
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. 

MPaF, compounds MUF, compounds 
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5.69 VS Br 
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3.27 S 
2.84 W 
2.17 M 
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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. 

L. B. ASPREY 
R. A. PENNEMAN 

Los Alamos Scientific Laboratory,* 
University of California, 
Los A lamos, New Mexico 
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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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