The Generation of X-Rays

Instructor: Jim



A bit-of History

Fig. 1.1. Rontgen’s experimental apparatus in 1895: B,
Ruhmkorff induction coil; C, photographic plate; T,
Hittorf-Crookes evacuated tube.

William Roentgen discovered X-rays
in 1895 and determined they had the
following properties

1. Travel in straight lines

2. Are exponentially absorbed in matter
with the exponent proportional to the
mass of the absorbing material

3. Darken photographic plates
4. Make shadows of absorbing material on
photosensitive paper

Roentgen was awarded the Nobel
Prize in 1901

Debate over the wave vs. particle
nature of X-rays led the development
of relativity and quantum mechanics



Discovery of Diffraction

Max ven Laue theorized that if X-rays
were waves, the wavelengths must
be extremely small (on the order of
1019 meters)

If true, the regular structure of
crystalline materials should be

Avi ewabl egay’isi mg X
His experiment used an X-ray source
directed into a lead box containing

, The image created showed: an oriented crystal with a

1.The lattice of the crystall photographic plate behind the box
produced a series of regular

spots from concentration of the

X-ray intensity as it passed

through the crystal and Von Laueds resul t s
2.Demonstrated the wave published in 1912

character of the x-rays

3.Proved that x-rays could be
diffracted by crystalline materials




Braggos NnNExt ens.i

. Lawrence Bragg and his father W.H. Bragg
discovered that diffraction could be treated as
reflection from evenly spaced planes if
monochromatic x-radiation was used

. Br agg 6 s ni=a2d sind

where n is an integer
A Is the wavelength of the X-radiation
d is the interplanar spacing in the
crystalline material and
0 Is the diffraction angle

. The Bragg Law makes X-ray powder
diffraction possible

O n



Notes on Units of Measure

. an angstrom (A) is 10-1° meters

. ananometer (nm) is 102 meters

. a micrometer (um) or micron is 105 meters
. a millimeter (mm) is 102 meters

In X-ray crystallography, d-spacings are and X-
ray wavelengths are commonly given in
angstroms
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HPDF#46-1212: QM=Star{S); d=Diffractometer; I=Diffractometer

Reference | Lines(25]| EDF2| i [Cu '”_—'§|.|@JQ|_J X

Corundum, syn (Corunclum) [ &
Al2 03

Radiation=CuKal Lambda=1.540562 Filter=

Calibration= 2T=25.576-68.994 Iflc(RIR)=

Ref: Huang. T.. Parrish, W., Masciocchi, N., Wang, P.

Adv. X-Ray Anal., w33 p295 (1390)

Rhombohedral - (Unknown), B-3c (167) Z=h mp=

CELL: 4.7587 x 4.7587 x 12.9929 <90.0 x 90.0 x 120.0> P.5=hR10 {Al2 O3)
Density(c)=3.987 Density{m)=3.39A huwt=101.96 Vol=254.81

Ref: Acta Crystallogr., Sec. B: Structural Science, w49 p973 {1933)

F(25)=357.4{.0028,25/0)

Strong Lines: 2.55/<1.60/9 2.09/7 3.48/5 1.74/3 1.24/3 1.37/3 1.40/2 2.38/2 1.51/1




Corundum, syn
Al2 O3
Radiation=CuK
Calibration=

PDF#46-1212: QM=Star(S); d=Di

al

Lambda=1.540562

2T=25.578-88.994
Ref: Huang, T., Parrish, W., Masciocchi, N., Wang, P.
Adv. X-Ray Anal., v33 p295 (1990)
Rhombohedral - (Unknown), R-3c (167) Z=6

CELL: 4.7587 x 4.7587 x 12.9929 <90.0 x 90.0 x 120.0>

Density(c)=3.987

ometer; I=Diffractometer

I/Ic(RIR)=

Density(m)=3.39A
Ref: Acta Crystallogr., Sec. B: Structural Science, v49 p973 (1993)

Filter=

mp=

P.S=hR10 (Al2
Mwt=101.96

Vol=

Strong Lines: 2.55/X 1.60/9 2.09/7 3.48/5 1.74/3 1.24/3 1.37/3 1.40/2 2.38/2 1.51/1
NOTE: The sampleis an alumina plate as received from ICDD.

Unit cell computed from dobs.

2-Theta
25.578
35.152
37.776
41.675
43.355
46.175
52.549
57.496
59.739
61.117
61.298
66.519
68.212
70.418
74.297
76.869
77.224
80.419
80.698
83.215
84.356
85.140
86.360
86.501
88.994

d(R)

3.4797
2.5508
2.3795
2.1654
2.0853
1.9643
1.7401
1.6016
1.5467
1.5151
1.5110
1.4045
1.3737
1.3360
1.2756
1.2392
1.2343
1.1932
1.1897
1.1600
1.1472
1.1386
1.1257
1.1242
1.0990

I(f)
45.0
100.0
21.0
2.0
66.0
1.0
34.0
89.0
1.0
2.0
14.0
23.0
27.0
0]
2.0
29.0
12.0
1.0
2.0
1.0
3.0
<1
2.0
3.0
9.0

(hkl)
(012)
(104)
(110)

(113)
(024)
(116)

(018)
(214)
(300)

(10 10)
(119)

Theta
12.789
17.576
18.888
(006)
21.678
(202
26.274
28.748
(211)
(122
30.649
33.259
34.106
(125)
(208)
38.435
38.612
(217)
(@40))
(306)
()
(131)
(312
(128)
(0210)

1/(2d)
0.1437
0.1960
0.2101
20.837
0.2398
23.087
0.2873
0.3122
29.869
30.558
0.3309
0.3560
0.3640
35.209
37.148
0.4035
0.4051
40.210
40.349
41.607
42.178
42.570
43.180
43.250
44.497

F(25)=357.4(.0028,25/0)

2pi/d
1.8056
2.4632
2.6406
0.2309
3.0131
0.2545
3.6109
3.9232
0.3233
0.3300
4.1583
4.4735
45738
0.3743
0.3920
5.0706
5.0903
0.4191
0.4203
0.4310
0.4358
0.4391
0.4442
0.4448
0.4549
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