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Dispersion corrections for X-ray scattering of atoms for
Cr K&, Cu K« and Mo K« radiations have been tabulated
by Dauben & Templeton (1955) for sin §/A=0 and in
International Tables for X-ray Crystallography (1962) for
various values of sin 6/A. Although these are the most
commonly used radiations, it is desirable that dispersion
corrections for other conventional radiations should be
readily available. Corrections for several elements for
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Ag K« and Co Ko radiations were required for work in
progress in this laboratory and the calculation of these
was therefore extended to cover elements with atomic
numbers up to 92 and for suitable ranges of sin §/A.
These corrections are listed in Tables 1 and 2; values for
sin §/A=0-6 A-1 for Co K« radiation have been in-
cluded to permit the estimation of values for sin 6/4
between 0-4 and 0-56 A-1(=1/4).

The corrections for sin 6/A have been calculated by
the methods of Parratt & Hempstead (1954) for the

Table 1. Dispersion corrections for Ag K« radiation

(A=0-5609 A)
Af/ Af// Afl Af/r
sin 0/4 (A-1) sin 6/A (A-1) sin 6/4 (A-1) sin 6/A (A-1)

Atom 0 0-6 10 1-3 0 06 10 13 | Atom 0 0-6 1-0 13 0 06 10 13
6C 0-:00 000 000 000 50Sn —1-21 —1-26 —1-32 —1-37 1-1 10 09 08
TN 001 001 001 001 518b —1.06 —1-12 —1.17 —1.23 12 11 10 09
80 001 001 001 001 52Te —097 —1-03 —1.08 —1-14 1.3 1.2 1.1 1-0
9F 002 002 001 001 531 —~089 —095 —1.01 —1.07 14 13 1.2 11
10 Ne 002 002 002 002 54Xe —083 —0-89 —0-95 —1-01 15 14 1.3 1.2
11 Na 003 003 0-03 002 55Cs —077 —083 —089 —096 16 16 14 1.3
12 Mg 0-04 004 003 0-03 56Ba —070 —0-76 —0-83 —0-90 1-8 1.7 15 14
13 Al 005 005 004 004 00 00 00 00 | 57La ~063 —0-70 —0-77 —0-84 19 1.8 17 15
14 Si 006 006 005 005 01 01 00 00| 58Ce —0-58 —0-65 —0-72 —0-80 2:1 20 1.9 1.7
15P 008 007 006 006 01 01 01 01 | 59Pr —054 —061 —069 —076 22 21 1.9 1-8
168 009 009 008 007 01 01 01 01 | 60Nd —050 —057 —065 —074 23 22 21 1.9
17 C1 011 o010 009 008 01 01 01 01 | 61Pm —046 —053 —062 —071 25 24 22 20
18A 013 012 011 010 01 01 01 01 | 62Sm —044 —052 —0-60 —069 26 25 24 22
19K 0-16 014 013 012 02 02 01 01 | 63Bu —042 —050 —0-58 —067 28 27 25 23
20 Ca 018 017 015 014 02 02 02 02 | 64Gd —041 —049 —057 —066 29 28 27 25
21 Se 021 019 017 016 03 02 02 02 | 65Tb —~038 —046 —0-55 —0-64 31 30 29 27
22 Ti 023 021 019 018 03 03 03 02 | 66Dy —035 —044 —054 —063 33 32 31 28
23V 026 023 021 020 04 03 03 03 | 67Ho —034 —044 —054 —063 36 34 33 31
24 Cr 029 026 024 022 04 04 04 04 | 68Er —032 —043 —053 —0-63 37 36 34 32
25 Mn 031 028 02 024 05 05 05 04 | 69Tm —031 —042 —052 —~062 40 38 37 34
26 Fe 03¢ 030 028 02 06 06 05 05| 70Yb —030 —04l —052 —062 42 41 39 36
27 Co 036 032 03 028 07 07 06 06 | 71Lu —031 —042 —053 —064 44 43 41 38
28 Ni 038 034 031 029 08 08 07 07 | 72Hf —032 —043 —056 —066 47 46 44 41
29 Cu 039 035 032 030 09 09 08 08| 783Ta —032 —044 —0-58 —067 50 48 46 43
30 Zn 040 036 033 031 1.0 09 09 09 | 74W —035 —047 —061 —071 53 51 49 46
31 Ga 040 036 033 03 1.1 1.1 11 10| 75Re —039 —0-51 —065 —076 56 54 52 49
32 Ge 03 035 032 02 13 12 12 11| 760s —045 —056 —0-71 —081 59 57 55 52
33 As 038 033 03 027 14 14 14 1.3!77Ir —050 —062 —076 —0-87 62 60 58 55
34 Se 034 030 02 023 16 16 15 14 | 78Pt —055 —067 —08l —094 66 64 61 58
35 Br 029 02 021 018 1.7 17 17 16 | 79Au —068 —080 —095 —1.06 69 67 64 61
36 Kr 022 018 014 o011 20 19 1.9 1.8 | 80Hg —090 —101 —116 —1-28 73 71 68 63
37Rb 012 008 004 002 22 21 21 20| 8T —103 —1.14 —1.29 —142 77 74 72 68
38Sr —001 —005 —009 —0-12 24 23 23 22| 8Pb —116 —1-28 —143 —155 81 7.8 75 72
39Y —018 —022 —026 —028 26 25 25 24 | 83Bi —132 —144 —1:58 —1.71 85 83 80 76
40Zr —040 —044 —048 —051 29 29 28 27 | 8Po -—154 —165 —1-:80 —192 90 87 84 81
41Nb —069 —073 —078 —081 32 31 31 30| 8At —1.74 —1-85 —2:00 —2:12 94 91 87 84
42Mo —124 —128 —132 —1-3¢4 36 35 35 33 | 8Rn —194 —205 —223 —232 98 96 93 88
43Tec —177 —182 —1.85 —187 39 39 38 36 | 87Fr —223 —234 —250 —2:60 10:3 100 97 93
44 Ru * * * * 31 30 29 28| 8Ra —249 —260 —2:76 —2-85 10-8 10-5 102 97
45Rh —257 —2:62 —2:65 —267 07 07 06 05 | 89Ac —300 —310 —326 —334 11.3 11-0 106 10-2
46Pd —198 —203 —206 —210 08 07 06 05| 90Th —357 —367 —381 —3.87 118 11-5 11-1 10-6
47Ag —164 —169 —173 —1-77 08 08 07 06 | 91Pa —403 —412 —426 —4-32 12-4 120 117 11-2
48Cd —145 —149 —154 —158 09 08 08 07| 92U —465 —4-73 —4-87 —4-92 13-0 12:6 122 11-7
49In —129 —1-35 —139 —144 1.0 09 08 07
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Table 2. Dispersion corrections for Co Ko radiation
(A=1-790 A)

Af/ Af//
sin 6/4 (A-1) sin 6/4 (A-1)

Atom 0 04 0-6 0 0-4 0-6

3 Li 0-00 0-00 0-00

4 Be 0-01 0-01 0-01

5B 001 0-01 0-01

6C 0-03 0-03 0-02

7N 0-04 0-04 0-04 0-0 0-0 0-0

80 0-06 0-06 0-06 0-1 0-0 00

9F 0-08 0-08 0-07 01 0-1 0-1
10 Ne 0-10 0-10 0-09 0-1 01 01
11 Na 015 014 0-13 0-2 0-2 0-2
12 Mg 019 0-17 0-17 0-2 0-2 0-2
13 Al 0-22 0-21 0-20 0-3 0-3 03
14 Si 0-26 0-25 0-24 0-4 0-4 0-4
15P 0-30 0-29 0-27 0-6 0-6 05
16 S 0-33 0-31 0-30 0-7 07 07
17 Cl 0-37 0-34 0-32 09 0-9 0-9
18A 0-38 0-34 0-32 11 1-1 1-1
19K 0-36 0-32 0-30 1-3 1-3 1-3
20 Ca 0-30 0-25 0-23 1.7 1-7 1-6
21 Se 0-17 0-12 0-10 2:0 2:0 1-9
22 Ti —0-:06 —010 —0-12 2-4 2-4 2-3
23V —0-36 —041 —043 2-8 28 2-7
24 Cr —087 —091 —094 34 3-3 3-2
25 Mn —1-92  —195 —1-96 40 39 38
26 Fe —350 —351 —352 05 05 04
27 Co —-2-17 —220 —2-24 0-6 06 05
28 Ni -170 —173 —1-77 07 0-7 06
29 Cu —143. —147 —1-51 0-8 0-8 0-7
30 Zn —-1-23 —130 —1-33 09 0-9 0-8
31 Ga —-1-08 —115 —119 1-1 1-0 09
32 Ge —096 —1:03 —1-07 1-2 1-1 1-0
33 As -08 —093 —097 14 1-3 1-2
34 Se —0-77  —0-84¢ —0-89 1-6 1-5 1-4
35 Br —070 —077 —0-83 1-8 1-7 1-6
36 Kr —064 —071 —077 2:1 1-9 1-8
37Rb —0-59 —066 —0-72 23 2-1 20
38 Sr —0-55 —062 —068 25 24 2.2
39Y —052 —058 —064 28 27 25
40 Zr —-051  —0-58 —0-64 32 30 2-8
41 Nb —051 —058 —0-63 34 32 3-0
42 Mo —0-53 —060 —0-66 3-8 36 34
43 Te —054 —061 —068 4.2 40 3-8
44 Ru —060 —067 —073 4-6 43 4-1
45 Rh —0-66 —073 —0-79 5-0 47 45
46 Pd —-074 —081 —087 54 52 4-9
47 Ag —08 —093 —098 59 56 54

contributions of the K, L, M and N electrons with the
L shell subdivided into Ly, Ly;, and Liy; shells. The
oscillator strengths for the K and L shells have been
estimated by fitting smooth curves to the data tabulated
by Compton & Allison (1935) and James (1958), together
with those of Eisenlohr & Miiller (1954), and the oscillator
strengths for the M and N shells are based on the values
given by Parratt & Hempstead in their examples.
The exponents p have also been chosen according to
their examples and the values of Re[J,—1] determined
by interpolation between their tabulated values. Damping
effects have been neglected. The corrections for other
values of sin 6/4 have been derived in the same way
as those given in the International Tables, using the
data of Veenendaal, MacGillavry, Stam, Potters &
Roémgens (1959).

Af’ af”

sin /4 (A-1) sin 6/4 (A-1)

Atom 0 0-4 0-6 0 0-4 06
48 Cd —0-99 —1.06 —1-13 6-5 6-2 6-0
49 In —1-16 —1-23 —1-28 6-9 6-6 6-4
50 Sn —1-33 —1-39 —1-45 75 7-2 6-9
51 Sb —1-57 —1-63 —1-69 81 7-8 7-5
52 Te —1-89 —1-96 —2-00 8-6 8-3 7-9
531 —2-27 —2-33 —2-37 9-2 8-8 85
54 Xe —2-76 —2:81 —2-85 10-0 9-6 9-2
55 Cs —3-37 —343 —3-45 10-6 10:3 9-9
56 Ba —4-01 —4-07 —4-08 11-3 10-9 10-6
57 La —5-03 —-507 —5-07 12-0 11-6 11-2
58 Ce —6-07 —6-10 —6-11 12-7 12-3 11-8
59 Pr * * * 13-3 12-9 12-4
60 Nd —9:43 —-9-43 -9-38 13-5 13-1 12-7
61 Pm * * * 13-1 12-6 12-1
62 Sm —-10-73 -1075 ~10-70 14-1 13-5 12-9
63 Eu * * * 40 3-6 3-3
64 Gd —9-41 —-9-49 —9-47 4-3 3-9 3-5
65 Th —8-12 —8-23 —8-23 4-6 4-1 37
66 Dy —-17-19 —17-30 —-7-33 49 45 4-0
67 Ho —6-68 —6-80 —6-87 5-2 4-8 4-3
68 Er —-6-19 —6-32 —6-39 55 50 4-6
69 Tm —578 —5-90 — 599 5-8 5-3 4-8
70 Yb —5-47 —560 —573 6-2 58 5-3
71 Lu —5-22 —534 —548 6-5 6-1 5-5
72 Hf —4-96 —509 —-521 6-9 6-4 6-0
73 Ta —4-74 —4-87 —5-00 7-3 6-8 6-3
74 W —4-59 —4-73 —4-86 7-8 7-3 6-7
75 Re —4-46 —4-58 —4-73 83 7-8 7-1
76 Os —4-39 —4-51 —4-64 8-7 82 7-6
771Ir —4-30 —4-42 —4-56 9-3 87 8-1
78 Pt —4-24 —4-36 —4-50 9-8 9-1 85
79 Au —4-13 —4-25 —4-39 10-3 9-7 89
80 Hg —4-08 —4-21 —4-33 10-9 10-2 9-6
81 Tl —410 —4-23 —4-35 11-5 10-8 10-1
82 Pb —4-19 —4-31 —4-43 12-1 11-4 10-7
83 Bi —4-23 —4-35 —4-46 12-8 12-0 11-2
84 Po —4-39 —4-49 —4-61 13-4 12-7 11-7
85 At —4-57 —4-66 —4-77 14-1 13-4 12-4
86 Rn —4-81 —4-90 —5-00 14-7 13-9 12-9
87 Fr —5-05 —-513 —522 15-4 14-5 13-6
88 Ra —5-30 —5-36 —545 16-1 15-2 14-2
89 Ac — 555 —5-61 —5-68 16-9 16-0 14-9
90 Th —5-86 —591 —5-97 17-6 16-7 15-5
91 Pa —6-28 —6-32 —6-36 18-3 17-2 16-1
92U —6-61 —6-64 —6-66 19-1 18-0 16-8

The uncertainties associated with the parameters
involved in these calculations are such that the reliability
of the tabulated corrections is difficult to estimate and
the fact that values of Af” have been given to two
decimal places should not be taken as any indication
of their accuracy. Values close to absorption edges are
particularly uncertain, and in some cases have not been
calculated (indicated by asterisks in the tables).
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The C-N-C bond angle in triphenylamine is of theoretical
interest. Efforts to determine the structure of solid
triphenylamine by X-ray diffraction studies terminated
with the discovery that there are either two or four
molecules in the asymmetric unit (Howells, 1950;
Iveronova & Rojtburd, 1952; Howells, Lovell, Rogers &
Wilson, 1954). Since it seemed possible the tris(p-halo-
phenyl)amines might have unit cells with fewer molecules
in the asymmetric unit, a preliminary investigation of
these compounds was carried out.

The space group and unit-cell dimensions were
determined from oscillation, Weissenberg, and precession
photographs using Cu Ka (A=1-5418 A) and Mo K«
(A=0-7107 A) radiation. The fluoro, chloro, and bromo
compounds are monoclinic. The iodo compound belongs
to the trigonal crystal system. For the monoclinic
compounds the extinctions observed were: 0k0 with k&
odd and %0l with & odd. For the trigonal compound there
were no extinctions for the rhombohedral setting.

The densities of the fluoro and chloro compounds were
measured by flotation in aqueous potassium iodide, and
those of the bromo and iodo compounds in solutions of
bromoform and cyclohexane. A comparison of the cell
dimensions and an approximate comparison of intensities
indicate that the chloro and bromo compounds are iso-

morphous. The fluoro compound may be isomorphous
with these, but the evidence is not as conclusive.

About the time the work reported here was finished,
we discovered we had overlooked the electron diffraction
work of Sasaki, Kimura & Kubo (1959) on gaseous
triphenylamine, in which they found a bond angle of
116 +2°., Therefore, the primary question has been
answered. The trend, if any, in the C-N-C angle with
changing halogen substituents would also be an interesting
question, but we plan no further work on these compounds.

The authors are grateful to Professor D. Britton for his
help and advice in interpreting the data and to Professor
R. Walter of Haverford College who provided the
compounds and raised the original question.

References

Howeiis, E. R. (1950). Acta Cryst. 3, 317.

HoweLwls, E. R., LoveLr, F. M., RoGgErs, D. & WILsON,
A. J. C. (1954). Acta Cryst. 7, 298.

IveroxNova, V. I. & RoJsrBURD, C. M. (1952). Zh. fiz.
Khim. 26, 810.

Sasaxki, Y., Kimura, K. & KuBo, M. (1959). J. Chem.
Phys. 31, 4717.

Table 1. Crystal data of tris(p-halophenyl)amines

N(C.H,I),

N(C4H,F), N(CeH,Cl), N(C;H,Br), hexagonal rhombohedral
a 10:27+0-01 A 11-25+0:02 A 11-48+0-01 A 44-52+0-11 A 2593+ 0-06 A
b 17-51+0-02 A 16-67+0-02 A 16:74 + 0-02 A — —
¢ 8:53+0-02 A 9-21+0-01 A 9-41+0-01 A 10-19+0-04 A —
B 104:6+0-1° 107-2+0-1° 107-5+ 0-1° — —
& — — — — 118° 19’ + 30’
U 1485 A3 1650 A3 1725 A3 17490 A3 5830 A3
D, 135+ 0-01 g.cm™3 1-41+ 0-01 g.cm—3 184+ 0-02 g.cm—3 2-14+0-01 g.em™3
zZ 4 4 4 36 12
D, 1-352 + 0-002 g.cm~3 1-416 + 0-002 g.cm™3 1-867 +0-003 g.cm 2 2-139 + 0-006 g.cm™3
S.G. P2,/a P2,ja P2,ja R3 or R3



