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a t  a potential of -1.4 volts versus the saturated 
calomel electrode, since complete dimerization of 
the radicals would be expected under these condi- 
tions. 

(b) Decrease in hydrogen ion concentration, 
since compounds of the type RHgX are converted 
to RzHg by reducing agents such as sodium stannite 
in alkaline solution, but no RzHg is obtained in acid 
solution, where only free mercury is liberated.Ig 
This is in agreement with the effect of pH on the 
half-wave potential of the second wave already re- 
ferred to (Fig. 2,  Table 111). 

( 3 )  The over-all reduction, ;.e., steps (1) and (a),  
has been effected chemically. Thus phenylmer- 
curic acetate is reduced by sodium amalgam in the 
presence of water with the formation of mercury, 
benzene and sodium acetatcZ0 It has also been 
shown that ethylmercuric chloride is reduced by so- 
dium in liquid ammonia with the formation of so- 
dium amalgam and ethane.21 Furthermore, Sand 
and Singerz2 have demonstrated that the reduction 
of ethanol mercuric iodide and isopropanol mercuric 
iodide by sodium amalgam, or by electrolytically 
generated hydrogen, leads to the production of pure 
ethanol and isopropanol, respectively. This is 
particularly significant since the structure of these 
compounds is analogous to that of the mercurial di- 
uretics discussed in this paper. 

Anodic Wave of Merthio1ate.-This wave must 
be ascribed to the depolarization of the dropping 

(IQ) F C Whitmore, “Organic Compounds of Mercury,” A C S 

(20) I b t d ,  p 175 
(21) C A Kraus and L Kurtz, THIS JOURNAL, 47, 43 (1925). 
(22) J. Sand and F Singer, B e y ,  35, 3172 (1902) 
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mercury electrode by the thiosalicylic acid formed 
as a result of the dissociation of Merthiolate. It is 
probably analogous to the wave described for the 
anodic reaction of cysteine by Kolthoff and Bar- 
n ~ m . ~ ~  The decrease in the relative height of this 
wave at concentrations greater than 5 X lo-‘ M is 
therefore probably due to the formation of a film of 
insoluble mercaptide, as postulated by these au- 
thors in the case of cysteine. Below 5 X lo-* M 
the wave does, however, correspond to a one-elec- 
tron step. This anodic wave, as well as those due 
to other mercaptides of inorganic and organic 
mercury compounds, is at present under investiga- 
tion and will form the subject of a later com- 
munication. 

In conclusion it should be emphasized that the 
polarographic method described in this paper pro- 
vides a simple and rapid means for the determina- 
tion of organic mercury compounds directly and 
specifically, which has not been possible by any 
other method. Preliminary studies have shown 
that the polarographic assay is applicable to the de- 
tection and estimation of mercurial diuretics in bio- 
logical fluids such as urine. 
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The Preparation and Some Properties of Americium Metall 
BY EDGAR F. WESTRUM, J R . , ~ ~  AND LEROY EYRING~~ 

Americium trifluoride prepared by hydrofluorination of the dioxide was reduced to metal on the 40 to 200 microgram scale 
by reduction with barium metal in a high vacuum micro-furnace at 1100’ in various refractory materials. High yields of 
silvery. very malleable and ductile, metal globules were obtained. Reaction with hydrogen to form a hydride and measure- 
ment of hydrogen evolution upon dissolution in acid were further proof of the metallic state. The density was determined 
as 11.7 * 0.3 g. cm.-3. Its low value compared to that of its preceding elementary neighbors is in striking resemblance to 
the behavior of its lanthanide analog, europium. The heat of solution of the metal in 1.5 molar aqueous HCl was deter- 
mined as -160 * 4 kcal. mole-’. 

Seaborg, James and Morgan discovered ameri- 
cium in plutonium irradiated in the nuclear fueled 
react0r.3-~ In a recent note6 it is indicated that 
americium formed by the reaction 

(1) This research was performed under the auspices of the U. S. 
Atomic Energy Commission and was reported in AEC Documents 
MB-IP-96, (July 1946), MB-IP-97 (August 1946), MB-IP-122 (Oct. 
1946). MB-IP-165 (Jan. 19471, MB-IP-170 (Feb. 1947). Presented 
at the 118th National Meeting of the American Chemical Society at 
Chicago, Sept. 5, 1950. 

(2) (a) Department of Chemistry, University of Michigan, A m  
Arbor, Michigan; (b) Department of Chemistry and Chemical Engi- 
neering, State University of Iowa, Iowa City, Iowa. 

(3) G.  T. Seaborg, Chen. Eng. News. 18, 2190 (1946). 
(4) G.  T. Seaborg. ibid. ,  94, 1193 (1946). 
(5) G. T. Seaborg, R. A. James and L. 0. Morgan, National Nuclear 

Energy Series, Plutonium Project Record, Vol. 14B. The Transuranium 
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B 
Pu2J*(n,r)Pu*ro(n,y)Pu*‘l --f Am241 

may be produced in milligram amounts by intense 
radiation of large quantities of plutonium. The 
isolation of americium in a relatively pure state 
was first achieved by Cunningham who obtained 
a few micrograms of 9970 pure material.’ The 
solution chemistry has been studied by Cunning- 
ham and others, and the work of Fried8 at the 
Argonne National Laboratory has indicated marked 
formal analogies of. the simple crystalline com- 
pounds to those of the rare earths as well as iso- 
morphism with some of those of the transuranium 
elements. 

(7) B. B. Cunningham, National Nuclear Energy Series, Volume 
148 ,  The Transuranium Elements; Research Papers (McGraw -Hill 
Book Company. Inc., New York. 1949): Paper 19.2. 

(8 )  S. Fried, TFIIS JOUKX.+L,  73, 416 (1951). 
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The production of americium metal and the 
investigation of certain of its properties are of 
special interest because, in terms of the hypothesis 
that the s e v e n t ~  period elements form a 5f series 
of the actinide type, americium occupies an anal- 
ogous position to that of europium which is a 
metal of abnormally low density compared to its 
lanthanide neighbors. A striking resemblance 
would thus exist between the two analogs if, as is 
indeed the situation, americium also has a markedly 
lower density than do its preceding neighbors in the 
series. It will be of interest to learn whether the 
transamericium elements possess relatively high 
densities like the preamericium actinides or densi- 
ties more comparable to that of americium as a 
result of the expected tendency of transplutonium 
elements to bear a greater resemblance to typical 
lanthanides. 

Purity of the Americium Stock.-Highly purified aqueous 
nitrate stock solutions of americium (Am"') were made avail- 
able for this investigation by B. B. Cunningham. Aliquots 
of these solutions were spectrochemically analyzed for cations 
either by J. G. Conway or by the Argonne National Labora- 
tory and generally no amounts of cations were found above 
the limits of detection. In other batches of stock, lan- 
thanum concentrations of several tenths of a per cent. were 
detected. 

Preparation of Americium Trifluoride.-Americium hy- 
droxide was precipitated from the nitrate stock by gradually 
neutralizing the acid stock with anhydrous ammonia. The 
precipitate was centrifuged, slurried into a small platinum 
dish, transferred to  a platinum hydrofluorination apparatus 
(Fig. l ) ,  dried in a stream of oxygen and slowly heated 
to  an ignition temperature of about 650' thereby converting 
most of the hydroxide to crystalline dioxideus After allow- 
ing the reactor to  cool, anhydrous hydrogen fluoride was 
allowed to  flow over the dioxide and the reactor temperature 
was gradually elevated to  650'. The small concentration 
of hydrogen present in commercial hydrogen fluoride served 
as the reducing agent. After an hour's hydrofluorination 
the reactor was cooled to loo', evacuated and refilled with 
hydrogen. 

The apparatus consists essentially of a platinum reactor 
(D)  the flanges of which are clamped vacuum-tight by the 
stainless steel blocks (C). The substance to be converted 
is placed in the platinum vessel (E). Flow metering de- 
vices for oxygen and hydrogen, hydrogen fluoride and 
vacuum connections, and an aneroid pressure gage are con- 
nected to  a manifold a t  (F). The platinum spheres (A) 
contain filter disks of sintered platinum to prevent the 
intrusion of solids into the reactor and to  prevent the cata- 
strophic loss of radioactive solid. A furnace (G) of ni- 
chrome wire wound on a quartz tube and insulated with 
magnesia was employed. The plastic bubbler (H), filled 
with a fluorocarbon oil, gave an indication of the exhaust 
gas rate. Ordinary brass needle valves (B) in which the 
packing had been replaced with teilon turnings were used. 

The faintly pink product was established by X-ray dif- 
fraction to  be americium trifluoride similar to that pre- 
viously prepared by Frieda and identified by Zachariasen .9 

Preparation of the Metal .-The vacuum microfurnace 
apparatus employed for metal production has been modified 
from that used in the preparation of plutoniuml0jl1 and nep- 
tunium12 by elimination of the radiation shield and the use of 
a water-jacketed bulb to  provide superior pre-run outgassing 
characteristics and less tendency toward outgassing during 
the actual firing. 

Because only a limited quantity of americium was avail- 
able for this purpose a number of experiments were made 
using silver metal as a stand-in to  determine the loss by 
volatilization from the crucible system. 

(9) W. H. Zachariasen, Manhattan Project Document, CP-3521 

(10) E. F. Westrum, Jr., Manhattan Project Document, CK-1586, 

(11) E. F. Westrum, Jr., Manhattan Project Document, CN-2496, 

(12) S Fried and N R Davidson, THIS JOURNAL, 70, 3543 (1948). 

May, 1946 p. 3. 

May, 1944, p. 20. 

J a n ,  1945, p. 12. 

Fig. 1 .-Platinum hydrofluorination apparatus. 

After a thorough degassing and vitrification of the beryllia 
crucible system a t  about 1700' and a pressure of mm. 
the inner crucible was loaded with a cylindrical sample of 
americium trifluoride pelleted to 0.5 mm. diam. in a pol- 
ished, hardened steel die. A several fold excess of high 
purity barium metal was added above the Be0 plate and the 
crucible system capped. Upon insertion of the furnace into 
the bulb and evacuation to  mm., the reduction was 
made a t  a maximum temperature of 1100' for a maximum of 
one and one-half minutes. The first attempted reduction 
(in July, 1946) was successful and about forty micrograms 
of trifluoride gave a single, coherent, almost spherical globule 
in an estimated yield better than 75%." A number of sub- 
sequent reductions were made in successive months on the 
scale of hundreds of micrograms by the same reduction tech- 
nique at 1000-1200'. In an attempt to improve the yield 
somewhat, other reduction experiments were tried in which a 
pressure of about 2.5 cm. of argon was used. After the re- 
action had taken place a t  a furnace temperature of about 
120O0, the furnace was cooled to 950' and the barium allowed 
to distil to  the bulb under vacuum. This type of run was 
less successful in producing a large, coherent yield of metal. 

The Be0 crucibles made from a nitric acid paste of 200 
mesh high 6red beryllia are convenient in that they absorb 
all the slag formed on this scale of reduction leaving a clean 
globule of metal. No evidence of reaction with the beryllia 
was noted on the surface of the globule adjacent to the cru- 
cible a t  the temperature of the vacuum reductions. Other 
crucible materials were also tried. A crucible ground from 
densely sintered beryllia was very successful. A reduction 
in a tantalum crucible gave metal in high yield, but the 
qer ic ium wet and spread uniformly over the tantalum 
crucible. No metal was obtained in reductions in cerium 
sulfide (CeS) crucibles. Lithium was used as a reductant 
with less success in obtaining a coherent yield. 

The luster of the freshly prepared metal is whiter (that is 
more silvery) than that of the metallic state of the preceding 
three elements prepared in the same manner. The metal is 
very malleable and ductile compared to uranium and nep- 
tunium prepared by the same technique on this scale. A 
single flattening in a micro staking tool resulted in an increase 
in cross sectional area of approximately 20-fold without pro- 
nounced fracturing of the edge. Although normally han- 
dled in the anhydrous nitrogen atmosphere of the dry box, to 
avoid the corrosive action of laboratory air, the metal is 
stable in dry air a t  room temperature and tarnishes quite 
slowly. 

In order to establish the preparation of the metal a 50 
microgram piece of metal was dissolved in dilute HCI and 
the hydrogen evolution measured.l4 The dissolution was 
very rapid and complete and yielded 1.5 moles of hydrogen 
per mole of americium within the experimental accuracy 
(&lo%). Spectrochemical analyses indicated lack of con- 
tamination of the metal by barium or beryllium. 

Preparation of Americium Hydride.-A 40-microgram 
globule of americium was subjected to the action of hydrogen 
gas at room temperature in an ingenious device (diagrammed 
in reference 12) developed by H. L. Baumbach for the 
preparation of plutonium hydride on the microgram scale. 

(13) E. F. Westrum, Jr.. Atomic Energy Commission Document, 
MB-IP-96 (July, 1946). 

(14) The apparatus we devised for this purpose is shown in Figure 12 
in a review article by Dr. B .  B. Cunningham, Nucleonics, 77 (Nov. 
1949). 
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No reaction occurred at room temperature and one atmos- 
phere, but upon heating to  50' a rather violent shattering 
of the metal globule yielded a black voluminous powder. 
The volume of hydrogen uptake corresponds to a formula 
of AmH2.7 io%. 

The Density of the Metal.-The density of a number of 
particles of metal produced have been determined by the 
displacement of a meniscus of dibutyl phthalate in a capillary 
in which the sample was immersed. The capillaries were 
calibrated by optical measurement of their diameter and with 
pellets of platinum of known density. The values sum- 
marized in Table I are strikingly lower than the densities 
of Th, U and Yp. 

TABLE I 
DENSITY OF AMERICIUM METAL 

Am globule (mg.1 (9. cm. - 3 )  
Wt. of Am Density 

1 0.200 11.1 
2 .350 11.9 

1 + 2  .557 10.0 
3 ,210 12.1 
4 .270 12.0 

The first four determinations were made with the assist- 
ance of W. J. Blaedel, and number five with the help of J. 
C. Wallman. The two pieces used in determination three 
are those of the preceding determinations compressed in a 
hydraulic press. No visible exterior cracks or voids were ob- 
served under 6OX magnification. The high gamma ray 
background prevented confirmation of the density values by 
X-ray diffraction analysis. 

Attempts to Determine the Melting Point.-A number of 
attempts were made to determine the melting point of 
americium in the micro-melting point apparatus already de- 
scribed.16 Instead of the sharp convergence of the jaws 
noted for Zn, Mg and Np, only a gradual convergence was 
observed beginning at about 850'. Convergence did not 
become complete even at  1200' and on attempting to re- 
move the globule it was found to be so firmly attached to  the 
tungsten that the pellet was torn asunder on forcibly sepa- 
rating the jaws. Examination of the americium adhering 
to the tungsten failed to reveal any oxide or high melting 
inclusions. 

The Heat of Solution of Americium Metal.-Two heat of 
solution measurements of americium metal were made on 
globules of americium dissolved in 1.50 molar hydrochloric 
acid previously saturated with hydrogen. These deter- 
minations were made in a calorimeter specially designed and 
constructed for this purpose.16 The data obtained are pre- 
sented in Table 11. The rather large uncertainties indicated 

(15) E. F. Westrum, Jr., and  L. Eyring, THIS JOURNAL, 73, 3399 
(1951). 

(16) E.  F. Westrum. Jr , ,  and I.. Eyring, to  be described. 

for run (1) are occasioned by weighing difficulties and also 
by the fracture of the fragile quartz calorimeter stirring 
shaft during the run. The heat of solution has been cor- 
rected for the water vaporized by the escape of the hydrogen. 

TABLE I1 

MOLAR HCl AT 25' 
HEAT O F  SOLUTION OF AMERICIUM METAL I N  8.81 G .  OF 1.50 

Run number 1 2 
Americium (micromoles) 1.48  2 .28  
Heat evolved (cal.) 0.248 0.357 
Heat of solution (kcal.) -167 * 11 -159 * 4 

Spectrochemical analyses of the calorimeter solutions in- 
dicated the presence of less than 0.1% of cerium and lan- 
thanum in the metal. Neither barium nor beryllia was de- 
tected. 

The weighted mean of these values ( -160 i 4 kcal.) 
corresponds to  the reaction 

Am + 3H+(,,.) = Am3+(.,.) + 1.5Hz(,) 
'n 1.5 molar aqueous hydrochloric acid. The same value 
obtains for 1 molar aqueous hydrochloric acid. Corre- 
sponding values for the heats of formation of -123.6 kcal. 
for U3+,17 -127.3 kcal. for Np*+, l6 and -141.9 kcal. for 
Pu3+,I7 in 1 molar HCl a t  25' indicate a value in line with 
expectation. The heat of formation of crystalline AmC13 is 
estimated to be -248 kcal. per mole from the rough correla- 
tion of heats of solution of trivalent chlorides of the same 
crystal18 structure with the ionic radii and comparison with 
the heat of solution of PuCIz.IQ 
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