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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '
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SUMMARY OF THE RESEARCH PROGRESS MEETING

April 28, 1949
Ho P, Kramer

Thermochemical Properties of Pr and Am Oxideso L. Eyring,

The aqueous oxidétion potential of ’che_Am'ﬂ'3 - Anm t4 couple was determined as
avpart 6f é program of'research'on.the basic chemistry of the lanthanides and actinides.
A knowledge of.this potential is useful in the separation of Am from_Gm and in the
.~estiﬁation of the oxidation states of the heavy elements of atomic number beyond 96, |
The onl& tetravalent compound of Am that is known at present is Am02. A knowledge
of the oxidation potentiai will facilitate the pfedictibn of the stability of other

‘ tetravalent compounds of americium,
Since the lanthahidé rare earths bear a close chemical résemblance to the

aétinides, it is possible to make inferences about an element of the actinide series
by analogy with the corresponding element of the rare eafth series, The lanthanide
metal that corresponas to Am is Pr, Because of the smail quantities available and
the high toxicity of 4m, Pr was used és a stand-in for Am in the expiofatory experiments,
Of praseodymium, the following oxides are knowns Pr2033 Pféqll (of ﬁaguely defined
compositioﬁ that varies with the manner of preparation) and Prozo A

| The-oxidation potential of the M+3 @ M+4 couple.is determined by means of the

two equations:

AF = AH=- T. O s
AF = i
' nf

- where F is the free energy, E is the-oxidation potential, n the number of* moles
invélved, £ is Faraday's constant, and As is the change in entropy in the reaction,

In order to calculate the change in heat content A H in the reaction 4%\1’1_{"3——>‘A1n'M 9
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the change in heat content was calculated for the equlvalent reactlon Am 3+H-<>Am+4+w§H2,

This reactlon is equivalent s1nce the ox;datlon potential of the couple at — & °

is set equal to zero on Latimer®s scale of oxidation potentials, The caleulation

was carried o@t by the following schemes

+ + : :
Mo, + 3H - M 3 4 30, + 3/2H,0 o H

MO, + 4H'— W™ 4 2HO A H,
M+30,— 350 , A H,
sy BT —> a4 3, b H

so that AHZ A Hy - AH = Al

Hi Was measured direetly‘in a micro-calorimeter, The change in temperature
was measured by means of the change of re51starce in a winding about the calorimeter
flask of 50 feet of 40 mil wire, The apparatus is capable of detectlng a change in
temperature of 10 4°U° Zle was estimated on the basis of the heats>of formation of‘
other actinide'tetravalent oxides and tetravaient ions from the metals, and the heat
of formation of water AHB is well kn'_owno»

| Iﬁ was thought that a very close estimate of the change in entropy in the

reaction ﬁould be given by the change in entropy of Pu in the analegous oxidation,.

The values that were arrived at for the oxidation- potentials are =2,6 v. for the

An3 - &m S couple and =3,1 v, for the P'fz - Pr*™ couple,

&n ‘attempt to correlate these results with the thermochemlcal data for Ce failed
because at the acld concentrations that were used, Ce e exists in the hydrolized form

Ce(0H) 3 so that the experiments were not reproduclble for Ce.

4 detailed aecount of the work is contained in "Thermochemical Studies of'Oxides

of Praseodymium and Americium and the Estimation of the PfTB - Pka, AﬁfB - Amth

0x1dat10n Potentials,® UGRL 327, by LeRoy Eyring,
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Synehrotron Injection, . M, Martin

~ Synchrotron Mesons, J, Peterson

A‘slitg equal in width to the injection slit, was cut in the backiéf the -injector

with the result that the output of the machine jumped from 400-500 mro/hro tovaboqt

1700 mr,/hr, Slits of different widths resulted in no improvement of the intensity,

The reason for this improvement in dperétion is at present being investigated theo-

 retically,

Three progressively more discriminating experimental arrangements were tried for
obtaining exposures of meson tracks,

Gecmetry I is shown in Fig, la, A‘staek of plates was placed into thé’Synchrotron

Ax-ray beam at about 26 inches from the targetlat a point where the half width of the

beam is about 1/3 ingho No control over the material in which the mesons are produced
is possible with this arrangement. .The mesons that were observed may have originated
in'the'glass.or the emulsion of the plates, In order to ‘achieve better control over the

target material for meson productiongvgeometryvll of Fig, 1b was tried, Two stacks of

photographic plates were placed two inches apart on opposite sides of the beam in a

‘plane passing through the beam, A sheet of carbon exposed to the flow of x-rays served

for a source of mesons, The angular distribution (Fig, -2) of the mesons'thét were observed
showed however that a large nunber of them must have brig;naﬁed in the plates since it is
clearly impossible for mesons that leave the target at angles greater than or equal to

180° and equal to or less than 0° to'reach the plates, and yet ﬁesons were observed at |
those angles, In order to miﬁimize'the possibility of meson preduction anywhere but in
the target still further, the beam was first collimated by two léad bricks that allowed

a 1 inch éperture for its passage, This geometry is shown in Fig, lec. Carbon wés

chosen for a tractable target because of its low atomic number and consequent low cross

" section for paif production, It was desired to avoid as much as possible the confusion

of mesons with electron tracks,
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‘Geometny III was c¢omparatively successful in reducing thé darkénigg of Fhé‘plates
by electrons, This darkehing is the main factor that limits the léngth of exposure
af the platééo-'It was-possible to subjest the plates in geometry III to 2000 mr., -
whereas geometry IT and I allowed only 500 mr. and 50 mr, \
The meson tracks that were observed can be classed into four categories: stars,
T -t decay tracks, clubs; and virgin tracks. The shaﬁe of each one of ihese types |
is sketched in Fig. 3. Clﬁb is the term that is used for a track that’ends in a tight
little knot that makés it impossible to judge the manner of decay or aeathc Virgin_
denoteé those tracks that end umeventfully, The other two names are self-ezplanatory.
‘ It is éossible without using a magnetic field for positive identificatiqn by

drawing on previous experience to estimate the number of positive and negative T mesons

no., of 7t

— . Experience with mesons has shown that all
no, of T » :

“and to compute the ratie of
- but abouf 25 percent of T mescns make stars in the emulsion, Therefore, the number
of'U"'mesons is approximately equal to 4/3 of the number of stafso It is believed
at present that only'TTrmesbns decay intd /4 mesons, and that each wfrﬁeson gives
‘rise to a s meson, Since thé juncture of parent withAfhe daughter is often not seen,
the probability that a track_thétvmay not be assigned to a T meson is a,TT+equais
the'probabilitj that it is'ar/4, o With geometry I,'37 stars, 9 virgins, 6.club$;
and 3 Txcdecays were observed, A calculationvparried out according to the abéve

reasoning yields therefore

7" 43 x 37 ~

o —

mF T 3 [55-4/3 x 37)

17

The results of measurements with geometries II and III yield the values 8.1 and 7.4
for this ratio, There are a number of feasbns why these numbers should bejregarded
' ‘as no more than indicative of the order of magnitude. The most obvious one is that
the statistics are poor. Another one is that it is Qifficult to diétinguish,the
track of a one prong star and a s decay and that there is considerable uncertainty

regarding the identification of T tracks,
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Geometry III yielded some crude information on the sngular distfiéﬁtiqpo ‘The _
graph of Fig. 4 is based onlj on those tracks that wewve acceptable; Iﬁkéydep to
assure that a meson that was counted was actually produced by the intergétiog Qf_the
Xuray:beam.with the nuclei of the target, it was required of accepﬁablg}tracks that
their extéhsion intersect with the line of the beam in the target. -

- A basic eneré?distributien was cobtained by calculating from the gééﬁetry the
length of the meson path in glass, The preliminary results are sketchéd.in Figo 56
It must be remembered that the curve cannot represent a true total enéﬁéﬁ'distribution
since only those particles are observed that are at angles in the heighbdrhaed of 900,
It is éxpected that if all angles were seen by the plates; the energy éistribuﬁion ‘
would have more nearly the appearanee 1nd1eated by the broken lln@o Thé fhresL@ld‘
for the production of mesons is 180 Mev and the total energy that is avalldbl in

the x-ray beam is about 300 Mev,

Stars in Oxygen and Heliume 'Jo Tracy.

A Stuay has been carried out on a number of stars produced in thé{eloud chamber
by thé exposure éf oxygen, H20 vapor and helium at a pressure of-%-atmosbhere te
90 Mev neutrons, The aim of the analysis was the identification of thetétams whose
disintegration initiated the stars and of the emitted particles Whese tfacks are seen
" as the prongs of the star, 82 stars were examiﬁedo ‘However, eompletevidentificati@n
of only a few was possible, - _

Events that take place in the cloud chamber are recoraed photograbhieally@ The
length of exposure of the film is controlled by the duration of a spafk?thaﬁ is
synchronized with the beam° The photographs are examined in a snereographic viewer
that permits under optimum experimental eondltlons the measurement of the radiug of
curvature of the track, the change of the radlus of curvature9 and the spatial crient-
'ation of the track, When the prong of a star ends in the illuminated reglon of the

cloud chamber, it is also possible te determine its length and thus galn-4nformat10n

2
?
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about the momentum of the particle, The densify of ionization specified_as.lighté
medium,'or heavy and the qualitative appearance of the track were also drawn on>for
help in the identification, R

The principles of‘conServation of charge, energy and momentum were used in the
anélysis, of all particles emitted iﬁ a disintegrétion only those carrying a charge
are capable of ionizing the gas of the cloud chamber, producing tracksgvand therefore,
‘being seen on the photographso. A charge balance was therefore always possible. A
consideration of charge leads to the immediate conclusion that stars with more than
two proﬁgs can oniy be due fo the disintegration of an oxygen étomo The principle -
of conservation of energy could not be used for identification except in the elimin-
ation of alternatives that reqﬁired the 90 lMev! neutrons to come in with an energy
in excess of thevmaximu._mo A momentum balance also could be used only for the elimin-
ation'of alternatives since the possible emission of invisible neutrons had to be
considered.
| It was possiblé however in the case of 7 He stars tq establish én energy balance'
since the range of all the prongs could be measured and'therefore their énergy could
be determined by means of the range energy curves for various charged particléso

The details ﬁf this analysis are set forth in "Star Fragments in Oxygen and

Helium under Bombardment by 90 lev Neutrons,® J, Tracy and Wm, Powell, UCRL 346,

seb/5-20-49

Information Division
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