
Protactinium Fluorides, 
the New Class, MPaF6 

Abstract. Complex fluorides of pro- 
tactinium having a Pa/M ratio of one 
(where M = K, Rb, or NH,) have been 
prepared from concentrated solutions of 
HF. These MPaF6 compounds are iso- 
structural with the corresponding com- 
pounds of pentavalent uranium but not 
with the tantalum analogs. The size of 
protactinium (V) is but slightly larger 
than that of uranium (V). 

We report here the synthesis and 
characterization of three representa- 
tives of a new class of double salts of 
protactinium. The compounds are of 
the type MPaF6 (where M is rubidium, 
potassium, or ammonium). This is the 
first evidence for the existence of the 
PaFv,- ion in the solid state. These salts 
are isostructural with the MUF3 com- 
plex fluorides of pentavalent uranium 
reported by us (1) but do not have the 
same structure as the corresponding 
tantalum compounds (2). Heretofore, 
only one complex fluoride of Pa(V) had 
been prepared, the dipotassium protac- 
tinium (V) heptafluoride, K2PaF7, used 
by A. V. Grosse (3) in atomic weight 

Table 1. X-ray powder-diffraction data 
for MPaF,; and MUF( compounds. Abbrevi- 
ations: d, interplanar spacing (angstroms); 
1, intensity; VS, S, M, and W represent very 
strong, strong, medium, and weak; Br rep- 
resents broad. 
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determination some 30 years ago and 
recently reexamined (4). 

The MPaFo compounds were crys- 
tallized from concentrated solutions 
of HF. The starting material was 
Pa20 which was ignited at 900?C to 
constant weight. A weighed amount 
(10 to 20 mg) of the oxide dissolved 
completely in an excess of concentrated, 
48 percent HF in a platinum evaporat- 
ing dish. To this solution was added a 
stoichiometric amount of either rubid- 
ium, potassium, or ammonium fluoride. 
Upon slow evaporation, relatively large, 
colorless crystals precipitated from the 
mother liquor. Further evaporation to 
dryness gave little or no additional 
residue. The dried crystals were 
scraped from the platinum; a small por- 
tion was reserved for single crystal anal- 
ysis (5) and the remainder was finely 
ground to a powder for x-ray diffrac- 
tion studies. 

Some of the results of the x-ray dif- 
fraction studies are summarized in 
Table 1. A comparison of the charac- 
teristic lines shows clearly that the 
rubidium, potassium, and ammonium 
protactinium salts are isostructural with 
the corresponding MUF6 salts and that 
Pa(V) is just slightly larger than U(V). 

In our previous studies of uranium, 
the compounds were prepared both 
from HF solution and by the direct 
anhydrous reaction, UF5 + MF = 
MUF6. X-ray and chemical analyses of 
large samples showed that both methods 
gave anhydrous compounds of the type 
MUF6. The fact that for the prepara- 
tion of the new protactinium com- 
pounds a mole ratio M/Pa of one was 
used, plus the fact that the compounds 
are isostructural with the analogous 
U(V) compounds is taken as sufficient 
evidence that the formula of these 
double salts of protactinium is, indeed, 
MPaFo. 
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Particle Accretion Rates: 

Variation with Latitude 

Abstract. Reported accretion rates 
for cosmic spherules ranging in diam- 
eter from 1 to 400 lt appear to increase 
with increasing latitude. The apparent 
variation is most closely related to 
geomagnetic latitude. Preliminary cal- 
culations suggest that electromagnetic 
interactions could cause only charged 
particles less than about 10-2 l in diam- 
eter to impinge preferentially at high 
latitudes. 

Microscopic particles similar to those 
described by Murray (1) and presumed 
to be of cosmic origin have been col- 
lected at several places on or near the 
earth's surface. Estimates of the rate 
of accretion of particles by the earth 
(Table 1) were an important result of 
these investigations. The observed vari- 
ation in estimated accretion rates has 
been attributed to differences in sam- 
pling methods, and might be thought to 
be entirely random. Consequently, most 
workers have assumed that particles are 
deposited on the earth at a uniform, 
but as yet imperfectly known rate. It 
was unexpected, therefore, that data 
compiled during a recent literature sur- 
vey (2) suggested that accretion rates 
for metallic spherules increase with in- 
creasing latitude of the collecting site. 

Criteria for selecting the accretion 
rates shown in Table 1 were as follows. 
(i) The estimate was derived from a 
surface-based collection. (ii) The esti- 
mate represents sampling sites located 
within a narrow latitude range. (iii) 
The particle sample was not contami- 
nated by material of terrestrial origin. 
The last point requires further com- 
ment. It was the judgment of each in- 
vestigator that because his particles ap- 
peared similar to meteoritic materials 
and because sources of terrestrial con- 
tamination were, in most cases, absent 
from the vicinity of sampling sites, an 
extraterrestrial origin for the particles 
was likely. In our opinion, most of the 
accretion rate estimates satisfy these 
criteria. However, the estimates greater 
than 106 metric tons per year are ap- 
parent exceptions which may reflect the 
influence of terrestrial contamination. 
These values (3, 4) were not included 
in our calculations because they were 
derived from collections made in ur- 
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listed in Table 1 were considered to 
have been obtained from essentially un- 
contaminated collections and were as- 
sumed to be representative of the mean 
annual rate of accretion for metallic 
spherules at the collecting sites. 

Particles of the same general size 
range (5 to about 200 ,u, with a few 
particles up to 400 I, in diameter) were 
examined in all but three collections 
(5-7), in which the more limited size 
range from 3 to 35/p was considered. 
(Table 1). Accretion rates for the stud- 
ies in the limited size range would be 
greater if larger particles were en- 
countered, but the increase would prob- 
ably not be appreciable as most mass is 
contributed by the large numbers of 
small particles. 

The integrated, mean annual accre- 
tion rate for metallic spherules is about 
7 x 104 metric tons. This suggests that 
metallic spherules represent about 10 
percent of the total particle influx (8), 
a proportion consistent with the abun- 
dances of macroscopic metallic mete- 
orites (9) and which may have signifi- 
cance with respect to particle origin. 

The variation of estimated accretion 
rates with geographic latitude is shown 
in Fig. 1A. Generally, accretion rates 
are greater for sampling sites located 
at higher latitudes. The scatter evident 
in Fig. IA may be reduced by plotting 
the rates as a function of geomagnetic 
latitude (Fig. 1B). Accordingly, we ex- 
amined the interaction between a 
charged particle and the earth's geo- 
magnetic field in an attempt to provide 
a theoretical basis for the latitude vari- 
ation. The hypothesis that microscopic 
extraterrestrial particles carry an elec- 
tric charge, and therefore would be 
affected by the earth's magnetic field, 
was discussed by Singer (10), who con- 
sidered the net charge on a particle to 
be the result of photoionization and ac- 
cretion of electrons from the interplan- 
etary gas. 

We assumed in our calculations 
that particles acquire their net charge 
through minimization of potential 
energy (11); this implies that elec- 
tron accretion is the more important 
charging process. Stormer's theory (12) 
shows that a charged, microscopic par- 
ticle could impinge upon the earth 
preferentially at high latitudes provided 
its magnetic rigidity, Hp (13) is C 3.2 
X 107 g cm sece1 emu-1. On the assump- 
tion that the particle velocity with re- 
spect to the earth is 3 X 106 cm sec-', 
Hp was computed for metallic spherules 
28 AUGUST 1964 

Table 1. Estimates of annual deposit of metallic spherules upon the earth's surface. 

Diameter Geo- Geomag- Accretion rate, Refer- 
range Source graphic netic 
(/0) latitude latitude (metrc ton yr-) ence 

10-230 Pacific sediments 7?S 10?S 1.25 x 102 (17) 
10-230 * 1.7 X 102 (18) 
30-250 Pacific sediments 15?N 20?N 2.4 X 103 to 5 X 103 (19) 
30-250 Mediterranean 

sediments 34?N 34?N 3.3 X 103 (20) 
t Air 55?N 50?N 1.6 X 104 (21) 

3-30 Air 34?N 44?N 3 x 104 to 3 X 105 (5) 
10-384 Air 52?N 55?N 3 X 104 (22) 
5-35 Sediments 44?N 45?N 3 x 104 to 1.5 X 105 (6) 
5-60t Air 44?N 44ON >l15/; 5 X 104 (23) 

total 1.6 X 105 
1-120 Air 35?N 40?N 4 X 104to 1.3 X 105 (24) 

10-170 Antarctic snow 74?S 64?S 4 x 104 (25) 
2.4 x 10s 
1.2 x 105 av. 

20-180 Antarctic snow 82?S 75?S 1.84 x 105 (26) 
>3 Air 38?-48?N 50?N 2 x 105 (27) 

3-15 Air 34?N 45?N 5 X 105 (7) 
65?N 65?N 
75?N 83?N 

5-160 Greenland snow 82?N 87?N 9.1 x 105 (28) 
t Air 40?N 35?N 3.1 X 106 (3) 
t Air 45?N 50?N 2.4 X 109 (4) 

* Re-evaluation of data of Laevastu and Mellis with particle density of 7 g cm-3. t Not reported. 
$ Total size range. 
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Fig. 1. Annual particle accretion rate for metallic spherules as a function of geographic 
latitude (A) and geomagnetic latitude (B). The standard deviation of the slope is sub- 
stantially less when geomagnetic coordinates are employed. 
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of different sizes (Table 2). These cal- 
culations suggest that only particles on 
the order of the smallest found to date, 
10-2 /, (14), could interact with the geo- 
magnetic field to produce a latitude de- 
pendent accretion rate. 

If particles greater than 10-2 ,u in di- 
ameter are to impinge upon the earth 
preferentially at high latitudes through 
such an interaction, either the particle 
charge must be greater than we have 
considered, the velocity less, or both. 
For purposes of illustration, let us con- 
sider a metallic spherule 60 ju in diam- 
eter. If the ultimate tensile strength is 
assumed to be the only factor which 
limits particle charge, the maximum 
charge for such a spherule is three or- 
ders of magnitude greater than that 
acquired through minimization of po- 
tential energy. It is doubtful, however, 
that such a high charge could be re- 
tained. If particle velocity were 5 103 
cm sec-1, such a highly charged spherule 
could be preferentially deposited at a 
high latitude. Recent indications are 
that small particles move approximately 
at escape velocity (15), and that slight- 
ly lower velocities may characterize par- 
ticles in orbit about the earth (16). 
However, present knowledge of the 
processes by which particles are charged 
in space and of their velocities suggests 
that the conditions of this illustration 
are unlikely to be fulfilled. We con- 
clude from these elementary calcula- 
tions that a simple electromagnetic 
interaction does not contribute appreci- 
ably to the latitude variation in accre- 
tion rates as suggested by the data. 

In an attempt to explain the apparent 
variation of particle accretion rates 
with latitude, it would be useful to con- 
duct new particle collections at a series 
of surface-based stations along a line 
of longitude. As the proposed meridian 
should be determined by the availability 
of observation sites in contamination- 
free areas, we recommend consideration 
of that part of the Pacific Ocean be- 
tween 150?W and 160?E. There, a 
sufficient number of islands could be 

Table 2. Magnetic rigidity of metallic spher- 
ules. 

Particle Magnetic 
diameter rigidity, HP 

(,z) (g cm sec-1 emu-1) 
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occupied, which, together with drift 
stations in the Arctic and bases in the 
Antarctic, could form an adequate net- 
work for further observing the latitudi- 
nal dependence of particle accretion. 
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Center, University of Wisconsin, 
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disorder of energy conservation. Un- 
fortunately for this hypothesis, the un- 

coupling of oxidative phosphorylation 
in liver mitochondria from vitamin K- 
deficient or dicumarol-treated rats and 
chicks has not been generally con- 
firmed (4). Attempts to demonstrate 
the presence of vitamin K in the pro- 
thrombin molecule or effects of vita- 
min K upon clotting in vitro have 
likewise failed. 

Since administering vitamin K to 
deficient animals or birds results in the 

prompt (2 to 6 hours) synthesis and 
secretion of prothrombin by the liver, 
vitamin K might directly influence the 
formation of the messenger RNA re- 

quired as a template for prothrombin 
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Vitamin K Induced Prothrombin Formation: 

Antagonism by Actinomycin D 

Abstract. Actinomycin D inhibits vitamin K induced formation of prothrombin 
in chicks deficient in vitamin K. The administration of actinomycin in doses which 
inhibit prothrombin formation also inhibits synthesis in the liver of RNA from 
adenosine triphosphate as detected with adenine-8-C4. The results are consistent 
with a genetic action of vitamin K in inducing RNA formation for the synthesis 

of clotting proteins. 
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