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Perutz (1953) has shown that the birefringence and
dichroism of crystalline haemoglobin is dominated by the
intrinsic birefringence and dichroism of the haemoglobin
molecule. In all the forms he studied, the orientation of
the haem groups resulted in the strongest absorption
being in the plane perpendicular to the length of the
molecule. The dichroism of the three new forms has been
studied and is in agreement with this result. In pig
haemoglobin I dichroism appears to be weak or absent
owing to the large tilt of the molecules relative to each
other; in rabbit haemoglobin I there is strong dichroism,
and the direction of maximum absorption corresponds
closely with the orientation of the molecule deduced
above. When looking down b the optical extinction direc-
tion is almost parallel to the direction of maximum
absorption. It was possible to observe the thin plates of
pig haemoglobin II only perpendicular to (001). In this
orientation strong dichroism was observed with maximum
absorption when the vibration direction was parallel to a.

These results are in agreement with the general
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hypotheses referred to above about the molecular shape,
birefringence and dichroism of the mammalian haemo-
globins.

I am grateful to Dr M. F. Perutz and Dr V. M. Ingram
for helpful advice and criticism. The work was done
during tenure of a Medical Research Council Scholarship.
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Calculation of atomic scattering factors using Slater wave functions: sodium to calcium. By
Y. Tomne* and C. H. Stam, School of Chemistry, The University, Leeds 2, England

(Received 22 July 1957)

Following McWeeny’s suggestion (1951), we have cal-
culated the atomic scattering factors for the spherically
averaged atoms from sodium to calecium, inclusive, by
his method using Slater wave functions. The formulae
used in our calculation were:
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f_ (2p) and F(3p) are the averaged contributions of 2p and
3p electrons, respectively, to the scattering factor. Al-

* On leave from Department of Chemistry, Osaka Univer-
sity, Nakanoshima, Osaka, Japan.

though f(3s) = f(3p) is not strictly correctt, the influence
of this approximation is found to be negligibly small for
the final results: for example, the maximum difference
due to this approximation for Ca?t is only 0-005. This
may not be the case for atoms heavier than Ca. «,, and
g3 are the overlap integrals between ls and 2s, and 2s
and 3s unorthogonalized Slater wave functions, respec-
tively. ¢, is the effective nuclear charge for the ls elec-
trons, ¢, one-half that for the 2s and 2p electrons and ¢,
one-third that for the 3s and 3p electrons; the numerical
values of these can easily be obtained from Slater’s rules
(1930). The results are given in Table 1.

For Na, Mg?t, Al*t, Sitt, Cl-, A, K+ and Ca, revised
atomic scattering factors have been given by Berghuis
et al. (1955), calculated from self-consistent-field electron-
density data. Comparison with our results shows the fol-
lowing points:

(a) Ca2t, K+, A and C]‘.—Gnoﬁ agreement, is obtained
in the region of sin /A < 0-5. (For calcium, comparison
cannot be made in the region of sin 6/% < 0-15 as Berghuis

T The exact formula of f(3s) is
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Table 1. Atomic scattering factors calculated by the use of Slater atomic wave functions

X is sin 6/4 in atomic units

X 0-000 0-025 0-050 0-075 0-100 0-125 0-150 0-175 0-200 0-250 0-300 0-400 0-500 0-600 0-700 0-800
Nat 10-00 9-91 9-66 9-26 874 8-13 7-46 6-77 6:08 480 376 240 177 150 1-37 128
Na 11-00 10-56 9-81 9-23 871 811 7-45 6-77 608 4-81 376 240 177 1.50 1-37 127
Mg?+ 10-00 9-93 9-74 9-43 9-02 8:52 797 7-38 6-77 5-58 4-52 2:96 209 166 145 1-34
Mg 12.00 11-48 10-42 9-55 8-95 8-45 7-93 7-36 677 559 4-53 296 209 166 145 1-34
AR+ 10-00 9-95 9-80 9-55 9-22 8-81 8-35 7-84 7-31 623 521 355 249 1-89 158 1-41
Al 13:00 12-47 11-27 10-11 9-27 8:69 8-23 777 7-28 624 523 357 249 1.90 1-58 1-41
Sitt 10-00 9-96 9-83 9-63 9-36 9-02 8:63 8-20 7-74 677 581 4-14 294 219 176 1-52
Si 14-00 1351 12-26 10-89 9-77 9:20 8-47 8-04 7-63 675 584 4-17 2:96 220 1-77 1-52
P 15-00 14-53 13-31 11-82 1047 9-46 877 8-27 7-88 7-13 633 475 346 257 2-01 1-67
S 16:00 15-56 14-38 12-84 11:3¢ 10-10 9-19 8:55 810 740 6-72 5-27 3-96 2:98 2:30 1-87
S2- 18:00 17-26 15-37 13-10 11-13 9-74 8-88 8-37 803 743 671 526 395 296 229 1-86
Cl 17-00 16-58 15-46 13-92 12-31 10-88 9-76 8-94 836 760 7-00 572 445 341 264 2-11
Cl- 18-:00 17-48 16-07 14-22 12:35 10-77 9-60 8-80 827 759 701 573 445 340 263 2-11
A 18:00 17-61 16-54 1502 13:35 1178 10-47 9-46 872 17-80 7-21 609 491 384 300 239
K+ 18:00 17-70 16-85 1560 14-15 12-68 11:35 10-22 932 813 741 6-38 531 4-27 339 270
Ca?t 18:00 17-76 17-07 16-03 1478 13-45 12-15 10-99 10-01 857 7-68 660 556 464 377 3-04

et al. give the data for neutral calcium.) For higher
sin 6/A the differences are somewhat larger but do not
exceed 49%. The positions of maximum difference, which
are out of the range of Cu K« radiation, gradually shift
towards larger sin 6/2 as the atomic number increases.

(b) Na, Mg?* and Si**.—The maximum difference is
59, for Na and decreases as the atomic number increases.
The positions of maximum difference are now in the range
of Cu K« radiation and again gradually shift towards
larger sin 6/4 with increasing atomic number.

(c) Al3+.—The maximum difference is somewhat larger
(7%). This can be accounted for by the fact that in the
electron distribution for Al%* used by Berghuis et al.,
exchange has been neglected. (Compare for instance the
old James—Brindley values for Na (Hartree) in Interna-
tionale Tabellen (1935) and the revised ones (Hartree—
Fock) of Berghuis et al.)

(d) P and 8.—No data are given by Berghuis et al.
The differences between our values and the self-con-
sistent-field results for Na to Si%t on the one hand and for
CI- to Ca?* on the other, suggest that for P and S the
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differences would be small for lower sin §/4 and less than
49, for higher sin 6/A.
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Wir haben Strukturverinderungen, die durch die Sub-
stitution des Sauerstoffs durch ein Schwefelatom verur-
sacht werden, bei den Verbindungen vom Typ

(OC,H,NO,),P-SR, (OC.H,NO,),P-OR
l Il
o} o)
(OCH,NO,),P-OR (R = CH,, C,H,)
|
S

untersucht. Bei diesen Verbindungen ist auch ihre biolo-
gische Wirkung bekannt. Die vorldufigen Resultate sind
in Tabelle 1 zusammengestellt. Aus Drehaufnahmen
(Kalibration mit Al, CuK« = 1538,7 A) und Prézessions-
aufnahmen wurden die Gitterkonstanten ermittelt. Die

und

Untersuchung der systematischen Ausléschungen wurde
auf Prézessions- und Weissenbergaufnahmen bei Re-
flexionen vom Typ hkO, R0l und Okl durchgefiihrt. Dic
Messwerte fiir die Dichte gexp, wurden mit Hilfe der
Schwebemethode erhalten. Die nadelférmigen O-aethyl-
und S-aethyl-0,0-di-(p-nitrophenyl)-Phosphate existie-
ren nur in der Form von Zwillingskristallen. Die Zwil-
lingsfléache ist (100).

Aus der Tabelle 1 ist der Einfluss der Substitution des
Sauerstoffs durch eine Schwefelatom ersichtlich. Wenn
diese Substitution in der Aethoxy-Gruppe eintritt, 4ndert
sich die Symmetrie der Struktur nicht, und die Gitter-
konstanten &dndern sich nur sehr wenig. Die Substitution
des am Phosphoratom liegenden Sauerstoffatoms durch
ein Schwefelatom jedoch, sowie auch die Substitution in



