
Probing crystals via Scattering (G and P ch.x)

- In order to probe the structure and properties of

crystals, many experiments involve scattering of electrons,
photons, or neutrons

Schematic setup for scattering measurements:
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*Monochromator: selects particles with momentum hE
and energy s

*Detector selects particles w/ hEf, st

*Information is derived from ST=-E, $2 =3-2,
-

Scattering particles. #

*photons: tw=tCK = hCH = legoser
· For hww18-50KeU, I interatomic spacing
· Interaction via electric field, amplitude of scattering
related to 2

*Neutrons. E: Loke-tuit + 1 =tose
· For LrA, Ensomer (similar to KnTt

· Elastic interaction for atoms, amplitude related to

mass

· Can also interact via magnetic interactions



* Electrons : E=h÷e[=%m4, ⇒ 1.=l2j¥¥
• To get 7. ~ #

,
E- 150 eV

• Interact via Coulomb interactions w/ atoms

-

key distinction : Elastic versus inelastic scattering

* Elastic : Conserve energy and momenta in a scattering
event

• Ei = Ef
,

/ = Ñf1

* Inelastic : Energy and momenta lost to excitations

in the crystal leg , , phonons, Magnus , electronic
excitations)

• SE = Ef - Ei and lbÑl=lÑ¥HÉil representative of

excitation



- Elastic scattering of X-rays

* Consider incident radiation beam frequency w
,

propagation vector Ei , polarization Éi , amplitude Eo
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* Electron at F accelerated by field like
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• Electron oscillates in the field
,
radiates electromagnetic

waves at same freq . w

• Long distance R >> E- 2% from radiating center :
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•• Take modulus squared to get intensity of scattered

field :

Is (E) = Iot,)2sin24
-✗ tmz , so not sensitive to nuclei[

intensity of incident field



• Now consider scattering from two electrons
,

one at F- 0
,
other at FEO :
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• we see that kf . Rz =Éf • RT - Éf •
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average• If we take large IRI , IRI , ¥, ≈ Try ≈ tzfdistaua to
detector

- isk.ir
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SE -- Ef -Ei
• Sum of intensity from both :
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• Instead discrete point charges ,
if we had a

continuous charge distribution
,

T-slrill-Iotg.fm?-.)2ffne,(r-Ye-isk%Fdr-s)2sin4
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Fourier transform of electronic density !

* we have seen that scattering probes the Fourier
transform of the electron density . What if net / F)
is periodic as in a crystal ?

• Fourier coefficients FISK) =) ne , LFYÉ"ˢÑˢʳdr→ only

nonzero if STÉ = É where % is a reciprocal
lattice vector

⇒ peaks in ✗- ray scattering give reciprocal
lattice vectors ! !

* Another way to see this : Bragg condition

• Consider scattering off of lattice planes spaced
by d :
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• Extra distance from scattering off of plane 2 is
2dsin0

.

So for constructive interference we need

wavelength of incident light to be

ht= 2d sin 0
,
NEZ



• Now consider sÑ= KI - Ei
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since we are considering elastic scattering ,

vii. 1=11%1 --

4- = 2¥ ⇒ xÑ1=4¥sin0=ᵗ n
• so b. Ñ is perpendicular to lattice planes and
has magnitude 2¥n
⇒ sE=É ! ! !

- Thus by measuring diffraction peaks obtained by
varying ski

,
can map out tin and this Ém

* To map this out we can

• Shine light of various wavelengths ( Laue method)

• shine monochromatic light , but rotate the sample
( Bragg method )

• Use a
"

polycrystalline
"

sample with many crystallites
with different orientations ( powder methods



- So far we have just discussed where the peaks are
,

but information also is in relative intensities of

peaks

* consider me , IF) as made up of spherically symmetric
contributions at each atomic site :
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Works well core electron contribution

,
or crystals

without significant covalent bonding

* Then
,
we have :
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atomic form factors
"

• still have Lane condition for fav to be nonzero only
if DÉ=G

• Once Laue condition is satisfied
, get crystal

"

structure factors " :
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• If all atoms are the same
,
we can factor f out

from the sum :

f- (E) = Nfa (E) { e-
iÉÑ ' geometrical structure factor

Ed
* Take as an example diamond structure

• Fcc with basis d) =0
,
d→z= 9411.1.11

• % _- 2%1-1,1 , ,) 9? = 11 , -1,1) 53--2'T
a- 11,1 , - 1)

• general Gm -- Mi5
,
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• even hi
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" forbidden
,
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,
will be very weak in diffraction experiments

* In reality , densities associated with atoms are not

spherically symmetric ,
so these rules are approximate.


