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What Is a crystal?

-« A Atoms (molecules) pack
together in a regular pattern to
form a crystal.

j\,ﬁ@ A Periodicity: we superimpose

(mentally) on the crystal
structure a repeating lattice or

/ unit cell.

!j\a% A Alattice is a regular array of
geometrical points each of
which has the same
environment.

Quartz crystals
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X-ray precession photograph
(Georgia Tech, 1978).

A X-rays and neutrons have
wave properties.

A A crystal acts as a
diffraction grating producing
constructive and destructive
interference.




Reflection from a series of equally spaced planes:

The Bragg Equation
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wave length
vertical distance
horizontal position
theta

Phase difference
Amplitude

1.500 A

2.000 A

0.000 A

34.000 degrees
1.491 * wavelength
3.1 11




Laue Equations

Scattering from points

S aA -Sj

aAS +aA-Sf=aASi(S) =ha
aA Si(S) =he
b A Si(S) =ke-
cASi(S) =l

In three dimensions Y



Real and Reciprocal Space
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a*Aa=b* Ab=c* cA1
a bA é = 0
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Laue equations:
aAS,{S)=hs;oralAs=h
bAS,{S)=ke orbAs=k
cAS,{S)=Ils orcAs=I

where
s= (S, T §)/e-=ha* + kb* + Ic*



The Ewald Sphere




Bragg Peak Intensity

¥
Relative phase shifts |:hkl - a bl eXP (2p|sﬂri)
related to molecular !

structure. F . =a b exp[2d (hx+ky+1z)]
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d-2d Step Scan (1)
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d-2d Step Scan (2)
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d-2d Step Scan (3)
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Omega Step Scan

Mosaic
Spread

Omega

. Detector stationary at
2d angle.

. Crystal is rotated
about d by +/- ¥.

o o o 3. FWHM is the mosaic
spread.
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The Orientation Matrix

Acta Cryst. (1967). 22, 457
Angle Calculations for 3- and 4- Circle X-ray and Neutron Diffractometers®

By WiLLiaAM R. BusiNG AND HENRI A. LEVY
Chemistry Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830, U.S.A.

(Received 13 June 1966)

Methods are derived for calculations useful in the operation of 3- and 4-circle X-ray or neutron single-
crystal diffractometers. These include: (1) establishing the sample orientation from the cell parameters
and the observed angles for two reflections, or from the observed angles for three reflections only, (2)
calculating the angles for observing a given reflection either in a special setting or at a specified azimuthal
angle, (3) obtaining the vectors needed for calculating absorption corrections, and (4) using observa-
tions of several reflections to refine cell and orientation parameters by the method of le ast squares.

0 bysinfly; —bysinff; cosoy

by bycosfs b; cos f3;
B =
(0 0 1/ay )

U is a rotation matrix relating the unit cell to the
instrument coordinate system.

The matrix product UB is called the orientation
matrix.
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