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Introduction.

A The electromagnetic spectrum.
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Introduction.

Amplitude (A)

Four main outcomes when illuminating a sample with EM radiation

1) Nothing happens i straight through (= Transmission)

2) Get absorbed.

3) Get absorbed and re-emitted at a different wavelength: Fluorescence.

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

o To o Do I»

Inelastic scattering = CHANGE in energy.
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Now | take an electroné

And put it in an electromagnetic fieldé

éthe el ectron begins
applied EM field at the frequency of the

incident wave.
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Option 1:

A The radiation is transmitted.

A However during the oscillation the phase velocity of the EM wave
(defined as | /T, where | is the wavelength and T the phase period) is
momentarily fAslowedo due to the i
the electron. It may undergo a phase delay (e.g., 90 °)

A For bulk materials, the intrinsic ability of a material to slow the phase
velocity, v, relates to the refractive index of the material, n, whereby:
n=clv

A The refractive index of water (using a laser at around 589 nm) is
about 1.333 meaning that the light travels 1.333 times slower in water
compared to light in a vacuum (c).
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Option 2: Elastic scattering.

OHar monic oscillationdéd of the el
EM field (di-pole oscillation).
E

OMomentum transf
photon without a loss of
energy= elastic scattering

Spherical wave front is
produced.

Incident
electromagnetic field
of wavelength | .

)T
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Now think of a protein as a collection of electronsé

A If the protein is placed in an EM field with a wavelength MUCH LONGER
t hat the overall size, -whde&Mdfpeld wsl

A Intuitively, the larger the protein, the more electronsé

A The more electrons = higher probability of scattering = higher scattering
intensity.

A So, if you can measure the intensity of the scattered radiation and know the
protein concentration, you can obtain a molecular weight estimate.
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|l n effect the macromol ecul e acts as
with the same wavelength as the incident beam (elastic scattering).

—E’(O) /\
1(0) @q

I
. <D
Incident beam: coherent, - < —
. Oscillating dipole, m . E
monochromatic, focused |
(e.g., alaser) S

rp,= sample to detector distance Detector

_ 2 Inversely
The magnitude of - _ " m 1 proportional to the
the Si_Catdte“ng T g 5 » < sample-to-detector
amplitudes. ot }/'DC distance

|

Differential cross section (basically the probability
of the volume occupied by the dipole, m, through
a certain time, t, to scatter).
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Just like SAXS, we cannot access the amplitudes.

ewe measure the I ntensities.

Compare to SAS

1,-(EE]) 1(5) = {A(s)A(s)")

There is less of an angular dependence in the intensities for visible light
scattering.

Why?
The wavelength!

Light scattering experiments are typically performed at, for example, 589 nm
(the sodium D-line), compared to 0.1 nm for SAXS!
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Particles larger than |

A Several dipoles set up within the

Particl ler th | sample macromolecule.
articies smailer than A I = Size and shape dependent (form

factor P(Q)).

Lines of constructive
amplitude interference
= increase in I

&

Isotropic scattering (low angular
dependence of |.)

>

Lines of
destructive
amplitude
interference =
decrease in I

A If the wavelength is really small, like in SAXS, then multiple diploes that
sample small distances generate a significant angular dependence in I
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Particles are in solution.

Therefore there has to be a difference between the refractive
iIndex of the solvent and the refractive index of the sample
(analogous to contrast in SAS).

Particles are moving in solution

Brownian motion.

Particles may interact with the solvent (or each other)

Therefore interparticle interactions affect the scattering. The
magnitude of the interaction is quantified by the second virial
coefficient (analogous to, but not the same as, S(q) in SAS.)
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The intensity Proportionate to the
\ c / concentration

It kT ——
Essentialyad cont r asThed t er m G
refractive index of the solute must be
different to the solvent (npo)!  ——~—_ e o Taking into account the
‘N, """( ) differential refractive index

\ increment of the

macromolecule, dn/dc (mL/g)

W,
And the /

wavelenqgth

: : _ . . Concentration
For an ideal solution:  Where for an real solution: gepengent

interparticle

“« TOVY T ° . R interactions caused
1—7 - — Q= COo w E by enthalpic
1T W U 1w §) solvent-solute
effects

Reformulating relative to a known standard, e.g., toluene, we express the intensity in terms of
the Rayleigh ratio, R, which in effect is excess scattering intensity (normalised intensity of

scattered light per solid angle per unit of illuminated scattering volume V) . Kt & shert
hand for the O6contrastodé term above, al so t ak
Ke 1 K 1
= € = + 2Azc + ...

R M R M
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but , O f cour se, Il n r e

A There is always some angular dependence on the scattering intensities. The
magnitude of I, at a given angle can be described by the momentum
transfer, Q:

Compare to SAS
Refractive index term

No refractive 1 ndex
drn, sin(g) . 4sin O
) A
Kc 1 Compare to SAS
Such that: = + 2AZC +...
R MP(q) I(q)= N(ApV) P(q)

where P(q) is the form factor

Compare to SAS

That can be additionally expressed as (here R ? is the
mean squared R,): _quz

2
[; % 1+R—3gq2 +24,c+... I(q)=1(0)e
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If the scattering intensities are measured at multiple angles

as a function of concentration?

A Zimm Plot: Kc/R vs (g2 + calibration constant)

Zero angle: Slope proportionate to second virial coefficient.
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From LS Instruments: https://www.lIsinstruments.ch
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Rg? Donot we use SAXS

A Yes!

A Reason = for macromolecules of approximately 50-70 kDa the
MALLS signals are pretty much equivalent/isotropic, i.e., there
Is no angular dependence, so you cannot extrapolate R, from
Zimm.

A 50-100 kDa, you have to be extremely careful in terms of
accurate protein concentration evaluation. For SAXS and
SANS, R, Is independent of concentration.

A The instrument must be exceptionally well-calibrated (detector
responses have to be perfect). Pretty much technically difficult
i l.e., annoying.

A In principle, you might get good results for particles with D,
between | /20 and as you approach | (I is in the order of 600
nm, so for particles with D, > 30 nm).

max
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Example of second virial coefficient.

Protein in buffer with different salts
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All of this boils down to:

|, ~ ¢ (dn/dc)? M

at different angles. It is possible to measure the concentration of the
solute using a refractive index instrument, such that:

Rl ~ ¢c dn/dc

From these values it is possible to obtain the M of a protein in
solution.
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MALLS: Multi-angle laser light scattering

Size exclusion chromatography (SEC)

3-angle MALLS =200 Da1 10 Mda

_ _ _ _ 18-angle MALLS =200 Da1 1 GDa
Asymmetric Flow Field-Flow Fractionation

Differential refractometer
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