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SUMMARY OF THE RESEARCH PROGRESS MEETING 
\ 

April 28)) 1949 

Ho Po Kramer 

Thermochemical Properties of PI' and Am Oxides o 10 Eyringo 

The aqueous' oxidation potential of the. Am + 3 .,. Am +-4 couple was determined as 

a part of a program of research on the basic chemistr,y of the lanthanides and actinides. 

A knowledge of this potential is useful in the separation of Am from em and in the 

estimation o+' the oxidation states of the heavy elements of atomic number beyond 96., 

The only tetravalent compound of Am that is known at present is Am020 A knowledge 

of the oxidation potential will facilitate the predicti'on of the stability of other 

tetravalent compounds of americiumo 

Since the lanthanide rare earths bear a close chemical resemblance to the 

actinides" it is possible to make inferences about an element of the actinide series 

by analogy with the corresponding element of the rare earth series o The lanthanide 

metal that corresponds to Am is Pro Because of the small quantities a~ailableand 

the high toxicity of Am, Pr was used as a stand=in for Am in the exploratory experimenps. 

or praseodymium~ the following oxides are knowng Pr
2

03, Pr60l1 (of vaguely defined 

composition that varies with the manner of preparation) and Pr020 

+3 +4 . The oxidation potential of the M = M couple.1s determined by means of the 

two equa ti ons g 

.oH= To 6s 
=E 

nf' 

where F is the free energyli E is the-oxidation potential,!) nthe number of'moles 

involved, f is FaradayO s constant)) and .6 s is the change in entropy in the reactiono 

In order to calculate the change in heat content 6 H in the reaction Am+3 ~ Am+4 , 
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the change in heat content was calculated for the equivalent reaction Am+3-+H~Am +1..+iH2& 

This reaction is equivalent since the oxidati on potential of the couple H +--7 ·fH2° 
is set equal. to zero on LatimerU s scale of oxidation potentialso The calculation 

was carried out by the following schemeg 

M02 + 3H +-~ M-fJ + t02 -t- 3/2H20 

M02 + 4H+ --7 M+4 + 2H
2

0 

tH2 + t 0
2 ---7 t H

2
0 

IJH 

~ E1 was measured directly in a micro~calorimetero The change in temperature 

was measured by means of the change of resistance in a winding about the calorimeter 

flask of 50 feet of 40 mil wire. The apparatus is capable of detecting a change in 

temperature of 10-
40

00 -il H2 was estimated on the basis of the heats of formation of 

other actinide tetravalent oxides and tetravalent ions from the metals, and the heat 

of formation of water 6 H3 is well kriowno 

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

reaction would be given by the change in entropy of Pu in the analogous oxidation. 

The values that were arrived at for the oxidation-potentials are -20 6 Vo for the 

Am+3 - Am+4 couple and -.301 Vo for thePrt2 
= Pr+4 coupleo 

An attempt to correlate these results with the thermochemical data for Ce failed 

because at the acid concentrations that were used~ Ce~4 exists in the hydrolized form 

Ce(OH~3 so that the experiments were not reproducible for Ceo 

A detailed account of the work is contained in "Thermochemical Studies of Oxides 

of Praseodymium and Americium and the Estimation of the Pr~ - prT4, Am+3 - Am~4 

Oxidation Potentials p - UORL .327~ by LeRoy E.yringo 
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Synchrotron Injectiono ,Mo Martin 

A slit~ equal in width to the injectionslit1 'was cut in the back of the:±njector 

wi th the result that the output of the machine jumped from 400=500 IUra/bro to about 

,1700 mr .. /hro Slits of different widths resulted in no improvement of the intensityo 

The reason for this improvement in operation is at present being investigated theo~ 

-reticallyo 

Synchrotron Mesons.. J o Peterson 

Three progressively more discriminating experimental arrangements were tried for 

obtaining exposures of meson tracks .. 

Geometry I is shown in Fig.., lao' A stack of plates was placed into the synchrotron 

x-ray beam at about 26 inches from the target at a point where the half width of the 

beam is about 1/3 incho No control over the material in which the mesons are produced 

is possible with this arrangementoThe mesons that were observed may have originated 
-- ,/ 

in the glass or the emulsion of the plateso In order to 'achieve better control over the 

target material for meson production9 geometry II of Fige Ib was triedo Two stacks of 

pho~ographic plates were placed two inches apart on opposite sides of the beam in a 

plane passing through the beamo A sheet of carbon exposed to the flow of x=rays served 

for a source of mesons., The angular distribution (Figo 2) of the mesons that were observed 

showed however that a large number of them must have 6ri~nated in the plates since it is 

clearly impossible for mesons that leave the target at angles greater than or equal to 

180
0 

and equal to or less than 0° to reach the plates, and yet mesons were observed,at 

those angleso In order to minimize the possibility of meson production' anywhere but in 

the target still further, the beam was first collimated by two lead bricks that allowed 

a 1 inch aperture for its passageo This geometry is shown in Figo lco Carbon was 

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

section for pair productiono It was desired to avoid as much as possible the confusion 

of mesons with electron tracks., 
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Geometry III was comparatively successful in reducing the darkening of the' plates 

by electrons.. This darkening is the main factor that lim:i ts the length of exposurf" 

of the plates o ' It was possible to subject the plates in geometry III to 2000 mr.~' 

whereas geometry II and I all()wed only 500 mr. and 50 mr 0 

The meson tracks that were observed can be classed into four categorlesg stars, 

11 -~decay tracks~ clubs~ and virgin tracks o The shape of each one of these types 

is sketched in Figo 30 Club is the term that is used for a track that"ends in a tight 

little knot that makes it impossible to judge the manner of decay or deatho Virgin 

denotes those tracks that, end uneventfully.. The other two names are self=explanatoryo 

It is possible without using a magnetic field for positive i.dentification by 

drawing on previous experience to estimate the nu~ber of positive and negative~ mesons 

f 
nQo of V+­

and to compute the ratio 0 noo of~- & Experience with mesons has shown that all 

but about 25 percent of n- mesons make stars in the emulsion. Therefore" the number 

of rr- mesons is approximately equal to 4/3 of ~he number of starso It is believed 

at present that only rr1"" mes'ons decay into f4- mesons~ and that each 111"" meson gives 

'rise to a~ mesono Since the juncture of parent with the daughter is often not seen9 

the probability that a track that may not be assigned to a tr- meson is a 1T1" equals 

the probability that it is a, )--L 0 With geometry I~ 37 stars~ 9 virgins~ 6 clubs$ 

and 3 1T~decays were observedo A calculation ~arried out according to the above 

reasoning yields therefore 

. t [55=4/3 x 3~ 
4/3 x 37 

17 

The results of measurements with geometries II and III yield the values 801 and 704 

for this ratio. There are a number of reasons why these numbers should be regard~d 

as no more than indicative of the order of magnitudee The most obvious one is that 

the statistics are poor. Another one is that it is difficult to distinguish the 

track of a one prong star and a 'tT/<-decay and that there is considerable uncertainty 

regarding the identification of 1TjU tracks. 



" 

UCRL 356 

=7= 

Geomet~ III yielded some crude information on the angular distributiono The 

graph of Figo 4 is based only on those tracks that ll'lel.'6 acceptableo In order to 

assure that a meson that was counted was actually produced by the interaction of the 

x-ray beam wi th the nuclei of the target~ it was required of acceptable, 'tracks that 

their extension intersect with the line of the beam in the targeto 

A basic energy distribution. was obtained by calculating from the geometry the 

length of the meson path in glasso The preli~~nary results are sketched in Figo 50 

It must be remembered that the Gurve cannot represent a true total energy distribution 

since only those particles are observed that are at angles in the neighborhooo of 90° .. 

It is expected that if all angles were seen by the plates, the energy distribution 

would have more nearly the appearance indicated by the broken lineo The trir6shold 

for the production of mesons is 180 Mev and the total energy 'that is available in 

,~ the x=ray beam is about 300 Mev 0 

Stars in Oxygen and HeliumoJo Tracyo 

A study has been carried out on a n~~ber of stars produced in the'cloud chamber 

by the exposure of oxygen9 H20 vapor and helilllU at a pressure of i· atmosphere to 

90 Mev neutrons .. The aim'of the analysis was the identification of the atems whose 

disintegration initiated the stars and of the emitted particles whose tracks are seen 

as the prongs of the staro 82 stars were examined.. However9 complete identification 

of only a few was possibleo 

Events that take place in the cloud chamber are recorded photograph~callyo The 

length of exposure of th~ film is controlled by the duration of a spark~hat is 
~ .' : c 

synchronized with the beamo The photographs are examined in a stereogr~phic viewer 

that.permits under optimum experimental conditions the measurement of the radius of 

curvature of the track9 the change of the radius of curvature.? and the 'spatial orient~ 

·ation of the tracko When the prong of a star ends in the ill:wninatedr.egion of the 

cloud. chamber)) it is also possible to determine its length and thus gain information 



UCRL 356 

about the momentum of th~ particleo The density of ionization specified as light~ 

medium, or heavy and the qualitative appearance of the track were also drawn on for 

help in the identificationo 

The principles of conservation of charge9 energy and momentum were used in the 

analysiso Of all particles emitted in a disintegration only those carrying a charge 

are capable of ionizing the gas of the cloud chamber~ producing trackss and therefore, 

being seen on the photographso A charge balance was therefore always possibleo A 

consideration of charge leads to the immediate -conclusion that -stars with 1llore than 

two prongs can only be due to the disintegration of an oxygen atomo The principle 

of conservation of energy could not be used for identification except in the elimin= 

ation of alternatives that required the R90 Mevn neutrons to come in with an energy 

in excess of the maximumo A momentum. balance also could be used only for the e1imin-

ation of alternatives since the possible emission of invisible neutrons had to be 

consideredo 

It was possible however in the case of 7 He stars to establish an energy bi;Uance 

since the range of all the prongs could be measured and therefore their energy could 

be determined by means of the range energy curves for various charged particleso 

The details of this analysis are set forth in nStarFragnients in Oxygen and 

Helium under Bombardment by 90 Mev Neutrons 9 " Jo Tracy and Wm. Powell~ UCRL 3460 

scb/5-20-49 
Information Division 
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