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Figure 18.15 Diffraction patterns of DNA,
showing the patterns obtained for both A-DNA
(left half) and B-DNA (right half). (Courteiy of
W. Fuller.)

Figure 7.2 Three helical forms of
DNA, each containing 22 nucleotide
pairs, shown in both side and top
views. The sugar-phosphate backbone
is dark; the paired nucleotide bases are |
light. (a) B-DNA, which is the most
common form in cells. (b) A-DNA,
which is obtained under dehydrated
nonphysiological conditions. Notice
the hole along the helical axis in this
form. (c) Z-DNA, which can be forme[]
by certain DNA sequences under
special circumstances. (Courtesy of
Richard Feldmann.)
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Figure 12-1 Distribution of continuum radiation from
an X-ray tube with a tungsten target. The numbers above
the curves indicate the accelerating voltages.
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Figure 12-3 Relationship between X-ray emission fre-
quency and atomic number for K41 and Lqg lines.
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Electron binding energies in eV for the elements in their natural forms Values compiled by
wyn Williams

Element K L-1 L-I L-lIl M-I M-Il M-Il M-IV M-V  N-I  N-lI N-Ill
1s 2s  2pl/2 2p3/2 3s  3pl/2 3p3/2 3d3/2 3d5/2 4s  4pl/2 4p3/2

12 Mg 1303.0+ 88.6* 49.6+ 49.21

13 Al 1559.0 117.8* 72.9* 725*

14 Si 1839 149.7*b 99.8* 99.2*

19 K 3608.4* 378.6* 297.3* 294.6* 34.8* 18.3* 18.3*

20 Ca 4038.5* 438.4+ 349.7+ 346.2+ 443+ 25.4+ 254+

21 Sc 4492 498.0* 403.6* 398.7* 51.1* 28.3* 28.3*

22Ti 4966 560.9+ 460.2+ 453.8+ 58.7+ 32.6+ 32.6+

23V 5465 626.7+ 519.8+ 512.1+ 66.3+ 37.2+ 37.2+

24 Cr 5989 696.0+ 583.8+ 574.1+ 74.1+ 422+ 42.2+

25Mn 6539 769.1+ 649.9+ 638.7+ 82.3+ 47.2+ 47.2+

26 Fe 7112 8446+ 7199+ 706.8+ 91.3+ 527+ 527+

27Co 7709 9251+ 793.2+ 778.1+ 101.0+ 58.9+ 59.9+

28 Ni 8333 1008.6+ 870.0+ 852.7+ 110.8+ 68.0+ 66.2+

29 Cu 8979 1096.7+ 952.3+ 932.7 1225+ 77.3+ 75.1+

30Zn 9659 1196.2* 1044.9* 1021.8* 139.8* 91.4* 88.6* 10.2* 10.1*

31 Ga 10367 1299.0*b 1143.2+ 1116.4+ 159.51 103.5+ 100.0+ 18.7+ 18.7+

32Ge 11103 1414.6*b 1248.1*b 1217.0*b 180.1* 124.9* 120.8* 29.8* 29.2*

40 Zr 17998 2532 2307 2223 430.3+ 3435+ 329.8+ 181.1+ 178.8+ 50.6+ 285+ 27.1+
41 Nb 18986 2698 2465 2371 466.6+ 376.1+ 360.6+ 205.0+ 202.3+ 56.4+ 32.6+ 30.8+
42 Mo 20000 2866 2625 2520 506.3+ 411.6+ 394.0+ 231.1+ 227.9+ 63.2+ 37.6+ 35.5+
43 Tc 21044 3043 2793 2677 544* A447.6* 417.7* 257.6* 253.9* 69.5* 42.3* 39.9*
44 Ru 22117 3224 2967 2838 586.1* 483.3+ 461.5+ 284.2+ 280.0+ 75.0+ 46.3+ 43.2+
45 Rh 23220 3412 3146 3004 628.1+ 521.3+ 496.5+ 3119+ 307.2+ 81.4*b 50.5+ 47.3+
46 Pd 24350 3604 3330 3173 671.6+ 559.9+ 532.3+ 340.5+ 335.2+ 87.1*b 55.7+a 50.9+
47 Ag 25514 3806 3524 3351 719.0+ 603.8+ 573.0+ 374.0+ 368.3 97.0+ 63.7+ 58.3+
48 Cd 26711 4018 3727 3538 772.0+ 652.6+ 618.4+ 4119+ 405.2+ 109.8+ 63.9+a 63.9+a

17



Element K L-I L-Il L-l M-l M-Il M-l M-IV M-V N-I N-Il N-llI
1s 2s 2pl/2 2p3/2 3s  3pl/2 3p3/2 3d3/2 3d52 4s  4pl/2  4p3/2

50Sn 29200 4465 4156 3929 884.7+ 756.5+ 714.6+ 49g3.2+ 484.9+ 137.1+ 83.6+a
83.6+a

51Sb 30491 4698 4380 4132 940+ 812.7+ 766.4+ 537.5+ 528.2+ 153.2+ 95.6+a 95.6+a
72 Hf 65351 11271 10739 9561 2601 2365 2107 1716 1662 538* 438.2+ 380.7+
/3Ta 67416 11682 11136 9881 2708 2469 2194 1793 1735 563.4+ 463.4+ 400.9+
7AW 69525 12100 11544 10207 2820 2575 2281 1949 1809 594.1+ 490.4+ 42361
/5Re 71676 12527 11959 10535 2932 2682 2367 1949 1883 625.4+ 518.7+ 446.8+
76 0Os 73871 12968 12385 10871 3049 2792 2457 2031 1960 658.2+ 549.1+ 470.7+
77 1r 76111 13419 12824 11215 3174 2909 2551 2116 2040 691.1+ 577.8+ 495.8+
/8Pt 78395 13880 13273 11564 3296 3027 2645 2202 2122 725.4+ 609.1+ 519.4+
79 Au 80725 14353 13734 11919 3425 3148 2743 2291 2206 762.1+ 642.7+ 546.3+
80Hg 83102 14839 14209 12284 3562 3279 2847 2385 2295 802.2+ 680.2+ 576.6+
81Tl 85530 15347 14698 12658 3704 3416 2957 2485 2389 846.2+ 720.5+ 609.5+
82Pb 88005 15861 15200 13035 3851 3554 3066 2586 2484 891.8+ 761.9+ 643.5+
83 Bi 90526 16388 15711 13419 3999 3696 3177 2688 2580 939+ 805.2+ 678.8+

18



» XAROWIY
B (Ko, Kg &0 bR RMAD (Fig.)
Lambert-Beer D{EH] P/ Py = e H* = e HMPT,

pox A3Z3 ppr = Wapa +Waup + ...

pg R RIRIURH (cm2/q),W; 13 Bk,

Filter (Fig.)

19



(L)

500f

10}

g YT

1.0-Kﬁzl Ka,

L N
A, (A)

Flo. 2X ROBE L BRRI
%3 = OBSE (3 : Pb)

20



X CT

Tomography

21



22






24






X#EormH : Photon counting, Scintilla-
tion Counters, Semiconductor Transducers,
Counting Ratemeter, Pulse-Height Analyz-
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Competition between X-ray fluorescence and Auger electron emission
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« EXAFS(Extended X-ray Absorption Fine Structure)
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Figuare 12-6 Diffraction of X-rays by a crystal.
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Figure 12-9 An X-ray monochromator and detector. Note that the angle of
the detector with respect to the beam (26) is twice that of the crystal face. For
absorption analysis, the source is an X-ray tube, and the sample is located in the
beam as shown. For emission work, the sample becomes a fluorescent source of
X-rays as shown in the insert.
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Electron binding energies in eV for the elements in their natural forms Values compiled by
wyn Williams

Element K L-1 L-I L-lIl M-I M-Il M-Il M-IV M-V  N-I  N-lI N-Ill
1s 2s  2pl/2 2p3/2 3s  3pl/2 3p3/2 3d3/2 3d5/2 4s  4pl/2 4p3/2

12 Mg 1303.0+ 88.6* 49.6+ 49.21

13 Al 1559.0 117.8* 72.9* 725*

14 Si 1839 149.7*b 99.8* 99.2*

19 K 3608.4* 378.6* 297.3* 294.6* 34.8* 18.3* 18.3*

20 Ca 4038.5* 438.4+ 349.7+ 346.2+ 443+ 25.4+ 254+

21 Sc 4492 498.0* 403.6* 398.7* 51.1* 28.3* 28.3*

22Ti 4966 560.9+ 460.2+ 453.8+ 58.7+ 32.6+ 32.6+

23V 5465 626.7+ 519.8+ 512.1+ 66.3+ 37.2+ 37.2+

24 Cr 5989 696.0+ 583.8+ 574.1+ 74.1+ 422+ 42.2+

25Mn 6539 769.1+ 649.9+ 638.7+ 82.3+ 47.2+ 47.2+

26 Fe 7112 8446+ 7199+ 706.8+ 91.3+ 527+ 527+

27Co 7709 9251+ 793.2+ 778.1+ 101.0+ 58.9+ 59.9+

28 Ni 8333 1008.6+ 870.0+ 852.7+ 110.8+ 68.0+ 66.2+

29 Cu 8979 1096.7+ 952.3+ 932.7 1225+ 77.3+ 75.1+

30Zn 9659 1196.2* 1044.9* 1021.8* 139.8* 91.4* 88.6* 10.2* 10.1*

31 Ga 10367 1299.0*b 1143.2+ 1116.4+ 159.51 103.5+ 100.0+ 18.7+ 18.7+

32Ge 11103 1414.6*b 1248.1*b 1217.0*b 180.1* 124.9* 120.8* 29.8* 29.2*

40 Zr 17998 2532 2307 2223 430.3+ 3435+ 329.8+ 181.1+ 178.8+ 50.6+ 285+ 27.1+
41 Nb 18986 2698 2465 2371 466.6+ 376.1+ 360.6+ 205.0+ 202.3+ 56.4+ 32.6+ 30.8+
42 Mo 20000 2866 2625 2520 506.3+ 411.6+ 394.0+ 231.1+ 227.9+ 63.2+ 37.6+ 35.5+
43 Tc 21044 3043 2793 2677 544* A447.6* 417.7* 257.6* 253.9* 69.5* 42.3* 39.9*
44 Ru 22117 3224 2967 2838 586.1* 483.3+ 461.5+ 284.2+ 280.0+ 75.0+ 46.3+ 43.2+
45 Rh 23220 3412 3146 3004 628.1+ 521.3+ 496.5+ 3119+ 307.2+ 81.4*b 50.5+ 47.3+
46 Pd 24350 3604 3330 3173 671.6+ 559.9+ 532.3+ 340.5+ 335.2+ 87.1*b 55.7+a 50.9+
47 Ag 25514 3806 3524 3351 719.0+ 603.8+ 573.0+ 374.0+ 368.3 97.0+ 63.7+ 58.3+
48 Cd 26711 4018 3727 3538 772.0+ 652.6+ 618.4+ 4119+ 405.2+ 109.8+ 63.9+a 63.9+a
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Element K L-I L-Il L-l M-l M-Il M-l M-IV M-V N-I N-Il N-llI
1s 2s 2pl/2 2p3/2 3s  3pl/2 3p3/2 3d3/2 3d52 4s  4pl/2  4p3/2

50Sn 29200 4465 4156 3929 884.7+ 756.5+ 714.6+ 49g3.2+ 484.9+ 137.1+ 83.6+a
83.6+a

51Sb 30491 4698 4380 4132 940+ 812.7+ 766.4+ 537.5+ 528.2+ 153.2+ 95.6+a 95.6+a
72 Hf 65351 11271 10739 9561 2601 2365 2107 1716 1662 538* 438.2+ 380.7+
/3Ta 67416 11682 11136 9881 2708 2469 2194 1793 1735 563.4+ 463.4+ 400.9+
7AW 69525 12100 11544 10207 2820 2575 2281 1949 1809 594.1+ 490.4+ 42361
/5Re 71676 12527 11959 10535 2932 2682 2367 1949 1883 625.4+ 518.7+ 446.8+
76 0Os 73871 12968 12385 10871 3049 2792 2457 2031 1960 658.2+ 549.1+ 470.7+
77 1r 76111 13419 12824 11215 3174 2909 2551 2116 2040 691.1+ 577.8+ 495.8+
/8Pt 78395 13880 13273 11564 3296 3027 2645 2202 2122 725.4+ 609.1+ 519.4+
79 Au 80725 14353 13734 11919 3425 3148 2743 2291 2206 762.1+ 642.7+ 546.3+
80Hg 83102 14839 14209 12284 3562 3279 2847 2385 2295 802.2+ 680.2+ 576.6+
81Tl 85530 15347 14698 12658 3704 3416 2957 2485 2389 846.2+ 720.5+ 609.5+
82Pb 88005 15861 15200 13035 3851 3554 3066 2586 2484 891.8+ 761.9+ 643.5+
83 Bi 90526 16388 15711 13419 3999 3696 3177 2688 2580 939+ 805.2+ 678.8+
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