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Transmitted and forward scattered beam
>

Primary beam

scattered beam

Absolute homogeneous system: particle is not distinguishable from matrix — no scattering

Prerequite for scattering: contrast

Different mechanisms, depending on the probe (photons, X-ray photons, neutrons, electrons,... )
and depending on interactions (i.e. elastic (Rayleigh scattering), inelastic (i.e. Raman scattering)...)

Here we consider only elastic scattering

Relevant physical properties for different scattering techniques:

« Light scattering: polarizability (which relates to refractive index)

« X-ray scattering: electron density

- Neutron scattering: scattering length SfPR{IgEY 2017 by Volker Abetz 3
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Rayleigh Ratio of one particle

i, A’ a’
R, = | -1 —— oC —
o 1l+cos" 0 A,

Rayleigh Ratio of many particles

R, oc'ONA o
M A
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Free energy/enthalpy is...
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...no function of space ...a function of space as the composition is
a function of space!

¢, t0P
————
ﬁbn_a'?f’
¢o: average volume fraction j SpdV =0

%4
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incident beam, k;:
waves are in phase

Polymer in dilute solution

Scattering angle: 2@

4
scattered beam, k;: Scattering vector:  q:= ks — k;
phase relation (interference) of the waves
depends on distance of scatterers and Elasti ng:  |ke| ~ kil = 2n
angle of observation astic scattering: =1
4
q=Ilq|l= Tsine
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1do  11(q)A?
vaa vV oI,
X(q) = Ry ,Rayleigh Ratio“

Differential scattering cross-section per unit volume of the sample: X(q):=

V: Volume
lo: Intensity of incident beam
A: distance between scatterer and detetctor

I Ny
—I(q): scattering intensity at q

|: scattering intensity of one particle or monomer
N total umber of particles or monomers in sample

—

//,/
\\\\

Scattering function, scattering law: S(q): =

N

do e dd Differential scatterin on
_ do f' doy . g cross section \
2(q) = {cm) <dﬂ>m S(@) N \_(dﬂ)m per particle/monomer e

() N,
Cm! = 75— : :
m |74 <c.,>: mean number density of particles / monomers

Copyright © 2017 by Volker Abetz 8
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Nm
C(q) = z exp(iqr;) Scattering amplitude @; = qr; Phase of the scattered wave by patrticle i
i=1
I1(q) «(|C(q)]*)
S(g) = —(IC(@)I2)
q) = N, q
Nm
1 " f d- [
S(q) = ]\Tm z (exp(lq(ri — r]-))) rom discrete positions
ij=1
to

: Continuum by introduction of particle number

_ ) _ 3
C(q) = j exp(iqr) - (e (1) — () d°7 density distribution function c(r)
14

1
5@ =3 | a0 =1 - en) = ) - (en(") — (emD ' dr"”
VvV
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(cm(T)em () = (e (' — 1)y (0))

r=r—r"

1 Structure function is the FT of space
5(q) = (C—>j exp(iqr) - ({¢p (1) (0)) — {cin)?) d*r  dependent correlation function of particle
Y number density

Pair correlation function g(r)
g(r)d3r

Probability, starting from a particle to find itself or another particle in a distance r in the volume element d3r

gir)y=6(r)+g'(r) &r): Self-contribution
g'(r): contributions of other particles or monomers

g(r| = o) - (c;,) (Cm(T)Cm(O)) = () - g(1)

S(q) = f exp(iqr) - (g(r) — (c,,)) d3r Structure function is the FT of pair correlation function

%4

S(q > o) -1 (only self-contribution contributes)
Copyright © 2017 by Volker Abetz 10
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Pair correlation function and scattering function for isotropic systems

g) =g(r]) = g()
5(q) = S(ql) = S(q)

sinqr
T

S@@) = j L. (9(r) — (en)) dr
r=0

Copyright © 2017 by Volker Abetz 11
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System contains A, monomers distributed on %, particles/polymers with N monomers (degree of polymerization):

Ny = N - IV,

S(q)—N z (exp(iq(r; —1))))

i,j=1
N
1

N NN z exp(lq(‘r, ]))) in dilute solution interference between particles negligible

i,j=1

Series expansion for low g omitting higher than quadratic terms leads to:

N
SOREDY
VN £
i,j=1

1
1—-iq(r;—r;) + > la(r; — Tj)]z >

For isotropic systems: linear terms vanishes:

2 Y PR z P
<[q(ri ])] > 3q <| T Copirl|gr>t©2017 byvasl‘lge?%betzlv N |rl T| 12
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N N N
2 1 2 _1 2 1 :
R; = oNZ 2 |ri — r]-| = NZIr,- o Tr.= Nz T; r.. space vector of center of gravity
I,j=1 i=1 i=1
q?R2
S(q) =N <1 —3 J 4 ) = NP(q) P(q): Form factor, describes intraparticular interferences

low g region, or more precisely gR, << 1, gives information about molecular weight (oc N) and size (radius of gyration)

of the diluted colloids/polymers

Copyright © 2017 by Volker Abetz 13
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P(06) for random coils in THF and A, = 680 nm

incident light:
waves are in phase

150

180 1

scattered light:

phase relation (interference) of the waves
depends on distance of scatterers and
angle of observation R=1nm

Copyright © 2017 by Volker Abetz
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Form Factor of Different Objects

Intraparticular Interference: Form factor P(6) or P(qQ)

s,Rayleigh

P(q)

Sphere

1/P, #

Copyright © 2017 by Volker Abetz
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9

. 2
SIn U—ucosu
ud

P(q):u%(e : +u—1)
%U’-sir)\(xd _1—(;0qu
NI *
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) i s@)|
5@ -0 =5 || [ ewian - o)~ @i dr
(Nn) _
, , , S(o)-]_ ...... —
(@ = D) _ () = ()

v

(Nn) (N 0

<N1r21> _ (Nm>2

Fluctuation theory relates particle fluctuations to isothermal compressibility - N
m

= kTKT

_ (9{em)
KT_( dp )T

S(q = 0) = kTky Gener_al \(alid fqr single component systems, independent of the state of order
(gas, liquid, solid (amorphous, crystalline)

Analogous for (polymer) solutions: forward scattering is related to the osmotic compressibility «,

sm-

d{c,,,)
S(q—=0) =kTkygm Kosm = ( ali[n )
T

<C.,>: mean monomer number density in solution
Copyright © 2017 by Voldér@sBaotic pressure
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. . . . . l1do 11(q)A*
Differential scattering cross-section per unit volume of the sample: X(q) = TA0=V ]
0

In light scattering: ,Rayleigh Ratio”

I(q)

Scattering function, scattering law: 5(q) = ——
ImNm

d
2(@) = (cm) (d—g) S(@)

d (11
(—J) - ? _contrast
aa/

Copyright © 2017 by Volker Abetz 17
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do n?(6a)? oc. difference between polarizabilities of monomer/particle and matrix
a0l T e &: dielectric permitivity in vacuum
m €0%0 Ao: wavelength of light in vacuum

n: referactive index of particle or monomer

— 2 .2
cmba = gy(n* —ng) ng: refractive index of matrix (solvent)

do\  m* (n*—ng)?
o) A4 2
m

Cm

, dn? , dn
—Ni = —¢C, = 2Ng——Cpy,
dcy, dcy,

(da) _ Am®ng ( dn )2
Q) ;. \dcp

4m?n? dn \°
2(q) = Cm (—) 5(q)

YK dc,,

n2

Copyright © 2017 by Volker Abetz 18
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Ny c: concentration by weight (mass)
Cm M,, M.,: mass of particle or monomer

2(q) = KMy cS(q)

41n? (dn

2
K, = - Contrast factor for light scatterin
L= AN, dc) f forlig g

Copyright © 2017 by Volker Abetz 19
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do
<E> =1 (AZ)2 AZ: difference between number of electrons in particle or monomer
and displaced matrix

r, =2.81- 10~ 15m Electron radius

P m- €lectron density of particle or monomer
2 — : . :
(AZ)* = (Pe m pe,s) Um Pes. €lectron density of matrix or solvent
v,- volume of monomer or particle

Z(Q) = KxM,cS(q)

2 . N
=15 (pem pe,s) U,%M—g: Contrast factor for X — ray scattering
m

Copyright © 2017 by Volker Abetz 20
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do -
For single component system — =ZmTs
d(}
m
ZmCm (1) = pe(T)

2(q) = 12 f exp(iqr) - (9o (M)pe(0)) — (po))d3T
vV

This is analogous to

S(q) = — [ exptian) - Gemmen() - s
<Cm>V m m m

Copyright © 2017 by Volker Abetz 21
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2
do
<@> = (Z bl-) b;: scattering length of atom i in the monomer
m

i

Z(CI) = KnMp,cS(q)

2
N
K, = (Z b; — Z bj> M—g: Contrast factor of neutron scattering

£(q) = j exp(iqr) - ({pn()pn(0)) — (p))d3r
vV

o(r) : ,scattering length density” (for coherent part of neutron scattering)

Copyright © 2017 by Volker Abetz 22
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Kuhn's ,square root law" for a ,random walk® polymer ,Flory Radius”
RZ _lNlZ R _N3/5(V b2)]/5_N3/5
97 ¢ F= e = Ap
R, x N'/3 R, x N = N1/? R, o N3/5

deswell in swell in
poor solvent good solvent
—— —
,poor solvent condition” , I heta condition” ,good solvent condition®
O0—condition: chain shows unperturbed dimensions, chain segments ,feel” excluded
excluded volume interactions are screened volume interactions

Copyright © 2017 by Volker Abetz 23
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103

Polystyrene in different solvents
=
-
~~
\u
c

>0.5 (good solvent .

8 102 (g ) \
© -~
> o7
O e
— 7 ”
(@) ’,¢ ”’f
g z”’ ¢”’
S L7 el 0.5 (Theta-Solvent (©-Solvent))
CU -
e

10° 106 107 108

Molecular weight (g/mol)
Copyright © 2017 by Volker Abetz 24
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segment density [a.u.]

Excluded volume v,.: volume, into which no other segment can penetrate

: : . e
Excluded volume can be associated with a potential: ¥/, = kTVeCm

s Helmholtz-Zentrum
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e
1.0 melt de =0= dLPm =0
d|x d|x
0.5
0.0- solution de 0— d‘Prf]
d‘X‘ =0 d‘x‘x;to

T T T T T T T T T T
-100 -50 0] 50 100 150

space coordinate [a.u.]

—
-150

Copyright © 2017 by Volker Abetz

® - condition
>0 : chain contraction
/ (bad solvent)
» =0 : O - condition
\ <0 : chain expansion

(good solvent)
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Excluded volume interactions lead to chain expansion:

e N N 2
E=NY_ =NkTvc, =NkTy, — =kTv, —
R R

Chain expansion leads to reduction of conformational entropy (cf. Entropy elasticity)

S=kin p(R)
3 3R

Gaul3: P(R) = 3 e 2<Rg> Reference state: ideal chain
27z< R02>
2 2
— S=—§k R +const:—§k R2+const
2" (R]) 2 Nb

Copyright © 2017 by Volker Abetz
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_i_ti_ N N
Lol Universitit Hamburg Chain in Good Solvent

Chain adopts an end-to-end distance where the Free Energy F is minimal:

F=E-TS

2
F oy, N T R
OR R Nb

R® = RS = N°v_b?

5
Flory-radius: RF — N 3/5 (Vebz)l/ = N B/Sa.F

s 505 Helmholtz-Zentrum
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ar: effective segment length

Copyright © 2017 by Volker Abetz
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Effect of excluded volume and repulsive forces very large

but: independent of chain extension

(average monomer density homogeneous)
1 1
— Random—coil model with <R§I>A N2 well obeyed.

(Confirmed by neutron scattering with deuterated chains)

Copyright © 2017 by Volker Abetz 28
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1 14
0.1 0.1
I(a.u.) I(a.u.)
0.01 0.01
0 1 2 q(l/nm) 0 1 2 q(1/nm)
Copyright © 2017 by Volker Abetz 29
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1do 11(q)A?

2=y~ v,

Z(CI) — Kl,x,anCS(q)
K, xn always contains a difference (fluctuation) between the corresponding
scattering properties of the particle and the matrix
The fluctuation of polarisability oa, or refeactive index on, electron density 4Z, scattering length 42b,...
can be related to the fluctuation of density dp or concentration Jc.

Density and concentration fluctuations are somehow related to fluctuations of
the free energy oF and free enthalpy JG.

As an example, we choose static light scattering....

Copyright © 2017 by Volker Abetz 30
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Clausius-Mosotti-Equation and Lorenz-Lorentz-Equation relate microscopic property (polarisability o) with
macroscopic properties (relative dielectric constant ¢, refractive index n):

N
8—1= n2 —1= 472"0 L (04 for glu: n2 ~ & Maxwell

p. density

M: molecular weight

a. polarisability

. magnetic permeability number (=1 for organics)
& relative dielectric constant

n: refractive index

2

Saoc Sgoc M° =2nd > (505)2 oC ZHQ (5,0)2

dp/

Average of squared density fluctuations
31
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2
o oc g oc AN = 2NN " (Sa) oc| 2n an (50
S dp

2 2
G:GO+§§p+Ea(§(5p)2+... = &3=G—ng£6(§(5p)2

op 2 Op 2 Op

> 1 0°G 2
[(60F o0 - 1 7 (60F oo

ex o
sp) = = KT Bolt
( /0) ol 1 %G (5 )2 ; /32(3 oltzmann
Jexp —57 op? P op°

p,T: constant

32
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Fluctuation theory for solutions

Replacement of density p by concentration c

Ar°
R, = 7
0

2

dn

s sss Helmholtz-Zentrum

+ Geesthacht
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M

dp

|

PN, 82/
op°

R9_47z (

M

dnj
" dc

cN, azcy

only concentration fluctuations are relevant to the scattering of interest:

| excess | solution | solvent

-

(50! olution 50( olvent)2>

pyright © 2017 by Volker Abetz

N (5_0!
OoC

p,T: constant

33
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(cf = KT () = - kTg\g dVvV =nV, +nV,
dv -2

6C2 C n;, V;: mole number, volume of solvent
n,, V,: mole number, volume of solute
dV: incremental volume of the fluctuation
. chemical potential

dilute solution

(virial expansion of c): U = lulo _ RTVl(ﬁC n AZCZ n A303 1 j

Oty 1 2
= =_—RTV,| —+2Ac+3A,C" +...
L {M Ac+3A j

p,T: constant

Copyright © 2017 by Volker Abetz 34
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|5 Ax? (n dn)zv(1+ cos? ) C
- 4| s 2 )
. NiAp - de A 1+2A2(:+...
M
| excess AZ
Rayleigh Ratio Re = AR@ — _S

l, .V(1+ cos? )

2 2 2 9 2
Contrast factor KI — 4r y (ns @j — 4r n4$ (dnj
N, 4, dc N, 4, \Ldc
K C 1 KlC
> =~ +2AC+... — (-0
SRV R (€20

Copyright © 2017 by Volker Abetz
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2(q) = Ry = KiM,cS(q) = K;M,,cNP(q) = K;McP(q)

Ke_ 1 1
R, M P(q)
R2 2
for x << 1. 1/(1-x) = 1+x: i:1+< g>q — E(q - 0)=—
2
Kc 1 . .
— —=| —+2AC 1+q—<Rgz> Zimm-Equation
R, (M, 3
2 1
2 %5 )%
Zimm-Equation can be used in principle for different scattering techniques FHS parameter

Most often used in light scattering

Copyright © 2017 by Volker Abetz 36
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108 Kc/R(Qq)

1/M

Zentrum fiir Material- und Kiistenforschung

6= 180°

12 0=90° ¢ = 0.0075

” .

=0.0015

1010 g?%/3 + 500 c/(gcm?)

Polystyrene, M,, = 3 -10° g/mol in toluene at 25 °C and A, = 632 nm.
A, = 3.8-10 cm®mol/g; <R,*>, = 50 nm;
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2(q) = KKM,,,cS(q)

(0 )_47:( dnj M v _MKT

dc) cN, @ (7 "o (7
- 0%G
g 9c2 = f(c,q,...) andalso cis dependenton r (and therefore q),

The free enthalpy of a mixture is considered for subvolumes v, of the total volume in such a way that these
subvolumes are still large enough for statistical thermodynamic considerations, but their composition may
deviate from the average. In this way, the total free enthalpy of a mixture with local compositional fluctuations
can be described.

Note, it is these fluctuations which can be observed by scattering! They are related with local deviations of the
Free enthalpy from the mean free enthalpy of a nonfluctuating system.

So next we look at an expression for the free enthalpy of a mixture. We use a lattice theory and replace
concentration by volume fraction:

naVy nAVA nAMA _fa_°C_ & Ca: concentration in the mixture, blend
i i Vv, VvV pdV  pa P pa: bulk density of the pure component

Volume fraction: ¢4 =
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per lattice site:

Mixture of low molecular liquids (N,=Ng=1): Q00N
o o0 000 00
AG oeoo0ojeoe o _
T =X, InX, + X5 IN X5 + X, Xz 7 0eceecocee X: molar fraction
LB 2K 20 K BE BK DN
=gInP, +dg ING; + P Pp v ::::::::
(2 AN K AN K N N
Polymer solution: eleolee
AG ¢ I o:o ° qII
NS °
=g, Ing, + e |n¢B+¢A¢BZ I.'...n.
o ® o0 0O
ceveeyes
rt_b 00 I
® 000 O
Polymer blend: o o ele tft:
o9 000
AG )
= s |n¢A+¢—BIn¢B+¢A¢BZ n¥rt+zt
kKT N , Ng oe/0 o
T eeis oloie
¢ o000 000
Flory-Huggins-Staverman segmental interaction parameter ¢je-0.0/0 000

Copyright © 2017 by Volker Abetz




Free Enthalpy for a System with 1122 Helmholtz-Zentrum
st Harbarg Fluctuations A

Zentrum fiir Material- und Kiistenforschung

G($D = ) veurg (P

l

kT | ¢ 1—-¢
9(@) =g(P) = pga+ (1 —P)gp +— |5 g + In(1—-¢) +x¢(1—¢)
\ Ve NA NB
Free enthalpy density / \ Volume of lattice site
Free enthalpy density Free enthalpy density
of pure component A of pure component B

Also the ,interface” between the different subvolumes contributes to the free enthalpy by an interfacial
energy contribution. As the mixture is weakly fluctuating, this contribution resulting from a concentration

gradient can be expressed by a quadratic term (it cannot be linear, as the sign of the gradient has no
influence on the free enthalpy.

l

G = ) vang (@ + ) B(di —9)’
Lj
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6D = ) vaung (@) + ) (i — ;)]
LJj

i

Replacing the sum by integral leads to:

G(p(r)) = f(g(dJ(r)) +B' (V) d°r with B’ = B,

for ¢(r) =const:=¢ the free enthalpy is minimal, G,

s 505 Helmholtz-Zentrum
s+ s Geesthacht
Zentrum fiir Material- und Kiistenforschung

Fluctuations 6¢(r):= ¢(r) — ¢ lead to deviation of the free enthalpy from the minimum §G := G — Gy,

Expansion of the free enthalpy density up to second order (we consider only small fluctuations!)

56 = [@awsn + B @swr =22 [ spratr + 358 [(s6w) ar + ' [wspacr

Copyright © 2017 by Volker Abetz
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j Sp(r)d3r=0 (because of conservation of mass)

— 046G

_RT( 11
20 \Nyp  Np(1—¢)

— 2)(> f(&b(r))zdgr +p f(\75¢)2d3r

Spinodal: ( 1 !

+ — 2)(> = (0 (second derivative of the free enthalpy is O at spinodal)
Na¢p  Np(1—¢)

T

Interaction parameter is T-dependent
For mixtures with upper miscibility gap, often y < 1/,

Copyright © 2017 by Volker Abetz 42




UH
m
La Universitat Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

s 205 Helmholtz-Zentrum
s s Geesthacht
Zentrum fiir Material- und Kiistenforschung

Phase Diagram of a Symmetric Blend

Temperature T

Nucleation & Growth

Single phase region

Decomposition

| (Te, Xc)
binodal . .
" N metastable region
¥ 4 A Y
¥ hY
“
e N7
! h Y
\
[ \
! )
/! unstable region
i 1
! 1
'\ / l
I
| spinodal \ Spinodal
|

Phase separated region

Composition x 1
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time time ¢-’"
Bo M" J L

,down hill“ diffusion

—— ———

space coordinate

N

&'

,2up hill* diffusion

R

space coordinate

¢, ¢“. volume fractions of cogoéiy%gﬂ% B)@?@%li@r gt%gilibrium

Nucleation and growth
(in metastable region)

Spinodal decomposition
(in unstable region)
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380 - o
Degree of polymerisation

Binodal
360

Spinodal
340 |

320

§ | |
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5G RT< - + ! 2 )’]‘(‘54)( ))2d3 +ﬁ’j(|75¢)2d3 o
= — 2y r r ro.
2v, \N Ng(1 —
c \Na9 B( ¢) .. “’,’

1
Sp(r) = \/—72 expikr - ¢y,
k

Fourier description of fluctuation at r by a sum of fluctuation functions with wave vector k and
amplitude ¢, in a finite volume V, for the wave functions apply periodic boundary conditions.

2 3. * gk _ 2
f(&/)(r)) a Zd)kd)_k ) Z(pk T e T z< L 20 + ﬁ”k2> o
T L\Nag Nz(-) ¢
[woprarr = wgign =Y ko g
K k B = RCT
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Fourier amplitudes ¢, of fluctuation mode k contribute independently to §G

Mean squred amplitude in thermal equilibrium

5G(¢k) _
[ piexp — S 1 1 !
2 — _ _ //kz
e = Mggk) o (NAqb TN-gy AT )
1 1

Finite concentration fluctuations only for —2x+pB"k*>0

Nad  Np(l—)

1 1
Se(@) = —(IC(DI*) = —(Pk=q) N, : number of lattice sites (each with volume v,)
Ne Ve

1 1 -1
S.(q) = ( + —2x+p"q 2)

Nagp ~ Ng (103p§/53ht © 2017 by Volker Abetz a7
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1 1 1

= = + —2v + B"qg2
S@ - S@ Nap Npa—gy AT
What is g"'?
0 1 1 LB 5
: ~ 2\ 2
=0 S TN P 1 :1+<Rg>q
1 1 P(a) 3
(1-¢)—0: ~ +B"q°
) " S(q) Ng(1-—9) q Inverse form factor (Debye) of a random coil at low g,
1 1 (1 \ (R;A)q2>
S(@)  Npo 3 — g = (R7.4) (Ro5)

T 3N, 3Np(1— §)

1 1 <1 . (Ré,B)qz)

S(@) ~ Nz(1—¢)
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1 1 1 1 R: R?
11, (il
S(q) Sc(q) Ngop Np(1-¢) 3Na¢p  3Np(1-—¢)

Generalization to all g, form factors rather than only radii of gyration are incorporated:

1 1 1
S@ PNy (RAqD) | (L= $INgSp(Repq®)

2x

Sp: Debye form factor

,clean“ derivation possible by using tChe ,Random Phase Alggtgoxiamtion“ (De Gennes)
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'\
S(a)*
Temperature | y-parameter
'''''' 4
““““““ S(0)1
>
0 q2 e 1/ T spinodal
®
Q«
S I
>
0 Ut

spinodal for N, =Ng , D fgé 019@\]\/olkerAbetz 50
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5¢A(r) = ¢A(r) — f Concentration Fluctuation

Pair Correlation

Structure Factor in

SW="ew, fy—2,N]  u=a(R:

Fu, f)=">oY)

{SD(f,u)SD(l— f,u)—%[SD(l,u)—SD(f,u)—SD(l— f,u)]z}

21
SD (f,u)= — [e U1+ fu] Debye Form Factor of a Gaussian Chain
u

Copyright © 2017 by Volker Abgtz) ainjer Macromolecules 1980, 13, 1602
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100 4
xN
—5
80 — 8
o 10 \
o 60- 10.49 S(y) =
€ @ ="F @, )-2,N]
)  40- N=100
f=0.5
20
- /\
0 10
qZRQZ
Maximum at u*=q°R; =3.873 yN=10.495 : 1/S(q")=0

L. Leibler, Macromolecules 1980, 13, 1602 Copyright é@iﬂ%{ﬂk%@&f?r symmetric diblock copolymer (¢ = 0.5)
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A
S(g)*
@ 1/ Tspinodal
@
Q
o !
>
0 /T

spinodal point for symmetric diblock copolymer (¢ = 0.5) » N=10.495: 1/S(q")=0
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Forward scattering:
« One component system: Isothermal compressibility, &
« Dilute polymer solution: Molecular weight (weight average), M
* Polymer Blend: Osmotic compressibility, ..., z-parameter,
Temperature dependent measurements enable extrapolation of spinodal temperature

Scattering peak (maximum):

» Block copolymer: temperature dependent measurements of Sq‘*1 enable extrapolation of
spinodal temperature, Tg,ioqa;

« Periodic length via Bragg'slaw (several peaks can allow determination of crystal structure)

g-dependence of scattering:
« Shape of scattering particles, polymers, form factor, P(q)
* Radius of gyration (z-average), R,

c-dependence of scattering:
« Second virial coefficient, A,, y-parameter
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