solution?

Incoherent scattering, contrast matching and other problems

Biomacromolecules are NOT homogeneous 
neutron scattering length density objects 
because they are in dynamic exchange with 
1H (or 2H) in the solvent! 
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Contrast variation.

Contrast variation means to collect SANS data from 
samples and buffers across several % v/v 2H2O 
concentrations in the solvent.

0%, 20% 40%, 80% 90% 100%

A series of linear equations can be used to extrapolate the 
component scattering functions and structural parameters, 
e.g., I(0) and Rg.

For a  complex

For a single component

Component 2 
contribution

‘between’ component 
contributions (cross-
term)

Component 1 
contribution

(Two scattering length densities)

(One scattering length density)

Whole complex 
scattering

‘near’ 
component 1 
match point

‘near’ 
component 2 
match point

Scattering 
dominated by 
component 1.

Scattering 
dominated by 
component 2.

Scattering from 
component 1 
and 2.
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Molecular weight analysis from SANS with contrast variation.

A deviation from linearity for a two-component 
system through the contrast series is an indication 
that there is something wrong with the sample: 

Incorrect % v/v 2H2O.
Aggregation.
The complex falls apart in 2H2O.

‘invert’

Linear

The forward scattering intensity at zero angle, I(0), is basically the total scattering derived from all 
distance correlations within the volume of particles (assuming no interparticle interactions), i.e., where 
the scattering amplitudes constructively interfere and add together.

I (0)∝V 2 For a two component 
system you “match in” and 
“match out” components 
through the contrast 
variation series, including 
for the whole complex.

Whole complex I(0)

Component 1 I(0)

Component 2 I(0)



Stuhrmann showed that a relationship exists between the Rg
2 and 

the inverse of the contrast for a scattering object comprised of two 
scattering length densities

where Rm is the Rg at infinite contrast, α the second moment of the 
internal density fluctuations within the scattering object, and β is a 
measure of the displacement between the components centres of 
scattering length density.
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Radius of gyration (Rg) analysis from SANS with contrast variation.

E.g., if β = 0, then the components share the same 
centres of scattering length density (‘centre of 
mass’).

zero α implies a homogeneous scattering particle

positive α implies the higher scattering density (on 
average) more toward the outside of the particle

negative α places the higher scattering density (on 
average) more toward the inside of the particle

Scattering arising from non-uniform 1H/2H 
exchange can ‘warp’ the structural 
parameters extracted from the analysis!
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Whole complex 
scattering

‘near’ 
component 1 
match point

‘near’ 
component 2 
match point

Scattering 
dominated by 
component 1.

Scattering 
dominated by 
component 2.

Scattering from 
component 1 
and 2.

Component 1

Component 2

Component 1 P(r) vs r

Cross term P(r) vs r

Component 2 P(r) vs rP(r) vs r can also be calculated for 
each contrast point, including the 
‘whole complex’ scattering in 0% v/v 
2H2O!

Add in SAXS data for modelling!!



How?
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MULCh: The ‘Rg’ and ‘Compost’ modules

Rg module: Stuhrmann analysis.

Compost module: component 
scattering analysis.

Whitten, A. E., S. Cai, and J. Trewhella (2008) J. 
Appl. Crystallogr. 41:222–226.

http://smb-research.smb.usyd.edu.au/NCVWeb/
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Returning to our camel problem …
The camel complex is a protein-protein complex. Almost 
all proteins have the same average neutron scattering 
length density because they all have approximately the 
same non-exchangeable 1H per unit volume.

SANS will not provide any more information than SAXS 
regarding the shape of the complex.

There is simple solution! Split the match points of the 
components by changing the scattering length density of 
one of the components!

How? 

Biodeuteration – alter the 1H per unit volume of one of the 
proteins by substituting non-exchangeable 1H with non-
exchangeable 2H! Jeffries et al., (2016) Nature Protocols 11:2122-2153
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The deuteration of recombinant proteins in Escherichia coli is predictable.

Basic minimal media with a 
selected ratio of 2H2O.

Non-linear relationship. For 
example for 60% non-
exchangeable 2H in the target 
protein, we require 80% v/v 2H2O 
media.

Must use an E. coli B strain (e.g., 
BL21) – K12 strains (DH5α) do 
not grow.

Growth is VERY slow and 
requires cell adaption to the 
2H2O. This can take several days 
to a week.

Leiting, Marsilio and O’Connell (1998) Predictable deuteration of recombinant 
proteins expressed in Escherichia coli. Anal. Biochem. 265:351-355

Duff et al., (2015) Robust high-yield methodologies for (2)H and (2)H/(15)N/(13)C labeling of proteins for structural 
investigations using neutron scattering and NMR. Methods Enzymol. 565:3-25
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How do you choose a deuteration level?

Whitten, A. E., S. Cai, and J. Trewhella. (2008) J. Appl. 
Crystallogr. 41:222–226.

MULCh: In ‘Define macromolecules’ you can select average non-exchangeable 
deuteration levels on the components of a complex, then model the match 
points of a complex, taking into account 1H/2H exchange with the solvent. If a 
crystal structure is available, you can also use CRYSON (part of ATSAS).
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For the camel complex: deuterate lysozyme to 60%.

Deuterated lysozyme Camel protein

Rigid body modelling against the SANS 
contrast variation set using SASREFcv (Part 
of ATSAS.) Experimental contrasts can be 
used, e.g., from transmission or mass 
density measurements.

---Refer to Day 4 lectures and tutorials. 
‘Rigid body refinement (basics)’ and; ‘Rigid 
body refinement tutorial.’

Deuterated
lysozyme 
dimer

CRYSON can be used to calculate the partial neutron scattering amplitudes of deuterated
and non-deuterated components, (and can take into account the % v/v 1H2O of the solvent 
when fitting structures to experimental data). CRYSON: Svergun et al. 

(1998) PNAS 95:2267–
2272.



MONSA Modelling
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Svergun, D.I. & Nierhaus, K.H. (2000) J. Biol. Chem. 275, 14432-14439

Volume occupancy: (KinA Sda complex)

Whitten et al., (2007) J. Mol. Biol. 368: 407-20

Cross section distribution

Whitten et al., (2008) PNAS 105(47):18360-365

MONSA is part of ATSAS.

---Refer to Day 3 lectures and tutorials. ‘Ab
initio methods: how they work’ and; ‘Ab initio 
programs tutorial.’
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Other examples.

Macromolecular assembly: myosin 
binding protein C and F-actin

Unfolding of HIV1 matrix protein on binding calmodulin.

KinA/Sda bacterial sporulation control complex.

KinA.

Sda.

Actin 
filament 
(red).

cMyBP-C 
(blue).

Whitten et al., (2008) PNAS 105(47):18360-365 Whitten et al., (2007) J. Mol. Biol. 368: 407-420

Chow et al., (2010) J. Mol. Biol. 400: 702-714
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More exotic examples:

Macromolecular crowding of an intrinsically 
disordered deuterated protein in high-
concentration non-deuterated protein solutions.

1) N-protein (IDP) 
experiences minimal 
compaction as a 
result of crowding by 
BBTI.

‘Stealth nanodiscs’.

Ultimate goal is to use 
nanodiscs as a support 
for membrane proteins!

Membrane 
protein.

Nanodisc.

Match out the metal 
nanoparticle!

Nanomagnetite particles

Added to human serum albumin (HSA)

Selma Maric; Lise Arleth

Acta Cryst. (2014). D70, 317–328. 

Johansen et al., (2010) Biophys. J. 100(4): 1120-1128
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A very extensive example the 70S ribosome:

SAXS data

Spin contrast SANS 
data

70S

30S

50S

Protein

Protein

RNA

RNA

Crystal structure

Crystal structure

20001997/2000Svergun et al., (1997) Journal of Molecular Biology 271, 602–618. Svergun and 
Nierhaus (2000) Journal of Biological Chemistry 275, 14432–14439. 
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The measurement principle for SANS is similar to SAXS.
• Sample scattering measurement.
• MATCHED buffer/solvent scattering measurement.
• Empty cell measurement.
• Normalisation (sample/buffer transmittance).
• Radial averaging; 2D-to-1D (reduction).
• Subtraction of solvent and sample cell scattering contributions.

‘Preserved’ distance correlations 
within the macromolecule give 
rise to the SAS signal.

The buffer DOES scatter, but at the distances 
probed with SAS there are no ‘preserved’ distance 
correlations! ‘Flat’ scattering!

Sample Scattering

Buffer Scattering

Subtract

Scattering contributions of the 
macromolecules in the sample

In
te

ns
ity

(I
(s

))

s (Å-1)
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Controlled fission: nuclear 
reactor: ‘hot’ neutrons – high 
energy, multiple λ.

Moderators: ‘cool’ the 
neutrons down (lower 
energy)

Velocity selector: fine tunes 
neutron energies (λ)

Selected λ-out

Collimation guides and apertures 
(neutron guides): plane wave geometry

Detector tube (vacuum)

Movable detector

Sample 
position

20-30 m 10-40 m

Multiple λ-in
Neutron wave amplitudes 
propagate toward the sample as 
a plane wave.

λ (∆λ/λ)
‘cold’ neutrons: biology

λ = 4 to 7 Å

∆λ/λ = 5 –10 %

SANS Instruments: Additional considerations

n + 3He → 3H + 1H(p) + 0.764 MeV

The other issue is that the ‘plane waves’ 
are not quite planar. Depends on where 
you place the guide, i.e., virtual source
apertures. ‘Beam geometry corrections’ 
are required.

The issue is that there is a ‘wavelength spread’, 
meaning there is error in s!

However…
Velocity selectors 
are not perfect
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• Sample transmissions easier to measure at a short 
detector position
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Aspect to consider: sample preparation.

1) Is your complex a complex in 2H2O?

The hydrogen bonding strength of 1H2O compared 
to 2H2O is different. This can significantly alter the 
solubility of macromolecules in solution! 

2) Compared to SAXS, you have to prepare more material.

Neutron beams are typically 7–12 mm in diameter. 
The sample cells hold between 250–400 µl of 
sample. For a 5-point contrast series this means 
preparing 1.25–2 ml of sample (5–7 mg.ml-1)! 

3) Exposure times are LONG. Is your sample stable?

Neutron sources are orders of magnitude less 
intense than X-rays. Exposure times are typically 
between 15 min–2.5 hrs, depending on the 
detector position, sample concentration and 
instrument. To cover a q-range, usually more than 
one detector position is required. Remember as a 
component is matched out, the scattering 
intensities will decrease!

q = 0.007-0.25 Å-1

(1-1.5 hr)

q = 0.1-0.6 Å-1

(15-20 min)
+

+ Detector movements (5-10 min), 
transmittance measurements (1-2 min).

For 5 samples and 5 buffers, MT cell and 
blocked beam = 6 – 24 hrs!

pD = pH
(measured on pH meter)

+ 0.4

p2H and pH are 
also different!



More on sample preparation
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(2016) 11: 2122-2153

Also refer to lecture at 16:00 today:

‘Sample preparation and characterisation.’ Melissa Gräwert
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