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(Porod (1951))
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= total scattering over the whole of
reciprocal space

Q =1,(0)=<p?)V  (see derivation in Roe, 1.5)



Pair distribution fcn

Single atomic species (Roe, Sect. 4.1)

Short range order
Atom environments vary - can only get an avg picture
Define PDF g(r) to describe structure

Can get PDF from scattering data
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Pair distribution fcn

Single atomic species (Roe, Sect. 4.1)

Short range order
Atom environments vary - can only get an avg picture

Define PDF g(r) to describe structure
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# of atoms, on avg, in dr = n, (r) dr, and
g(r) = n, (r)/ {n)

where (n) = avg # density of atoms



Pair distribution fcn

Single atomic species (Roe, Sect. 4.1)

Short range order
g(r) = radial distribution fcn

when material is amorphous (isotropic)

L 1 |

0 5 10 15
r(A)

Pair distribution function of liquid argon at 84 K



Pair distribution fcn

Single atomic species
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Pair distribution fcn

Single atomic species

N N
@ =1 4@ 1 # = (b Zexplia ) ) (bZexp(ig 1))

N
=Nb?+b°2 2 exp(-iger ;) Ly = 1= I
= Nb2 + N b2 J; n, (r) exp(-igsr,) dr
“No2+NB2 S [n, @) - (n]exp-ig ) dr + Nb2 S (nyexp(-ig 5,) dr

=NbBZ +Nb2<{(n) f [g(r) - 1 Jexp(-iq r,) dr+ N b2 <{n) é(q)



Pair distribution fcn

Single atomic species

i@ =la@l?- (b éexp(ig ) ) (i bz;;xp(-lg 7))
“NB2+ B3 exp-iary)  Le=rn,
—NbB2 +N b2 J; n, (r) exp(-igsr) dr
=NbZ+NDb? f [nz (r) - (n) Jexp(-ig ) dr + N b2 f (n)exp(-ig ®&) dr

=NbBZ +Nb2<{(n) f [q(r) - 1 Jexp(-igr) dr + N b2 (n) 8(q)

unobservable - ignore

Define interference fcn =i(q) = (I(q) - N b2)/ N b?



Pair distribution fcn

Single atomic species

=NbZ + N b?<{n) j\; [g(r) - 7]exp(—iqr) dr + N b2 <{n) é(q)
unobservable - ignore
Define interference fcn = i(q) = (I(q) - N b%)/ N b?

Then
i@ = J,, [9(r) - 1 Jexp(-iar) o

And get g(r) - T from inverse Fourier transform of i(q)

[g(r) - 1] = 1/n) f J(q) exp(igr) dq



Pair distribution fcn

Simple polymer (Cs & Hs)

Need gCC( r)! gHH(r)! & gCH(r)

9cu(r) = ngy(r) 7/<ny)

(n,) = avg # density of H atoms



Pair distribution fcn

Simple polymer (Cs & Hs)

Need gCC( r)! gHH(r)! & gCH(r)

9cu(r) = ngy(r) 7/<ny)

(n,) = avg # density of H atoms

9eu(r) = guc(r)



Pair distribution fcn

Simple polymer

(@) = EN, b2 + EN, b, Zb, ,/; n,s (r) exp(-igr) dr

m different types of atoms (for C & H, m=2)
a, B (=1....m) denote atom types
N, = # of aatoms



Pair distribution fcn

Simple polymer

(@) = EN, b2 + EN, b, Zb, ,/; n,s (r) exp(-igr) dr

m different types of atoms (for C & H, m=2)
a, B (=1....m) denote atom types
N, = # of aatoms
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Pair distribution fcn

Simple polymer

I(q) =O{\:l772xa bz+N (n)aZ:'%;)l(a Xz b, by fv[gaﬁ(r) -1] exp(-igr) ar

m different types of atoms (for C & H, m=2)
a, B (=1....m) denote atom types
N, = # of aatoms

N,=Nx_, <(n)=(n)x,; x=%# fraction of o atoms

Then
i) = (ny J, [9r) - 1 Jexp(-iar) r

And get g(r) - 7 from inverse Fourier transform of i(q)

[g(r) - 1] = 1/(n) f i(q) exp(iqgr) dq



Pair distribution fcn

Simple polymer

I(q) =O{\=172'xa bZz+N (n)g%;)ga Xz b, by fv[gaﬁ(r) -1] exp(-igr) dr

i@ = J, [o(c) - 1 Jexp(iar) dr

—xbo/ZfYa o
then:

f g(r) exp(-igr) dr = Z'Z' W, Wy f L 9up (r) exp(-igr) dr

a==



Pair distribution fcn

Simple polymer

I(q) = O{\Z 12 X, b2+N (n)ZZ'7 %;)ga Xz b, by f v[ 9.5(r) -1] exp(-igr) dr

i@ = J, [o(c) - 1 Jexp(iar) dr

—xbo/ZfYa o
then:

f g(r) exp(-igr) dr = Z'Z' w, Wy f Iap (r) exp(-iqr) dr

a=1B=

Can get g(r), but not separate g, Need additional data sets.



