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8. Experimental X-ray Diffraction Procedures

8.1 Diffraction Experiments using Films
8.1.1 Laue camera
8.1.2 Rotating crystal camera
8.1.3 Weissenberg camera
8.1.4 Precession (Buerger) camera
8.2 X-ray Diffractometers
8.2.1 Diffractometer with 2-circle goniometer
8.2.2 Diffractometer with 4-circle goniometer
8.3 The Integrated X-ray Intensity of a Diffraction Peak
8.3.1 Diffraction from small crystal
8.3.2 Diffraction from mosaic crystal
8.3.4 Lorentz factor
8.3.5 Temperature effect

Home work

X-ray & AT Laboratory, GIFT, POSTECH




8. Experimental X-ray Diffraction Procedures

x-ray: e’ F(k):WJ+ f(r)e™"dr
% lL ;-r detector
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(i) X-ray sources
- vacuum sealed tube (chapter 2)
- synchrotron radiation (chapter 2)
- X-ray optical elements (chapter 3)
(i) Crystals
- crystal structure and its symmetry (chapter 6)
- interaction between crystal and x-ray (chapter 7)
- crystal moving stage (chapter 8)
(iii) Detectors (chapter 4)
- film
- electronics
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8.1 Diffraction Experiments using Films

8.1.1 Laue camera
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8.1 Diffraction Experiments using Films
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8.1 Diffraction Experiments using Films
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If the reciprocal point hkl’s locate inside
of large Ewald sphere and outside of small
Ewald sphere, diffraction spot of (hkl) hits the film.
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8.1 Diffraction Experiments using Films

Intersection of a conical array of diffracted peaks makes a elliptic curve shape for
transmission case and makes hyperbola for back reflection case.

/

2, All of the planes of one zone reflected beams
4 |~ which lie on the surface of a cone whose axis
s is the zone axis and whose semi-apex angle
7o ¢\ Y 4 is equal to the angle ® at which the zone is
------ : -t inclined to the transmitted beam.
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et 0<®d<1/4 : transmission elliptic curve shape
/4<P<11/2 : transmission hyperbola
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8.1 Diffraction Experiments using Films
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Reflecting plane: belong to a zone whose axis lies
in yz-plane

CN: normal to the reflecting plane

PQ: trace of diffraction peaks

AN: trace of plane normal long to a zone.

Incident beam, plane normal, and diffracted beam
are coplanar. Therefore, the direction of reflecting
plane can be calculated if the position of N is
estimated by diffraction spot S.

Crystal orientation can be obtained from the y and
of the diffraction spots.
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8.1 Diffraction Experiments using Films
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Crystal orientation

¢« Plot of reflecting plane
normal at Wulff net
using y and 0.
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8.1 Diffraction Experiments using Films

-~ Cylindrical
photographic film

Beam stop

Crystal, suitably

. mounted
Incident X-ray

beam

Spindle on which
crystal is.rotated
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8.1 Diffraction Experiments using Films

Diffraction condition Diffraction pattern
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8.1 Diffraction Experiments using Films

(13 8-101

274 97 A9 BE HES AR A5 B

(S—SO)-C:I‘:H-C:I
since|S|=1/4andS,-c=0
C .
S-c=l - —sing=I
Ssinp

.. the lattice parameter ¢ becomes
o A
sinf# cos¢

Indexing of h and k
sin®f+ A

*|2
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I —L(J.—buoabuaﬂ)

where ‘r;‘ :‘ha* +kb*‘
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8.1 Diffraction Experiments using Films
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8.1 Diffraction Experiments using Films

There are a few combination which satisfies the condition; rh‘ = ‘ha* + kb*‘

It causes the overlapping of different diffraction peaks. One can reduce overlapping by
oscillating crystal or moving film (Weissenberg camera)
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8.1 Diffraction Experiments using Films

Weissenberg camera
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8.1 Diffraction Experiments using Films

Film coordinate and diffraction condition

20
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20 =0
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x: film moving direction

y: rotation direction

w: rotation angle of crystal

k: the ratio between x/0w ~ 0.5mm/min

X-ray & AT Laboratory, GIFT, POSTECH



8.1 Diffraction Experiments using Films

y= (2R/k)x — R(x +2¢)

P2
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Relationship between x and y for I=0
X=Kw

y =R26

Let’s see the diffraction condition for Po. To occur diffraction at Po, rotation angle of crystal
would be

T
w=—-0+
> ¢
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8.1 Diffraction Experiments using Films

2R
y=— X+ R(7 +2¢)
The reciprocal point which has the same ¢ lies on straight line.
Since a monochromatic x-ray is used in Weissenberg

camera, the reciprocal points lie inside of large circle can
be diffract by crystal rotation.

When the polar mesh of the large circle transforms to film
using the above equation;
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8.1 Diffraction Experiments using Films
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8.1 Diffraction Experiments using Films
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8.1 Diffraction Experiments using Films
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8.1 Diffraction Experiments using Films

A typical zero-level Weissenberg film, reproduced by permission of Prof. J.
Ibers of Northwestern University.
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8.1 Diffraction Experiments using Films

Equi-inclination method for I#0
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8.1 Diffraction Experiments using Films

Precession (Buerger) camera

Crystal

—= Real Lattice
Direction Normal

. fo o Plane in

S, Reciprocal Space

The precession camera. The small circle around the lattice direction pre-
cesses around So. (After Henry, N. F. M., Lipson, H., and Wooster, W. A. “The Inter-
pretation of X-Ray Diffraction Photographs.” MacMillan, London, 1951.)
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8.1 Diffraction Experiments using Films
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FIG. 5-33. A typical precession film, taken by C. Fairhurst. The film is the zero-layer
_ A2 OED Fi oF A} Wl E: 2} @ zlciulo] Lo obtained by precessing the [111] axis of a crystal of cubic Ag-Hg; Mo K, Zr filter, u =
(29 8-22]1 AARTE sh= S A WEs A2 % Adve] 29 20°, rs = 15 mm, crystal to film, 42 mm (perpendicular to film). This pattern was over-
exposed to show streaking from white radiation. The white region is the shadow of the

beam stop.
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8.1 Diffraction Experiments using Films
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8.1 Diffraction Experiments using Films
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