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[57] ABSTRACT 
Lanthanide and actinide beta-diketonate complex mo-
lecular compounds are produced by reacting a beta-
diketone compound with a lanthanide or actinide ele-
ment in the elemental metallic state in a mixture of 
carbon tetrachloride and methanol. 

10 Claims, No Drawings 
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NONAQUEOUS METHOD FOR DISSOLVING 
LANTHANIDE AND ACTINIDE METALS 

BACKGROUND OF INVENTION 
The invention relates to a nonaqueous method for 

dissolving lanthanide and actinide metals and produc-
ing lanthanide and actinide beta (yS)-diketonate com-
plex molecular compounds respectively. 

Methods for separating and recovering lanthanide or 
actinide materials from mixtures of other materials are 
constantly being sought. As an example, it is desirable 
to separate plutonium from other materials and there-
after recover the plutonium, such as in recovering plu-
tonium in the casting process of plutonium in tantalum 
crucibles, or from metal machining operations. 

Nonaqueous methods for making lanthanide or acti-
nide /3-diketonate complex molecular compounds are 
also desirable wherever the product is used in isotopic 
separations by way of volatile methods, chemical vapor 
deposition processes, and other like processes. 

Thus a method for reacting and recovering lantha-
nide and actinide materials from a mixture of materials 
would find ready application in industrial manufactur-
ing and recovery processes where these mixtures may 
be found. 

S U M M A R Y O F I N V E N T I O N 

In view of the above, it is an object of this invention 
to provide an improved method for recovering lantha-
nide and actinide elements from mixtures of materials 
wherein the lanthanide or actinide metal is reacted with 
a suitable /3-diketone compound in a carbon tetrachlo-
ride (CC14) and anhydrous methanol (CH3OH) mixture 
to form a lanthanide or an actinide /3-diketonate com-
plex molecular compound. 

It is a further object of this invention to provide a 
novel method using organic materials for rapidly dis-
solving lanthanide and actinide metals. 

It is a further object of this invention to provide a 
novel method for forming nonhydrated lanthanide or 
actinide /3-diketonate complex molecular compound:,. 

It is a further object of this invention to provide a 
novel method using organic materials for forming plu-
tonium (IV) /3-diketonate complex molecular com-
pounds in a one step process. 

It is a further object of this invention to provide a 
novel method for forming tris(2,4-pentanedionato)-
plutonium (IV) chloride. 

It is a further object of this invention to provide a 
novel method for forming nonhydrated tris(2,4-pen-
tanedionato)samarium (III). 

It is a further object of this invention to provide a 
novel method for forming te t rakis( l , l , l ,2 ,2 ,3 ,3-
heptafluoro-7,7-dimethyl-4,6-octanedionato)-uranium 
(IV). 

Various other objects and advantages will appear 
from the following description of this invention and the 
most novel features will be particularly pointed out 
hereinafter in connection with the appended claims. It 
will be understood that various changes in the details, 
materials and steps of the process, which are herein de-
scribed and illustrated in order to explain the nature of 
the invention, may be effected by those skilled in the 
art without departing from the scope of this invention. 

The invention comprises, in brief, contacting a lan-
thanide or actinide metal in the elemental state with a 
suitable /3-diketone compound (i.e., a compound con-
taining beta-carbonyl groups with at least one proton 

on the carbon separating the carbonyl groups, thus al-
lowing a keto ^ enol tautomerism to occur, and, under 
appropriate conditions, the enolic proton may be re-
moved) having the formula R'C( :0)CH2C( : 0 ) R " 

5 where R ' and R " are alkyl, fluorinated alkyl, aromatic 
and/or heterocyclic groups, in a mixture of CC14 and 
CH3OH to dissolve the metal and form a lanthanide or 
actinide /3-diketonate complex molecular compound. 
Reaction may be aided by heating to from about 20°C 

10 to about 51 °C. 

DETAILED DESCRIPTION 

The nonaqueous method of making lanthanide or ac-
tinide /3-diketonate or /3-ketoenolate complex molecu-

'5 lar compounds wherein water is not used as a solvent 
is illustrated by equations 1, 2 and 3 in which samarium 
is used as the representative lanthanide and plutonium 
and uranium as representative actinide materials and in 
which 2,4 pentanedione (otherwise referred to as ace-

2 0 tylacetone of HAcAc) and 1,1,1,2,2,3,3-heptafluro-
7,7-dimethyl-4,6-octanedione (otherwise referred to as 
Hfod) are the representative /3-diketone compounds. 
The reactions were conducted at temperatures of from 
about 20°C to about 51°C (the approximate boiling 

2 5 point of the reaction mixture). 
The equations used herein are believed to accurately 

represent the reactions occurring although exact stoi-
chiometric quantities have not been verified. The prod-
ucts have all been verified by mass spectral analysis. 
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In equation I, the first product, tris(2,4-pentane-
dionato)samarium (III) (for convenience referred to 
hereinafter as Sm(AcAc)3) comprises about 100 per-
cent of the reaction products. In equation 2, the first 
product, tetrakis(2,4-pentanedionato)plutonium (IV), 
(for convenience referred to hereinafter as Pu(A-
cAc)4) comprises about 75 percent of the reaction 
product and the product tris(2,4-pentanedionato)-
plutonium (IV)chloride (for convenience referred to 
hereinafter as Pu( ACAC)3C1), is found only in amounts 
such as about 25 percent. In equation 3, tetrakis( 1,1,1,-
2,2,3,3-heptafluoro-7,7-dimethyl-4,6-
octanedionato)uranium (IV) (for convenience re-
ferred to hereinafter as U(fod)4) , comprises about 95 
percent of the reaction product. Hydrogen evolves as 
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a gas in these reactions which may be recovered or cap- Sm(AcAc)3 as verified by melting point analysis 
tured, if such is desired. (100°-105°C), and mass spectral analysis. 

The resulting products may be purified by sublima-
tion; Sm( Ac Ac )3 at a temperature of from about 250°C EXAMPLE II 
to about 300°C, Pu(AcAc)4 at a temperature of from 5 A plutonium metal coupon weighing about 0.5 gram 
about 1 35°C to about 180°C, and U(fod)4 at from is placed in a one to one volume mixture of CC14 and 
about 150°C to about 200°C. The pressure for sublima- CH3OH (5 ml of each) to which 0.8 grams of a /3-dike-
tion may be from about 10"4 to about 10"6 torr. The tone compound, HAcAc has been added. The reaction 
sublimed Sm(AcAc)3 and U(fod)4 may have greater is conducted in an argon atmosphere at less than about 
than about 99 percent purity. The sublimed Pu( Ac Ac )4 10 0.5% oxygen concentration at ambient temperature, 
may have about 75% purity with about 25 percent i.e., about 25°C., and about 600 torr pressure. A reac-
Pu(AcAc)3Cl present. These reactions yielded nonhy- tion is observed in place after about 0.5 minutes with 
drated products since the method of preparation was hydrogen being evolved. The solution turns from a 
nonaqueous. clear color to a red brown color. Analysis of the prod-

An alternate method for purifying the metal /3-dike- 15 u c t s verifies those products shown in equation 2. The 
tonate or /3-ketoenolate products represented in equa- reaction is complete in about one hour, 
tions 1, 2 and 3, using the plutonium products Pu(A-
cAc)4 and Pu(AcAc)3Cl as representative of this EXAMPLE III 
group, may comprise dissolving these products in an A uranium metal coupon weighing about 3.247 
organic solvent such as chloroform, dichloromethane, 20 grams is placed in 40 ml of a one to one volume mixture 
or benzene and removing the insoluble materials by a of CC14 and CH3OH containing 16.11 grams of Hfod. 
suitable separation method such as fdtration. The The reaction is conducted in an argon atmosphere at 
Pu( AcAc)„ and Pu(AcAc)3Cl will remain in the or- less than about 0.5% oxygen concentration at ambient 
ganic solvent, which solvent may thereafter be re- temperature, i.e., about 25°C., and about 600 torr pres-
moved by evaporation, such as at a temperature of 25 sure. The reaction initiates immediately and is com-
from about 20°C to about 80°C, at a pressure of from p i e t e jn about 5 hours. The reaction product atmo-
about 20 to about 760 torr to yield mixed Pu(AcAc)4 sphere is evacuated to about one torr to remove excess 
and Pu(AcAc)3Cl. CC14 and CH3OH. The dark brown-green solid is dis-

It should be understood that other lanthanide and ac- solved in anhydrous CH3OH and allowed to recrystal-
tinide materials as well as other/3-diketone compounds 30 iiz e a t ambient temperature. The yield is about 95% 
perform in a similar manner. For example, uranium and U(fod)4 as verified by melting point analysis 
cerium, when reacted with HAcAc, likewise yields tetr- (145°-149°C) and mass spectral analysis. 
akis(2,4-pentanedionato)uranium (IV) or tetrakis(2,4-
pentanedionato) cerium (IV) product, respectively, as EXAMPLE IV 
shown by equations 4 and 5. These may subsequently 35 One application of this invention is that of separating 
be purified in similar fashion as described above. plutonium from other materials such as the tantalum 
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EXAMPLE I 
One gram of Samarium metal turnings is placed in 

about 2 milliliters (ml) of a jS-diketone compound 
HAcAc and 2 ml of one to one volume mixture of CC14 
and CH3OH is added drop-wise with stirring. The reac-
tion may be conducted in an argon atmosphere at less 
than about 0.5% oxygen concentration at ambient tem-
perature, i.e., about 25°C, and about 600 torr pressure. 
The reaction initiated immediately and is complete in 6 0 

about 10-15 minutes as noted by no further gas evolu-
tion. The reaction product's atmosphere is evacuated 
to about 1 torr to remove excess CC14, CH3OH, and 
HAcAc. The light red-brown solid is dissolved in about 
10 ml anhydrous dichloromethane (CH2Cl2) and puri-
fied by recrystallization. The yield is about 100% 

crucibles in which plutonium metal is cast. The mixture 
of the plutonium and tantalum is contacted with an ex-
cess of a suitable /i-diketone compound such as HAcAc 
in an about 1:1 volume ratio of CCl4/CH3OH to form 
Pu( AcAc)4 and Pu( AcAc)3Cl, which may then be puri-
fied by subliming at a temperature of about 135°C and 
a pressure of about 10 - 4 torr to form a mixture of 
Pu(AcAc)4 and Pu(AcAc)3Cl or, in an alternate 
method, the products of the previous reaction may be 
dissolved in suitable organic solvents such as chloro-
form, dichloromethane, or benzene and the Pu(AcAc)4 
and Pu(AcAc)3Cl which is in solution may be sepa-
rated from insoluble materials by filtration. The solvent 
may then be removed by evaporation at a temperature 
of about 25°C to about 80°C and, if desired, at a re-
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duced pressure to aid evaporation, to form a mixture of 
Pu(AcAc)4 and Pu(AcAc)3Cl. 

Nonhydrated plutonium /3-diketonate complex mo-
lecular compounds as well as other actinide and lantha-
nide /3-diketonate complex molecular compounds 
formed by this process are useful in such processes as 
isotopic separation or enrichment by means of volatile 
techniques, chemical vapor deposition of oxide or me-
tallic films, organic solvent soluble compounds for non-
aqueous, electrochemical and associated processes, 
and the like. For these, anhydrous compounds gener-
ally perform more adequately than hydrated com-
pounds because of increased solubility in organic sol-
vents and improved volatility process properties. 

Other /8-diketone compounds which have been found 
to operate satisfactorily are such as 2-thenoyltrifluor-
oacetone. Although a one to one volume mixture of 
CCI4/CH3OH is used and referred to herein, the ratio 
may be changed from about 0.1 to about 9 parts by vol-
ume of CCL, to 1 part by volume CH3OH. Further, 
other materials which are useable in lieu of CC14 por-
tion are such as bromotrichloromethane, and tri-
chloroacetonitrile. Other materials which are useable 
in lieu of CH3OH are such as ethanol and isopropanol. 

Actinide series elements as discussed herein include 
elements 89 through 103 in the periodic table of the el-
ements. Lanthanide series elements as discussed herein 
include elements 57 through 7 1 in the periodic table of 
the elements as given in Handbook of Chemistry and 
Physics, 54th Edition, 1973, CRC Press, Cleveland, 
Ohio. 

What is claimed is: 
1. A method of dissolving elemental lanthanide and 

actinide metals and forming metal j8-diketonate com-
plex molecular compounds using nonaqueous reactants 
comprising contacting at least one of said metals with 
a /3-diketone compound selected from the group con-
sisting of 2,4-pentandione; 1,1,1,2,2,3,3-heptafluoro-
7,7-dimethyl-4,6-octanedione; and 2-thenoyltrifluor-
oacetone in a mixture of carbon tetrachloride and 
methanol thereby dissolving said at least one of said el-
emental metals to yield a said one of said metals /3-dike-
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tonate complex molecular compound. 
2. The method of claim 1 wherein said metals are se-

lected from the group consisting of samarium, pluto-
nium, cerium and uranium. 

5 3. The method of claim 1 wherein said carbon tetra-
chloride and methanol mixture is at a volume ratio of 
from about 1 to about 9 parts by volume of carbon tet-
rachloride to from about 9 to about 1 parts by volume 
of methanol, respectively. 

10 4. The method of claim 1 wherein said carbon tetra-
chloride and methanol mixture is at an about 1 part by 
volume carbon tetrachloride to about 1 part by volume 
methanol ratio, and said /3-diketone compound is 2,4-
pentanedione. 

1 5 5. The method of claim 4 wherein said at least one of 
said metals is samarium and said compound is tris(2,4-
pentanedionato)samarium (IV). 

6. The method of claim 4 wherein said at least one of 
said metals is plutonium and said compound is largely 

2 0 tetrakis(2,4-pentanedionato)-plutonium (IV). 
7. The method of claim 4 wherein said at least one of 

said metals is uranium and said compound is tetrakis(2-
,4-pentanedionato)uranium (IV). 

2 5 8. The method of claim 4 wherein said at least one of 
said metals is cerium and said compound is tetrakis(2,-
4-pentanedionato)cerium (IV). 

9. The method of claim 1 including the further step 
of purifying said metal /3-diketonate complex molecu-

3q lar compound by heating to a temperature of from 
about 135° to about 200°C at a pressure of from about 
10~4 to about 10~6 torr to sublime and thereby purify 
said metal /3-diketonate complex molecular compound. 

10. The method of claim 1 including the further step 
35 of purifying said metal /3-diketonate complex molecu-

lar compound by dissolving said compound in an or-
ganic solvent selected from the group consisting of 
chloroform, dichloromethane, and benzene, separating 
insoluble material, heating to evaporate and remove 

40 said solvent yielding said purified metal /3-diketonate 
complex molecular compound. 

* * * * * 
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