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The Solid State

Wide Angle Scattering (WAXS) (Powder Diitraction)

Data Collection

How do we do

X-rays diverge from the source (A) strike the specimen (B) and

q ﬂ Debye's Equation [i¢s) = 5, 5, £i©)f @) Sl;;f:j ]describes the converge back to the detector (C) .
' Amorphous WAXS in general terms. A Detector (C)
For a VERY simple system (all orientations are present) where ‘ arf;o% '
the average contact distances are near 1.5, 2.5 and 5 A we can
predict the scattered pattern given below. (A=1.54A). Intensity X
decreases (exponentially) as 26 Increases
VU
v 120)~[f(s)]*~ [ae_sz + C]Z 20 = 2sin"1(sA/2) . i :
: . . Transmission with Area detection.
Crystalline  Semi crystalline Amorphous 1(26) 5 A The area (2D) detector is positioned
Long range order short range order only behind the sample. X-rays travel;

“For most crystallographers 1t Is long-range order that sets
crystals apart from (glasses and amorphous solids. But
condensed-matter physicists have recognized that there Is a
structural continuum between Iideal crystals and amorphous
solids.” . Gautam Desiraju : Nature 2013

Interaction of X-ray radiation with solids

e Collision of the X-ray photon with a charged particle causes
the component of the particle to oscillate with the same

frequency.
 The oscillating particle returns to the resting state by
emitting a photon that travels outward.

The Math
Debye’s Equation describes the interaction of

radiation between two identical “atoms” 1 and |
separated by the distance r;

SIN 2WSTj

* I(s) = Xic1 =1 fi(8)f(s)

Znsri]-

» Where s =2sinf8/Aand f(s)=), ae Ps* + ¢

a, b, c are the Cromer—Mann coefficients for a given element

For a diatomic molecule of the same element the
maxima for Debye’s equation will be ~ r;;s,,, = 1.23

KA =2r,,sin8,, K=1.23

givens = 2sinf /A then: / \ h=2 k=1 =2
h=1,k=1,I=0
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BRAGG BRENTANO :The detector Is
positioned at 20 angle to collect the
data. The number of X-rays counted
by the detector Is proportional to the

through the sample and are collected at
the detector

20 Intensity (1) of the scattered X-ray Fiber Diffraction
For a linear ordered system where the same element
(atom) Is spaced at equal distance(s) of a N>2 times Applications
then ; . N
| 2 Crystalline w
I(s) = [fezmsr + fezms(r+a) + meZnis(r+Na)]2X [Sln NZnas] - Il
N2mas .
" sin N2mas]? sin N2mas]? L
given: [ N;V,fas ] ~ ;2 [ sinAZTas ] then e E R - A‘J\l* |
. 2 | b AW A
I(s)~F? [sm N Znas] —Ne2 N3 ~ Polyifiorphs
S)~ : s ' '
sin 27as g semicrystalline
N=4  ==N=6 3°°°° Zinc Glutamate I . L
As N increases the peak sharpens e e = 52;33‘99?5%322’%) "'A
until N>1000 atoms at which time o : 5@3(0) gozggggg))) :;'51

you reach the line width of the

Instrument.

For a 3D ordered system (Crystalline) Data and Rietveld Refinement

F(S) — 211\/ fn (S)QZHLST r = xa _I_ yb _I_ 7C (unit Ce“ aS Vectors) _________ _________ TGA of Ni(BME-DACH)xSO, — |

F(S) — Ilvfn(s)ezms(xa+yb+zc) Givensra=hs-b=k,s-c=1

F(s) = XY fu(s)e?™ ) and  I(s) ~ |F(s)|? e DN e ol e

. . . . s )R S A P £ S . ) IR S ase Analysis

For the 3D ordered systems I(s) will have maxima at discrete positions Tl T e y

hx + ky + lZ — 2 ehk| 20pa = 2 % sin"Y((a*2h? + b*2k? + ¢*212 + 2b*c*kl cos a* +2a*c*hlcos f* + 2a*b*hk cosy*)/?/2) k ” o | | H _ -
(B

| 1212)~ F(2.1,2)? [atoms () in 21,2 plane] ﬂ ~7 .
20 Qualitative Analysis ENCnonne
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