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It has been known since the early work with
thorium metal that it will dissolve readily on
treatment with HCI, but that a voluminous black
residue is left. In a recent paper? ome of us
showed that decomposition of the residue in HCI
containing small amounts of fluoride or fluorosili-
cate gave 1 mole of hydrogen gas per g.-atom of
Thé+ produced in the solution. The analytical
data were consistent with a composition ThO,
with an apparent oxidation state of 2 for the
thorium, but there was no obvious explanation for
the apparent strong retention of water and HCl by
the solid (2 atoms of hydrogen per thorium).

Some time later, we became aware of a paper by
Karabash* on the same topic. From the tendency
of the residue material to oxidize explosively,?
Karabash assumed it to be hydridic; elemental
analyses and gas evolution data led him to the
formulation HTh(OH)O. Although the evidence
on which he postulates formation of a complex
hydride of thorium(IV) is not convincing,® there is
ample precedent® for the formation of metallic
hydrides by the reaction of metals with strong
acids. Purthermore, Karabash’s formulation is
consistent with the results presented in our earlier
paper.! The catalytic evolution of hydrogen?
could be explained by the displacement of hydride
anion from Th(IV) by fluoride or fluorosilicate

anion; combination of the hydride ion with a pro-

ton in the acid solution would yield a molecule of
H,, in 1:1 ratio to the Th(IV) liberated. In addi-
tion, an explanation would be ready-made for the
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action of permanganate (¢.g., in 4 N sulfuric acid), used to *‘prove”
the hydridic nature of the uranium residue, and hence by inference,
that of the thorium residue, has been shown by us to be faulty
evidence: copious amounts of gas (oxygen!) are evolved even in the
total absence of one of the residues.

(6) E.g., G. Brauer and H, Muller, J. Inorg. Nucl. Chem., 1T,
102 (1961).

Notes 963

difficulty in removing hydrogenous material ex-
cess to the formula ThO.

We now have performed an experiment which
demonstrates unequivocally that the thorium
residue contains hydridic hydrogen.

A sample of thorium metal was treated with
DCI-D:O. The black residue was washed re-
peatedly with HCI-H:O to remove hydroxylic or
other readily exchangeable deuterium. The
resultant solid, upon decomposition in HCl with
catalytic fluorosilicic acid, yielded hydrogen gas
containing 87% HD, 129, H,, and 19, D,
Hydrogen formed by reaction of solvent protons
would contain only H;. Hydrogen produced by
the thermal decomposition of the residue would
be an approximately statistical mixture of the
hydrogen isotopic species H,, HD, and D,, cor-
responding to its deuterium content. The very
high HD content of the gas actually evolved on
dissolution of the residue, together with the very
low D, content, can be explained if it is formed by
combination of a deuteride ion from the residue
with a proton from the reacting solution. The
rate of exchange of the deuteride with protons in
acid solution must be very low. This is consistent
with our earlier observations on the insensitivity
of the neutron diffraction pattern of the residue
prepared in ordinary HCl to washing with DCl-
D;0. Consideration of the implications of this
observation led to design of the experiment de-
scribed above,

Taken together with our earlier analytical data,?
therefore, the residue is a compound of Th(IV)
which may be formulated ThO(X)H. The group
X is largely hydroxyl (corresponding to Kara-
bash’s formulation) but also may be chloride.

Our earlier experiments with the corresponding
uranium residue® showed that at the end of the
catalytic solution process all the uranium was pres-
ent as U(IV), but that not more than 1 and most
often about 0.65 mole of hydrogen was evolved
per mole of U(IV) dissolved. This gave an ap-
parent oxidation state generally greater than 2.
In terms of the hydride formulation, these ob-
servations would correspond to U(IV) in the form
UO(X)H, but with variable proportions of the
hydride anion displaced by hydroxyl or chloride.
The data cannot be reconciled with Karabash’s
hypothesis of a hydride derivative of U(III).

The black thorium residue is turned yellow by
the action of air, particularly in ammoniacal en-
vironment,? by hydrogen peroxide,?® nitric acid,?
the elemental halogens (Cly, Br,, Ip), and by Ce¢+
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oxidizing agent. Permanganate also yellows the
residue, but the color beconies obscured by de-
position of (probably) MnQ,. Even with boiling,
Ce*t evolves no gas from the residue. The yellow
material formed with nitric acid oxidation was
found to retain no nitrogen. Karabash* also
found yellowing with hydrogen peroxide, and on
the basis of this reaction postulated that the yel-
low form corresponds to the species

H——T|}|1—O—O—’1!‘lh—H

To form this peroxide by oxidation from HTh(O)-
OH requires one equivalent of oxidizing agent per
thorium. With the stable oxidizing agent Ce*™,
reaction at room temperature or with slight warm-
ing produced yellow residue with the consumption
of only 10-20%, of the expected amount of oxi-
dant. More cerium could be consumed by pro-
longed boiling, but this further consumption might
be due to residual chloride, etc. Only small
volumes of permanent gas (in many cases, none)
could be evolved under these conditions, in con-
trast with the claims of Karabash for permangan-
ate oxidation. As noted above, permanganate in
our hands could give the yellowing reaction. It
may be that the yellowing reaction is limited pri-
marily to surface layers, but the nature of the
reaction and its product must still be classed as
uncertain,

Experimental

One g. of cast thorium metal was dissolved in 5 N DClL.
The mixture was heated under reflux to complete reaction.
After cooling, the residue was separated by centrifugation.
This residue then was washed four times with 2 N HCI,
separating each wash liquid by centrifugation.

The washed residue was transferred to a two-neck flask.
To one neck was attached a bent-necked flask containing 6
N HC1 with the usual catalytic amounts of fluorosilicic
acid. The second neck of the reaction vessel was attached
to a vacuum line. The solution was frozen down and de-
gassed, and the stopcock to the vacuum line was closed.
The solution was added to the thorium residue by rotating
the flask about its joint, and the mixture was heated until
reaction was complete and the residue dissolved. The
gas was transferred to a gas sample tube by means of a
Toepler pump, and analyzed mass spectrometrically.
(The instrument used was a Consolidated Engineering
Corp. Model 21-620. We thank C. E. Plucinski for the
analysis.) The gas contained only hydrogen, the isotopic
composition of which was HD, 87%; H: 129,; and D,
19,.
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The cation [C;HzFe(CO):]t, a member of the
isoelectronic series which includes the species
CsHsMn(CO);,! [CeHsCr(CO);]—,% and [CsHV-
(CO);]72,% was unknown until recently when two
syntheses of this cation were reported. One
method was based on the reaction of a cyclopenta-
dienyliron dicarbonyl halide with carbon mon-
oxide in an inert solvent in the presence of an
aluminum halide as a catalyst.* The other
method was based on the reaction of a cyclopenta-
dienyliron dicarbonyl halide with carbon mon-
oxide in acetone solution’ in the presence of
sodium tetraphenylborate. A substituted cyclo-
pentadienyliron tricarbonyl cation also has been
prepared by the protonation of fulveneiron tri-
carbonyl derivatives.®

This note describes a new method for the syn-
thesis of the hexafluorophosphate of this cation
involving the carbonylation of cyclopentadienyl-
iron dicarbonyl iodide in the presence of a mixture
of aqueous 659, hexafluorophosphoric acid and
propionic anhydride. This method has the ad-
vantage that analytically pure [C;HsFe(CO)s]
[PF;] may be isolated directly from the reaction
mixture and is suited for the convenient prepara-
tion of this salt in quantities of 20 g. and greater.

This hexafluorophosphoric acid-propionic an-
hydride mixture is also of use in the synthesis of
stable salts of other substituted iron tricarbonyl
cations. Treatment of cycloheptatrieneiron tri-
carbonyl and cyclodctatetraeneiron tricarbonyl
with a hexafluorophosphoric acid—propionic an-
hydride mixture at room temperature yields the
stable salts [C:HyFe(CO);][PFs] and [CiHyFe-
(CO);][PFs], respectively. Other salts of these
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