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1 Q.U.ARTERLY PROGRESS REPORT. Project 48 

' Go T. Sea borg and I o Perlman 

A. Chemistry of.the Rare Earth and Actinide Elements 

The Chemistry of Neptunium 

Stuart R. Gunn and B. B. Cunningham 

The Density of Napttiniuni- Metal. Several sa.inplas of neptunium metal of 
0.5=2.0 mg mass have been prepared by reduction of NpF4 with barium metal 
vapor at 12oooc in soft beryllia crucibles. 

Five samples of metal were·used for density measurements. Densities 
were determined by weighing the samples on a torsion microgram balance and 
measuring volumes by·a liquid displacement method employing a fine precision 
bore capillary partially filled with dibutyl phthalate o 

The observed'densities of these pieces of neptunium metal· varied from 
14.8 to 16~·2· grams/cc. These values are· substantially lower than the mean· 
value· of' ,-..~J.? ;5 found by -Westrum and. Eyring (Edgar F. Westrum, Jr o and 
LeRoy·Eyring, "SOme Properties of Neptunium Metal Including· the Heat of Solu
tion," reported at the Symposium on the Chemistry of' the. Actinide Elements, 
118th National Meeting~ Am. Chern. Soc., Chicago, Septe~ber 5, 1950) 0 Careful 
examination of the-pieces of metal prepared by us indicated that small voids 
were present in most samples· and we believe that this fact explains the lower 
density values, although it was not possible to estimate ~uantitatively a 
correction for this effect.- It is possible that neptunium metal 9 like plu
tonium, will be found to exist in a number of crystalline modifications of 
rather widely different densities. 

Attempts to determine the crystal structure of .our samples of nap= 
tunium metal by-x.,;ray diffraction were not successful; 

The Heat of Reaction of Neptunium Metal with 1 0 5M Hydrochloric Acid ~ O.OOIM 
Fluosili:; Acid. Several samples of' ·neptunium metal were used for measurements 
o:f the heat.; of rea©tion- of the metal· with 1.5M HCl ;, o.OOlM H2S~F6 , using 
the microcalorimeter described by Westrum ("Thermochemical Measurements on 
the Transuranium Elements»"- AEcn:.:1903) 0 Three measurements gave values of 
=165o?» =159.0 and -16'7.? kcals/moleo A mean value of' -165 0 7 ± 2 kcals/mole 
was reported previoUsly by Westrum (see above) who stated that the he-at cor= 
responded to the reaction: 

NP(c) + 4HC1(a~) Np+4 + 2H2 
(a~ 9 1.5!!!, HCl) (g) 

Recent:Iy·-Westrum aild Eyring (Edgar F. Westrum, Jr o and LeRoy Eyring, 
"Some Properties of NeptuniumMetal Including the Heat of Solution," reported 
at the Symposium on the Chemistry of the Actinide Elements, 118th National 
Meeting~ Am. Chemo Soco, Qhicago, September 5, 1950) have concluded that the-
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reaction is: 

Since Westrum and. Eyring do not present conclusive evidence in f'avor 
of' either reaction, ·we are··a.t present attempting to determine which of' these 
reactions corresponds to the observed heato 

·This question ·rs of course of fundamental importance in the thermo
chemistry of neptunium. 
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Absorption Spectrum of Hydrated .Americium Chloride 

·John G. Conway and Betsy J. Stover 

···The absorption spectrum of the hydrated americium chloride has been 
photographed at· room temperature and liquid nitrogen temperature. Seventy 
absorption peaks have been .rrieasured. Most of the peaks are very narrow 
approximating line widths ·,observed in emission .spectra. At room temperatures 
some forty lines were observed. Many of these resolved into several com
ponents at the lawer temperature. For exainple, a multiplet at 8000A showed 
two peaks at room temperature and nine peaks at the lower temperature. 

The· interpretation of- the data. is by no means complete, however, there 
iS a strong indication·of intervals of 254 cm-1 and 450 cm-1. Vibrational 
levels are also present. 

., 
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The Chemistry of Curium 

J. c. Wallmann, W. w. T. Crane, and B. B. Cunningham 

Curium metal has been produced on the microgram scale by the reduction 
of curium trifluoride with barium metal •.. The CmF3 is prepared by cation exchange 
column separation of cm+3 and precipitation of the fluoride by addition of HF; 
this wet precipitate is-dried on Ft by induction heating. Beryllia crucibles 
are used for the metal production with a slight modification of the method de
veloped for neptunium9 plutonium, and americium micrometal production. 

The curium trifluoride is not pelleted because of the small amount; (less 
than 10 ~g,) and because of the possibilitw of iron contamination from the pellet 
press: rather the material is loaded into the degassed, sintered BeO inner 
crucible and tamped down with a quartz rod. .An outer crucible and cap fabricated 
from BeO powder is degassed. A .piece of Ba metal is loaded into this with the 
sintered inner crucible then placed on top of the reductant metal and the whole 
unit capped. · 

The crucible system is heated in a glass high vacuum line by a wolfram 
coil furnace: 45 sec •. at 1275oc, 45 sec. at 11oooc, and 960°C for 20 sec. The 
·product is usually obtained as a 1-5 ~g pellet in the bottom 'of the inner 
crucible. Removal of the pellet is best carried ·out by cracking of the inner 
cru.cible and subsequent cleaning of the metal to remove any adhering BeO. 

Curium metal is silvery, about· as malleable as plutonium, ·and appeared to 
tarnish more rapidly than the other actinide metals. The greater reactivity of 
curium is probably due to the extreme radioactivity: the power output per ~ of 
curium. is 1.2 x 10=4 watt and is enough to maintain the temperature of the metal 
substantially above that of its environment. 

· Measurement of. the density, self-temperature and other physical properties 
of the metal are being carried out: especial interest is attached to the relation
ship oetween. the physical. properties of curium and the other actinide metals. 
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Berkelium Chemistry, and Vapor Pressure of Neptunium Metal 

Merle E. Jones and B. B. Cunningham 

Recent eXperiments using trace amounts of berkelium have indicated the 
similarity in behavior of its (III) and (IV) oxidation states to those of 
cerium. In solutions containing the (III). and (IV) states of these element.s, 
the (IV) may be removed by carrying with zirconium phenylarsonate or zirconium 
phosphate. Under ·the conditions of our experiments, the zirconium phehylarsonate 
carried only 2-5 percent of the cerium when no oxidizing agent was present,. while 
a precipitation·of zirconium phosphate carried a slightly greater amount. In a 
series of experiments in which solutions one molar in nitric acid, containing 

·berkelium and.· cerium were ·heated for thirty minutes at 100°C with various oxidiz
ing agents present, no oxidation of the (III) states was indicated by either 
NaOCl or NaCl03 but Na2cr2o? a.tJ.d NaBr03 each oxidized appreciable amounts to the 
(IV) state. The ratios of the amount oxidized to the total present was the same 
for ·both the berkeliUm. ana the cerium. The presence of phosphate during the 
heating period resulted in an increase in the percent oxidized which indicates 
that the Bk(IV) tends to for.m a stronger complex with phosphate than Bk(III), 
as would be expeeted. · 

Oxidation experiments performed using bromate as the oxidizing agent at 
different acidities while maintaining constant ionic strength showed that in the 
range from 0.1 molar to 1.0 molar in hydrogen ion the percent of berkelium and 
cerium oxidized decreased -as the aGidity increased. 

Attempts to reduce berkelium and americium with magnesium (using samarium 
dichloride a$ carrier) ·in ethyl alcohol throUgh which hydrogen chloride had 
been bubbled gave no evidence of reduction havihg occurred. 

Some meas~rements of the vapor pressure of neptunium metal have been made 
using an effusion apparatus. Preliminary results indicate that neptunium metal 
has a lower vapor pressure than americium or plutonium • 



The Magnetic susceptibilities of Some Compounds of Americium and Curium 

J. C. Wallmann, W. W. T. Crane and B. B. Cunningham 

In-the present -investigation, the magnetic susceptibilities of some solid 
compounds of americium and curium have been measured at room temperature and at 
lower temperatures down to ??~. In the case of curium compounds, a novel compli
cation existed because of the intense radioactivity of the isotope Cm242. .An 
energy release of 1.2 :X: n;=4 watts per microgram is converted mainly to heat within 
the samples which are thus maintained at temperatures substantially higher than 
that of the surroundings. ' 

Experimental. Apparatus. The susceptibility measurements were made by a 
modification of theFaraday method 9 using mainly the apparatus shown in Fig. 1 

The sample, mounted in a thin quartz tube of about 1 mm I.D. and 6 mm 
in length 9 was suspended by a thin quartz fiber attached to the free end of the 
beam of the balance.l Sample and balance were surrounded by protecting tubes of 
pyrex glass as shewn-in the figure. The front end of the horizontal 4 em diameter 
tube was provided with an aluminum disk closure, with a central opening covered 
with a thin mica window through which the pointer attached to the free end of the 
balance could be observed with a microscope. The end closure was sealed to the 
tube with Gel.va wax. 

A stopcock ("A19 of Fig. 1} attached to the back permitted evacuation and 
the a.ssemblsd apparatus was ;;racuum tight. 

Temperature <~ontrol was achieved by surrounding the vertical tube in which 
the sample was suspended by a small dewar filled with a sui table refrigerant. 

The microscope :Provi"ded e. ·magnification of about 200 diameters, and by the 
use of a filar micrometer it was possible to read the position of the pointer to 
about :!: 0.3 !J.. Sin.:;e the ·sensitivity of the balance was about 1 cm/.mg, this 
corresponded to a sensibility, or limit of precision ofreading

9 
of about ± 0.03 

tJ.g 0 

The microscope was attached to the arm of a simple raek-and-pinion mani
pulator for convenience in focusing and adjustment. 

The susceptibility- apparatus and microscope were mounted on a single 
heavy wooden frame, beneath which a 5=inch "alnico No. 5" permanent magnet could 
be slid in an out along a heavy brass track. The entire apparatus was placed in 
a box, provided with windows and glove ports

9 
in which the experimental measure

ments could be made without undue risk, of radioactive contamination. 

The magnet .was provided with pole pieces ( "0" of Fig. 1), specially 
cut to produce a region of pronounced-but relatively constant field gradient. 
The product of field by field gradient· in our experimental region was about 
3 x 105 {oersteds)/cm. · 

Measurements~ Our measurements are relative and depend upon previous calibration 
with samples of known susceptibility. We have used reagent grade Feso4 (NH4) 2so4 • 
6 H20 for w~ich we take X to be 29.45 x 10=6 c"g.s. units at 298o.tc as our primary 
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standard. A sample of spectroscopically pure gadolinium fluoride was used as a 
secondary ·standard. -The gram-susceptibility of this material was found to be 
115 x 10~6 c.g.s. units~ by comparison with ferrous ammonium sulfate. 

Since the force exerted on a sample in an i·nhomogeneous magnetic field 
varies as the product H dH/dX, a portion of the f'ie~d in the experimental region 
was explored in preliminary measurements with gadolinium fluoride. It was found 
that the pull on the sample varied by less than ? percent per mm of vertical 
displacement. In all-subse~uent .measurements the position of the sample in the 
field was reproduced to within a few tenths of a millimeter as shown by observa-
tion with a cathetometer. · 

· All samples, except those of curium, were weighed to within a few tenths 
of a percent on a torsion microgram balance similar to that described by Kirk, 
Craig, Gullberg, and Boyer2. The samples of curium were assayed radiometrically 
to within ! 5 percent both by alpha-counting and by X=ray counting. Corrections 
for the diamagnetism of the quart-z sample tubes were usually determined directly, 
but in a few cases were ·computed from the known weights of the tubes. 

A summary of our experimental data is given in Table I. 

The average of these measurements gives a molar magnetic susceptibility 
·for curium fluoride of ~22,500 ± 4000 c.g.s. units in an environment of 295~. 
This is in agreement within experimental error of that expected theoretically 
for a 5f7 configuration. 

The suseeptibilitj of AinF3, and its temperature dependence, is in agree
ment with a 5f6 configuration for Am+3 and a multiplet splitting between the 
7F 0 and ?F1 states comparable to kT • 

1The construct ion and operation of balances of this kind have been described 
by CUnningham, Nucleonics, .2,9 No. 5~ 62 (1949). 

2Kirk, Craig, Gulberg and Boyer, Anal. Chern., ]1, 427 (1947). 
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TABLE I 

Magnetic Susceptibilities of the Trifluorides of Gadolinium, .Americium 
and' Curium. 

Sample Wt. of Sample T. :XM 't T 
(p.g) (OK) (c.g.s. units M 

X 100) 

Gd.F3 95.8 295a 24,800 :!: 1000 7.31 
(R .if standard) 

Gd.F3 95.8 77a 98,600 :!: 2000 7.60 
CmF3 24.0 295 19,000 ± 6000 5.60 
CmF3 3I.O 295 26t000 ± 5000 7.67 
cmF3 31.0 .· 77 58 000 ± 6000 t 4.46 
AmF3 910.0 295 1 040 :t 300 0.27 

' + AmF3 910.0 199 1, 290 -:' 300 0.23 
AmF3 910.0 77 1,740 ± 300 0.12 
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The Behavior of Actinides and Lanthanides 
on Cation Exchange Columns with HCl .as Eluting Agent 

R. M. Diampnd, K. Street _and G. T. Seaberg 
. .. ·! 

The measurements hav_~ been made with columns· 10 em long and 1 .mm or 1-1/2 
mm in diameter. The data obtained so far have been corrected to the 10 em by 

· 1 .mm column and are given in 'Figs. 1-6.- The resin used was Ionex-50 spherical 
·fines, and· the flow rate was about 0.1 cm/min/cm2. · 

cmiii, .Ainiii, pu:III elute· in that order. in 6M HCl, which is their order 
with citrate· solutions- and is th~ expected order by analogy with the behavior 
of the corresponding lanthanides. However, in 9M HCl they come off closer to
gether, and in 12! HCl their positions are reversed, i.e., they come off in the 
order Pu, .Am, cm

1 
This reversal appears due to the su:Perior complexing ability 

with cl- of Puii over Amiii over·cmiii 
0 

Such differences in complexing with Cl~, at least to the extent of re
versing their positions, is not noticed with the lanthanides tested: Ce, Pm, 
Eu, --and the pseudo-lanthanide, Y; all of which keep their same positions 
relative ·to each other in going from 3M to 12M HCl as eluting agent. A possible 
explanation· for the. behavior of the actinides-will be given later when the 
Present work on Laiii GQ.III- ThiV ZriV NpiV is completed along with 3M HCl 

' ' ' ' -runs on all of the ions considered. 

The observation of Street that the lanthanides' distribution coefficients 
(resin/solution) go through a minimum (around 6M HCl) and then increase again at 

.higher HCl concentrations has been amply confiriiied both by actual column runs and 
by equilibration studies. 
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Microcalorimetry· 

Stuart, R. Gunn and B. B. Cunningham 

At the present ti~ modifications are being made in the microcalorimeter 
'constructed by WestrUm. arid Eyring (AECD-1903, March, 1948) in an effort to 
decrease the large thermal leakage modulus of this instrument (0.025 degrees 
per degree minute} and to improve its precision. 

An adiabatic microcalorimeter designed by Westrum is being modified in 
.an eff'ort to. get this instrU.nient in operation •. It is hoped that ultimately the 
adiabatic microcaloi'imeter w11r permit the accurate measurement of small quanti ties 
of heat liberated over an extended time period of several hours. 
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Anion Exchange of Complex Fluo-Ions of Zirconium and Hafnium 

E.' H. Huffman and R. C. Lilly 

The elution of complexfluci~ions-of zirconium and hafnium from .Amberlite 
IRA-400 anion exchange resinhas been studied in two different concentration 
ranges. The dependences of the distribution coefficient upon the concentrations 
of chloride, hydrogen Ion and hydrofluoric acid· have been found to be different 
for the region around l.OM hydrochloric acid and o.5M hydrofluoric acid (high acid 
concentration), as used·by Kraus and Moore at OaR Ridge National Laboratory, and 
for the region around o.2M hydrochloric acid and O.OlM hydrofluoric acid (low acid 
concentration). · - - ~ 

The data in the high· acid concentration range show that the distribution 
coefficient is independent of the hydrofluoric acid concentration and is in
versely proportional to the second power of the chloride ion concentration, sug
gesting one of the following reactions~ 

R2ZrF5 + 201= = ZrF5 = + 2RC1 

R2~F7 + 2Cl- = HZrF7= + 2RC1. 

The -dependence upon the. chloride 1on concentration was obtained by using both 
hydrochloric acid an(). a mixture of hydrochloric acid and Hthium chloride. One 
of the following reactions,-

RZrF5 + W + c1= = HZrF5 + RCl 

' + RHZrF6 + H + c1= = H2Zr¥6 + RCl, 

could apply if the dependence were merely upon the second power of the hydro
chloric acid concentration-, as this could mean the first power of the hydrogen 
ion concentration and the first power of the chloride ion concentration. 

A different picture is presented in the low acid concentration rangeo 
Here the- distribution-coefficient is d,ependent on the first power of the hydro
fluoric acid concentration and inversely on the one and a half power of the 
chloride ion concentration. If the dependence were inversely on the first 
power of the chloride ion ·conoon.tration, then· the two reactions: 

+ = RZrF 5 + H · + Cl = ZrF 4 + HF + RCl 

RHZrF 6 + H+ + Cl= = HZrF5 + HF + RCl 

would be possibilities~- Silbilarly9 1f the distribution coefficient were in
versely dependent on the second power of the chloride ion concentration, the 
reactions: 

R2ZrF6 + H+ + 2Cl = = ZrF5- + HF .+ 2RC1 

R2HZrF? + H+ + 2c1= = HZrF6= + HF + 2RC1 



UCRL=923 

-24= 

would be possible. Probably one each of these two pairs of reactions is 
operating in this elution. The present data are insufficient to clear up 
this point. 
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The Crystal Structure of K2ReBr6 

D. Ho Templeton and Carol H.; Dauben 

Single crystals of K2ReBrs were prepared by Dr. z. Hugus of this lab
oratory. They were well~formed cubes of dark red color. 

Powder diffraction patterns showed that the lattice is face~centered 
cubic; with a ,;;; 10~445 :!: 0.005 .R. The structure is that of K2PtC16 , which is 
an anti-fluori.te structure with ?tC16 as the anion. The atomic positions are: 

Space group of 0~ = Fm3m 

4 Re in 4 (a ) : ( 0 9 0 ~ o l + F • C • 
8 Kin 8 (c) : ± (1/4~ l/4p 1/4) +F. c. 
24 Br in 24 (e) : :t ( u, o v o; 9) + F. C. 

Themagnitiides o:f.' 95 independent structure factors were determined 
visually from rotation and Weissenberg photog;raphs for the (100) axis of a 
single crystal. An optical ·suminatioli of the electron density at x = o, by the 
Huggins method, showed that the series converged well. A numerical sruluna.tion 
for x = o and y = o located the rhenium parameter at u = 0.242 ± 0.004. 

The percentage discrepancy 

~ tFobsl - - I F calc 
L I Fobs I 

X 100 

was equal to 38 percen< whieh -is as well as could- be expected with no cor
rection for absorption arid 'with the crude method of· judging intensities. In 
view of the simplicity of the structurev further refinement seems unnecessary. 
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Radiation-Chemistry 

A •. s. Newton and W. R. McDonell 

Methanol. Preliiniiiary analysis of chemical products produced by the irradiation 
of 40 m1·of methanol with~28 Mev alpha particles for 2.00 ~ah on the 60-inch 
Crocker cyclotron yielded the data shown in Table I. 

Higher·· aldehydes than formaldehyde, and higher glycols than ethylene 
glycol were-absent. The total carbonyl detected was accounted for by the formalde
hyde determined. The-- noil=equivalence of oxidized and reduced products suggests 
the analysis is incomplete. 

Product Formed 

H20 
H+ 
Formaldehyde 
Ethylene Glycol 
H2 
CH4 
co 
Dimethyl Ether 

(gas phase) 

Total Mg 

500 ± 5 
??5 :t 25 

TABLE I 

Total Millimoles 

9.? 
0.225 + 0.010 

16.'7 
12.5 
39.'7 
3.89 
3.09 
1.01 

Molecules/100 ev 
(approximate) 

0.92 
. 0.021 

1.58 
1.18 
3.75 
0.37 
0.29 
0.095 
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B. Nuclear Properties-and Transformations 

"Eissio~of the Medium Weight Elements 

R. E. Batzel and G. T. Seaborg 

- The study of the "fission" of the medium weight elements has been con
tinue-d. Addit1o.rihl:-' work has been done on the investigation of the 'Variation 
of t.lie yield ofradioa:ctive Cl38 from copper as a function of the energy of 
the bombarding part1cle: The variation of the yield of radioactive Na24 from 
copper has also been studied. The thresholds for the spallation reactions 

· cu63(p, pn6-a.)cl38- and Cu63(p;.P3n9a.)Na24 are 110 and 1 ?0 Mev .r. respectively. For 
the extreme reactions cu63 + p-----+ cn38 + AJ..25 + n and Cu6" + p - Na24 + 

1gK39 + n, the energetic requirements are practically the· same, about· 55 Mev. 
A plot of the cross sectio.ri for formation of' 0138 and Na24 from copper versus 
the energy of the bombarding p~rtiele is- shown in Fig. 1. The mass and 
coulombic energy requirements for spallation and fission assumed are: 

Mass 59 Mev 
Coul. 55 Mev 

114 Mev 

cu63 + P -cl38 + Al25 + n Mass 25 Mev 
Coul. 35 Mev 

60 Mev 

cu63(p,p9a.3n)Na24 Mass 98 Mev 
Coul. 71 Mev 

169 Mev 

cu63 + p-Na24 + lgK39 + n Mass 22 Mev 
Coul. 32 Mev 

54 Mev 
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Isotopes of Zirconium 

E. K. Hyde 

New radioactive isotopes of zirconium have been prepared by bo!!lbardment 
of niobium metal foils with 100 Mev protons through spallation reactions of 
the type: 

Nb93(p,2pxn)Zr<93 • 

Chemical procedures based on· riew developments in the radiochemistry of zirconium 
were employed to isolate quickly, and in high yield, carrier free zirconium 
fractions. Evidence for several new activities has been found. 

The most prominent isotope is zr87 which decays via the following scheme. 

zr87 

~+ 2.44 Mev 
85 ± 3 minutes 

I.T. 
14 hours 
e=,Y 

y87 

~0 hours 

sr87m 

2."7 hours 
Y e-

sr87 Stab}.e 

The positron energy of 2.44 J¥Iev;was determined in the ~-ray spectrometer 
by 0 11 Kelley. -The -half-life was determined by Browne by following the decay 
of high energy positrons in the- spectrometer. The decay scheme as shown has been 
checked several ways including the following. 



,,, 

, 

UCRL-923 

(a) .An y87m fraction "milked" from a zr87 sample and followed for radio
active decay with a Geiger ·counter showed the ·decay curve expected for a 14-
hour isotope decaying into -an 80-hour daughter and a 207-hour granddaughter. 

(b) .An y87m .fraction "milkeari fro.ni. a zr87 sample was in turn milked of 
its s:r87m granddaUghter at interv-als of many hours over a period of days. The 
amounts of-207-hour sr87m activity so isolated increased and then decreased 
according to the expected theoretical curve. 

-'These results are in gross disagreement with the published results of 
Robertson, Scott, and Pooll. 

l:Q. the zircori.ii:im fractions repurified after the 85=minute zr87 had dis
appeared, evidence was found for the following chaine 

14 hour y86 14.5 hour sr86 (stable) 
~+ . 

The mass assignment is based on the similarity in properties of the 14.5-hour 
yttrium isotope to the y86 reported by·s. Castner2. Milking experiments have 
established the half'.;;,lives here given but no studies have been made on the zr86 
radiations as yet --because ·of· interference from other isotopes. 

The we11 known 78=hour isotope zr89 is found in the zirconium fra·ctions 
fromthese bombardments. The positron energy of' 1.04 Mev was checked in the , 
spectrometer and the half-life by decay measurements. A hard Y-radiation decay
ing with a '78-hou:r. half-life was also found. Published reports on zr89_state 
that it has no Y. This is b~ing checked further. 

Several months old zirconium fractions from some of the niobium bombard
ments have been reworked and x-radiation and conversion electron activity is 
st·ill found: This is tentatively believed to be zr88 actively decaying accord
ing to the schema: 

y88 105 days sr88 
KY 

Not enough time has elapsed to permit resolution of the decay curves of the 
long;.,lived Zr or of the milked samples-of the Y daughter, but present da!;a 
indicate a half-life of roughly 200 days for the Zr fractions and roughly 100 
days for the yttrium fractions. 

1R.obertson, Scott, and Pool,_Phys. Rev. 76, 1649 (1950) 
78;, 318 (1950). 

2castner, s. (unpublished work). 
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Mass Assigrunents of Alpha-Active Isotopes in the Rare,Earth Region 

J. o. Rasmussen, F.· L. Reynolds, s. G. Thompson, and A. Ghiorso 
- ·- ·- -- -- ... 

In a previous (foiilinunicatiob. from-this laboratory, the production of alpha
radioactivity in the rare earth elements was reported. The suggestion was made 
that this might be due to the influence of the stable configuration of 82 
neutrons on the daughter nuclides and some likely isotopic assignments were pro
posed on this basis~ We have succeeded in testing this suggestion through the 
use of the mass spectrograph to make an isotopic assigrunent for one of the major 
artificial rare earth alpha-activities with the result that this explanation 
seems to be confirmed. 

The mass assigrunent of the alpha-emitting terbium isotope of 4.0 hour. 
half-life and 4.0 Mev-alpha=particle energy was made by performing a mass 
spectrographic separation of terbium activity onto a photographic plate and de
tecting alpha-activity by a transfer plate technique~ The terbium activity 
(6 x 10? alpha~disintegrations per minute at end of a 5-hourbombardment) was 
produced by bombardmen~ of 30 mg of gadolinium oxide w~ th 150· Mev protons in 
the 184-inch cyclotrOn, and rapid chemical separation was made by elution from 
cation-exchange columns with 1/4 !J.g terbium carrier added before elution. The 
equipment and method used in the separations were essentially as described 
previously in the work by Thompson et al on the new element berkeliuml. Two 
column separations were made in order to remove all of the gadolinium, the 
first column of 1.0 em diameter, the second of 2 mm diameter. One-fourth !J.g 
of samarium nitrate in solution was added ~o the active terbium fraction before 
mass spectrographic separation to serve as.an internal massstandard. The 
products of the mass spectrographic separation in the 60° slit=type mass 
spectrograph~ using a thermal ionization source from a wolfram filament, were 
collected ori an Eastman III=O photographic plate. Before development this 
plate was left face to~·f'ace with an Eastman NTA transfer plate for a day. After. 
development the collection plate showed solid lines at the mass numbers cor
responding to all the stable samarium isotopes {as both sm+ and Smo+) and to 
stable terbium (as Tb+). The transfer plate was searched with a microscope for 
alplia tracks. ·-A concentration of alpha tracks was observed on the transfer 
plate only in a region corresponding to mass 149. The 4=hour terbium alpha
activity was the only alpha-activity here present in large enough amount to be 
detected by this technique. Terbi1~ 149 has 84 neutrons and would thus be 
expected to have the maximum alpha-decay energy of the terbium isotopes in this 
mass region. 

The suggestion was also· made that the long-known natural radioactivity 
of samarium might be assigned to sml47 or sml48,. rather than to sml52, since 
this assigrunent would be more consistent with decay toward the stable configura
tion of 82 neutrons (on this basis the most alpha-unst.able samarium isotope 
would be s.m.l46, and its anomalous absence from nature would thus be explained). 
This hypothesis has also been tested and it has been found that a·major part 

.of this natural radioactivity-should indeed be assigned to sml47., The pos
sibility that there may be also some alpha-radioactivity of nearly the same 
energy associated with sml48 has not been ruled out. 

A sample of isotopically pure sml4? was obtained by ion exchange chemical 
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separation from an o.s mg amount of Pm147 (a beta-emitter variously reported 
as 2.26 yr. or :3.? yr. half-life) which had been allowed to decay for about 
a year. This samarium sample was analyzed in an optical spark spectrograph to 
establish it-s chemical purity~ _in the mass spectrograph to prove the material 
was isotopically pure mass 14?, and was examined for alpha-activity in an . 
ionization chamber with differential pulse height analyzer, which affords an 
alpha-energy -determination in addition to detection. Alpha-activity of ~he same 
energy as that of the natural samarium alpha-activity was observed. The specific 
alpha-activity of this small sample of samarium 147 has not yet been accurately 
determined, but it is roughly of the order of magD.itude to account for the total 
alpha~act i vi ty observed in-- natural samarium. 

Dempster2 had--previously come to the conclusion that the natural samarium 
alpha-activity should be assi-gned to sml47 on the basis of a cont_inuance of his 
work using isotopic separation with the mass spectrograph together with the 
photographic technique for detection. 

;~hompson, Ghiroso, Street and Seaberg, J. Am. Chern. Soc. ?2, 2798 (1950). 
-uempster, A. J., ANL-4:355. 



.• 

.. 

UCRL-923 

-33-

Shell Stabilized Isotopes of Radium 

F •. Momyer, E. K. Hyde, and A. Ghiorso 
- -· . 

A search has been continued for new low mass isotopes of appreciable 
h,alf-life {>30 seconds) of emanation, francium, and radium with the purpose of 
obtaining new iriformation of" the stabilization of nuclei which occurs at 126 
neutrons and below. The isotope Fr212 and its decay chain have previously 
been reportedl. -

Suchisotopes-have to be prepared by high energy spallation reactions 
on heavy elements· such as thorium using 340 Mev protons.. Recently evidence has 
been found for the chain: 

Ra213_---=a=--- Em209 _ __,K=-- At209 • 

Experliri.ental Cl.ifficulties have prevented precise measurements of the half-lives 
but present data indicate about two minutes for Ra213 and 60 seconds to minutes 
for Em209 

0 

Evidence has also been found- for Ra212 which decays by K capture to 
Fr212 with a half-life of 1-2 minutes. The alpha branching has not been measured. 
Work is continuing on these and other isotopes such as Ra211, Fr211, Fr213, and 
Em210 

0 

1Hyde, E. K., Ghiorso, A., and Seaborg, G., Phys. Rev. 77, 765 {1950) 
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Search for Fine Structure in AcX (Ra223 ) and Half-life of Ac227 

Jack M. Hollander and I. Perlman 

The systematics of alpha-decay would indicate that the presently accepted 
alpha-energy of Ra223 is l~1er than that which would be in keeping with a smooth 
energy surface in this region. 

The known alpha-groups from Ra223 are 

5. 71? Mev 
5.606 , 
others 

55 percent 
36 percent 

9 percent 

From inspection of the alpha-systematics, the assumption of a smooth function 
would predict that the ground state transition should have an alpha-energy of 
6.0- 6.1 Mev. The purpose of this study was to search for this group, and if 
not seen, to set an upper limit on its abundance. 

As the source of Ra223 , a tracer solution of Ac227 and daughters was . 
used. -The ac-tinium solution was passed through a Dowe:x:-50 column in lN HN03 and
the radium th~n -eluted. with 2g HN03. 

Portions of the radium fraction were collected on a platinum disc, which 
was then heated•-to volatilize· the Pb211 and Bi211. Alpha-pulse analyses of 
the plate Showed the known alpha-groups of Bi211, Po215, and Em219, as well as 
the known Ra223-groups. There-was no evidence of a group in the range 6.0 - 6.1 
Mev. An experimental upper limit to its abundance can be set -at ""0. 5 percent. 

One might conclude either: 

(~) that the hi·ghe~t-:energy alpha-particle group now seen in Ra223 is not the 
grouri.d state group, but that this transition is so forbidden that it occurs 
in lower than 0.5 percent abundance or that (b) the ground state transition 
is the 5. '717 Mev alpha-particle group, and that the "kink" in the alpha
energy function for radium is real. 

Mea·surement of Half-life- of Actinium1 • In order to resolve the discrepancy 
in reported values f-or the half-life of Ac227, ranging from seven years to 
21.? years, we have measured a sample of actinium, aged fo~ several years, by 
the differential technique described by Segre and Wiegand2. Measurements were 
conducted over a period of 100 days, resulting in a value of 22.0 ± 0.3 years. 

lsee UCRL-894 
2segre and Wiegand, Phys. Rev. 75, 39 (1949). 
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Specific Alpha Activity of u235 

E. H. Fleming, Jr., and B. B. Cunningham . -· .. -- . -

As reported last quarter the present-procedure beingused for pre-
paring even films of enriched u235 on platinum is e],ectrodeposition of the uranyl 
ion from a 0.4M ammonium oxalate solution. · However, the chemical titration 
procedure for determining the weight of-uranium i:ifter counting has been abandoned, 
since a precision of no better than plus or minus 2-1/2 percent has ever been 
achieved. It has been determined that quanti tat i ire elect rodeposi t ion can b.e 
effected consistenly with a precision o:f plus or minus 0.1 percent. Hence, the 
present procedure used is to dissolve about 60 mg of U30a, weighed to plus or 
minus 0.05 percent, inhot concentrated nitric acid~ cool, add concentrated sul
furic acid, boil off the nitric acid, and make-up to 10.000 ml. Aliquots of 
this solution are then electroplated as previ·ously described. 

Films have been prepared, ranging in thickness from about 12 to 100 micro
grams of oxide per square centimeter. By plotting counts perminut_e per milli
gram of uranium against film thickness, there results a non-linear curve, very 
similar to that found by B. F. Scott -for normal uranium.l The resulting curve 
is now being carried out to thicker samples, so that an extrapolation to zero 
thickness can be made, to determine the specific activity of the samples at a 
50 percent "geometry". 

1 .See CN-1764; A-2471. 
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Fission of Uranium with 340 Mev Protons 

R. L. Folger, P. c. Stevenson, and G. T. Seaborg 

Rare Earth Nuclides Formed in 340 Mev Proton Fission of Uranium Uranium foil 
targets were bombarded in the 184-inch cyclotron at a radius corresponding to 
340 Mev proton energy. 

The targets weredissolved in acid containing 1 mg each of rare earth 
carriers (with the exception of 'I'm, Tb, Pm)~ Fluoride, hydroxide and oxalate 
precipitations and sulfide scavenges were used in the preliminary purification 
of the rare earth fraction. The rare earths were separated on a 7 mm x 20 em, 
500 mesh, Dowex~50 ion exchange column, using pH 3.30 citrate for the heavy 
group and pH 3.50 citrate for the lighter rare earths. Elutions were made at 
87°C (Trichloroethylene reflux). · · 

In the fi~st run-, Ce was allowed to follow the other rare earths. 
Consequently, the observed yield of Prl43 must be corrected for growth from the 
33 hr. Ce parent. In the- second bombardment, Ce and most of the actinides were 
removed by bismuthate - bismuth phosphate scavenges. Comparing the yields of 
Prl43 in the two cases, approximate values are obtained for the independent yield 
of Prl43. 

_ The yields_r~ported in Table I are relative to Bal40 = l.oo-. The approxi
mate formation cross section for Bal40 lincludes the~- parents Cs, Xe, etc.) 
is 20mb, and the fission cross section for U with340 Mev protons is roughly 
of the order of 3b . -

Chain Yields. A series of bombardments of uranyl nitrate with protons of various 
energies was carr:ialout_ using-a target- holder in a pneumatic tube which delivered 
the target to the laboratory approximately eighteen seconds after the beam wa~ 
turned off. A quick separation of silver 'from palladium and cadmium was made, 
the average separation time being about three minutes. This permitted a calcu
lation of the in.dependent yield of Aglll and cdll5=cdll5m. The data on mass 115 
are not yet complete due to the long half~life or Cdll5m. The independent 
yield of Aglll expressed as a fraction of the total ~- chain yield shows a marked 
peak, increasing from beloW 0.,05 at low bombardment energy up to about 0.3 at 
intermediate energy and decreasing to about 0.17 at high energy ("' 325 Mev). 
The total 13= chain yield i-s not ·sensitive to_ bombardment energy above 100 Mev, 
as shown by a series of bombardments monitored with aluminum as described in 
our quarterly reports for September-November, 1949 (UCRL-550), and December 1949-
February; 1950 (UCRL~635). 

Fe Spallation. (G. Rudstam). Dtl,e to the presence of measurable amounts of iron 
impurity in our uranium foils, it was thought advisable to determine the yields 
of the various nuclides of mass· 59 or less formed by 350 Mev proton bombardment 
of iron, so that furture work on the yields of low.:..mass nuclides from uranium 
fission could be corrected for the presence of impurities in the target material. 
Bombardments were monitored either by using ·aluminum foils as previously des
cribed or by comparing the activity of the nuclides formed with that of Fe52 
formed on the same bombardment. Table II shows the nuclides identified, with 
their yields. The counting efficiency or Fe52 has not been finally established, 
so no yields are given for nuclides monitored only by this method. 
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TABLE I 

Rare Earth Nuclides Formed by Fission of Uranium with 340 Mev _Protons 

Xe, Cs, Bal40 .12.8d ~- 1.00 
Lal40 40 h ~- 0.52 (s) 

Pm, Ndl40 3.3d K 0.15 
· Ba, La, cel43 33 h ~- .v0.8 

Prl43 13.5d ~-. "'0.7 (s) 
Prl42 19.3h ~-, 0.31 (s) 
Ndl47 11 d j3- 1.27 
sml53 47 h j3- 0.19 
sml56 10 h j3- 0.044 

N.B. (s) represents direct for.riJ.a.tiori yield (not by growth from parent) 

The following nuclides were identified, but their relative yield has 
not yet been determined. 

Pml49 
Tbl49 
Tml67 

4'7 h 
4.5h 

"-'9 d 

~-
a.* 
K 

Two new activities have been observed 

Pm 
Nd 

"'1 d 
"'10 h 

*Work performed in connection with J. Rasmusson who made the identification 
by a.-pulse analysis of the Tb fraction. 
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TABLE II 

Nuclides Formed from Iron by 340 Mev Proton Bombardment 

Nuclide Decay Characteristics 0' mb* 
' 

co 55 17.9 hr ~+ 0.47 
1VJn56 2. 72 hr ~- 0.56 
Mn52 5.8 da ~+ 14.5 
Mn51 44.7 m!ll ~+ 4.1 
Fe 52 7.8 hr ~+ ** 
cr51 27.0 da K -**" 

cr49 42.0 mm ~+ 5.5 
cr48 23.0 hr ~+ or K 0 82*** 

0 

v48 16.0 da ~+, K 9.58 
v47 35.0 mm ~+, K 2~42 

Ti45 3.1 hr ~+ ** 
sc43+44 4.1 hr ~+ -** 
sc44m 2.5 da I.T. -** 
K43 22.0 hr ~- 0.12 
K42 12.,0 hr ~- 0.26 
Cl39 50.0 m!ll ~~ 0.09 
Cl38 40.0 rom~~ 0.11 
Cl34 '36.0 rom~+ 0.11 
Si31 157.0 mm ~- ** 
Na24 15.0 hr ~- -** 

* Cross sections based an·average atomic weight of Fe, 
not corrected for isotopic abundances. 

** Yield measured relative to Fe52; Fe52 final cross 
section value awaiting'an.accurate determination of 
the counting efficiency. 

***Not previously reported. Determined by milking the 
16 day K-active V48. 
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Preliminary Experiments on Self Absorption ~-Self Scattering of Beta Particles. 
(L Malatest~ Carrier free tracer ftolutions of sr90_y90 , ce144 -Pr~44 , and 
Pm147 were used to provide ~- energies from 0.223 Mev to 3.0 Mev. Equal 
aliquots of tracer solution were mixed with increasing amounts of carrier 
and the counting rate measured as a function of''; source thickness. Tracer and 
carrier solutions were allowed to mix on the counting dish, then fixed by 
precipitation with an atmosphere of NE:3 gas and dried under a heat lamp. 
Various carriers were used~ ranging in atomic number from ?-8 (oxalate, nitrate) 
up to 82. Sample thicknesses up to about 8 mg/cm2 were used. 

For soft betas the chief effect noted was self-absorption, although with 
higher atomic· number carriers (La and Pb) self scattering was appreciable in 
the first mg/cm2. The increase over the carrier free sample amounted toNll 
percent with the cel44-.prl44 tracer. With the harder betas (Sr90 and y90), 
the self scattering seemed to cancel the self~absorption out to 3 mg/cm2 for 
a low atomic number carrie.r (Fe} and to predominate out to 8 mg/cm2 for the La 
carrier (No. 57). The peak increase over the carrier free sample wasN15 percent. 

It is planned to extend and refiil.e these self-absorption measurements so 
that correction curves can be made available. 

Work-on the excitation functions of various products of uranium fission 
with high-energy protons is bei.rig continued, chemical methods for rapid parent
daughter separations for chain yield.studies are being developed, and remote
control devices and protective equipment for fission-product.separation from 
extremely active targets has been designed and is under construction for use 
in isolating and measuring the yield of fission products'forined in low yield. 
It is planned to study the indepenqent yield of nuclides in ~-decay chains 
in several regions of the fission yield curve. 
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Heavy Neptunium Isotopes 

D. A. Orth and G. T. Seaberg 
-- -

A series of experiments lias been_ peri'ormea to -investigate the heavy _ 
neptunium isotopes for the occurrence of short-lived Np238 and Np239 isomers 
and the unknown Np241. Ut1liz1ng u23s- as target material, bombardments were 
made with protons, deuterons, and helium ions. 

- -

The Np238 fraction produced with 9-Mev protons was followed. for decay 
following a short chemical procedure. Resolution of the curve allows a limit 
to be set on the yield of short isomers. The maximum yield of isomers of 
5 minutes or longer is 1 percent, relative to 2 day Np238. 

The Np238-239 fractibn produced by 18 Mev deuterons, with more stringent 
chemistry, showed a relative yield of l~ss than o.o5 percent of any isomer 
as long as 20 minutes and less than 3 percent of any as short as 5 minutes. 

With 35 Mev helium ions, a 59 minute activity was produced, which has 
been assigned to Np241~ from the reaction _u238(a, p)Np241. This isotope has 
a beta group with energy of about 0.7 Mev, a highly converted Y-ray of 100 Kev 
and a large amount of-soft radiation; higher energy j3-particles or Y-rays 
'have not been ruled out. 
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Beta~Ray Spectrometer 

G. D. 09Kelley, W. W. Crane, and I. Perlman 
·--· ·- .. --

The R~dioactivtty of Am242. Earlier reports have summarized the preliminari 
.measucrements on the radiations from :1.6-hour Am.24~m and 80-year .Am242. It has 
been possible to characterize the radiations with more precision, using stronger 
sources and higher resolving power. 

The samples were .prepared.fromt pile-neutron irradiated Am.241, and were 
carefully purified. Fermi-Kurie plots or thecontinuous ~-spectrum of Am.242m 
showed an endpoint energy of 628 Kev; this value was-reproduced in three dif
ferent samples. Internal conversion lines corresponding to Y-rays of 38, 35 
and 52 Kev were also observed;;. In attempting to assign these Y-rays to the 
various transitions 9 the differences between the LI, LII, and LIII, lines 
were matched with the expected differences of the edges for Pu, Am, and em. 
This was done since the x-ray spectrometer measuremen~s indicate that .Am242 
decays by electron capt1.1re as well as isomeric transition and ~- emission. 1 
The Pu242 electron capture daughter has·also been identified in the mass spectro
graph. 2 Tentatively, we have assigned the 38, 35,- and 52 Kev Y-rays to Pu, Am, 
and Cm transitions, respectively. The 52 Kev Y-ray is about 50 percent con
verted. 

From the relative abundances of the x-rays, conversion electrons, and 
~- particles, Am.242 appears to decay about __ 60 percent by ~- emission, 20 per
cent by L=electron capture, and 20 percent by isomeric transition. 

The-~- particle--from the ground state of Am.242 has not been measured 
accurately; our best value for this transition is 580 ± 30 Kev. 

Instrumental Improvements. The regulator for_the magnet current supply has 
'been rebuilt anc). improved considerabl-y-. Also~ a high-voltage supply variable 
from 5 to 40 kv, and regulated to 0.01 percent Is under construction. It will 
be used in an electron gun_ apparatus for _the measurement of counting efficiencies 
of the ~=ray spectrometer detectors. 

1o9 Kelley, Barton, Crane, and Perlman, University of California Radiation 

2
Laboratory Report UCRL=807 (July, 1950) 
Thompson, Street, Ghiorso, and Reynolds, ibid., UCRL-657 {June-, 1950) 
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Californium Isotopes ··from Bombardment of Uranium with Carbon· Ions 

A. Ghiorso, s. G., Thompson, K. Street, Jr., and G. T. Seaberg 

The recent production _arid identification of isotopes·· of elements with 
atomic numbers up to six higher than- the target element through bombardment 
with hexapositive 120 Mev carbon ions made it seem worthwhile to apply this 
technique to the transuranium region. 

Accordingly, small pieces of natural uranium metal (about 0.5 mil thick 
and 2.5 em by 0.6 em area) where irradiated in the internal carbon ion beam 
in the Berkeley 60-inch cyclotron. Following the irradiations~ the uranium 
was dissolved in dilute hydrochloric acid containing hydrogen peroxide and _a 
transplutonium fraction was· isolated through the .use Of lanthanum fluoride, 
and lanthanum hydroxide precipitation steps followed by the ion exchange 
adsorption column procedure in which concentrated hydrochloric acid is u~ed 
to separate the tripositive actinide elements from the rare earth elements. 

The transplutonium fractions in hydrochloric acid were evaporated as 
weightless films on platinum plates which were placed in the ionization chamb
er of the 48 channel pulse analyzer apparatus in- order to measure the yield 
and energies of any alpha=particles which might oe present. In the best .experi
ment at about one hour after the.end of the 90 minute bombardment, some 50 
disintegrations per minute of the distinctive 7.1 Mev alpha~particles of cf244 
were observed to be present and to decay with the 45~minute half~life. The 
cr244 was p2:-esumably formed by tb.e reaction u238(cl2,6n). 

After the decay of the alpha-particles due to Cf244, about five dis
integrations per minute of alpha-particles with 6.8 Mev energy was observed 
and this alpha~radioactivity decayed with a half~life of about 40 hours. A 
consideration of the systematics of alpha-radioactivity leads us to the view 
that this activity is due to the new isotope Cf246-formed by the reaction 
u238(cl2 ,4nL The measured half-life agrees with the expected alpha half
life for the observed energy for an even-even isotope of the element with 
atomic number 98. 

It is not possible at this time to obtain a goo~ estimate of the in-. 
tensity of the carbon ion·beam~ Therefore, the cross sections for the reac
tions given above cannot be calculated. However, it is interesting to note 
that the indicated yields for the (C,6n) and (C,4n) re~c~ions are comparable. 

If the isotopic assign,n;_ent of the new 40"':"hour activity to cf246 is 
correct." these new data give a bette:r; idea as to. the slope of the alpha-energy 
vs. mB.ss number line for californium, which in t·urn makes 'it possible to make 
better predictions of the radioactive properties of the nuclides in this 
region. 



UCRL-92;3 

-43-

Experiments with Carbon Ions as Bombarding Particles 

J. M. Hollander atld I. Perlman 

The reactions Au( C,.xn) are at present iinder investigation. We have 
identified At205· and At20v in carbon bombardment of gold on the 60-inch cyclo
tron, from the (C~4n) and (C,6n) reactions, respectively. 

A rough yield curve has beeii run, by bombarding a stack of 0.25 mil gold 
foils, each separated by a 0.35 mil foil or aluminum. Results on the (C,4n) 
reaction are given in Fig. 1. The At203 product of the (C,6n) reaction was 
seen in only the first foil-, and at present it is difficult to set an upper 
limit for its presence in the second foil. 

-· -

These experiments are being continued. 
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Mass Spectrograph 

F. L. Reynolds 

Considerable improvement in line spectra structure was obtained by 
using a double slit thermal source over the single slit design. This has re
sulted in sharper spectra and improved resolution. 

-··· -

All necessary units have been completed for the oper~tion of an additional 
60° sector spectrograph for the analysis of "hot" samples. This was a G.E. 
instrument purchased in 1944 and has been completely modified. 

Assembly operations are in progress on the new -?5 centimeter radius 60° 
sector spectrograph and testing of equipment should start in the very near 
future. 
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One-Tube Coincidence Counter 

C. I. Browne, H. P. Robinson 

Investigation has been made of -the possibility of using the 6BN6 vacuum 
tube as a·orie-tube coincidence counter. The following farily successful 
results shown in Table I, using the circuit indicated i.ri. Fig~ 1, and 10 tJ. sec 
pulses as input signals. have been obtained, (All voltages are approximate.) 

TABLE I 

Cathode bias - ·-3.2 V -

Grid No. 1 Signal (volts) Grid No. 2 Signal (volts) Output Signal (volts) 

2.1 
.. 

0 o.o 
0 ~ 2.1 0.1 
2.1 2.1 2.8 
3 0 0.1 
0 3 0.1 
3 3 22.0 
8 0 o.1 . 
0 8 0.4 
8 8 58.0 
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Related to the.Phy~ics ~~:e~rch Program 

E. SegrE:l 

On the Half~Life of Actinium 

· J • M. Hollander and R. F •. Leininger 

The half.;_life of Ac227 has not been established with certainty. The 
most widely quotedl-values a~ 21.7 yea:rs2 and 13 .• 5 years. 3 In the interest 
of resolving this discrepancy, we have followed-the decay of a sample of 
.actinium using the differential ionization chamber employed by·segre, Wiegand, 
and Leininger in the course of their studies4,5 of the influence of chemical 
binding upon the decay constant of Be7. 

The sample of actinium used in these-measurements was produced and 
separated in 1947 from pile irradiated radium at the Argonne National Laboratory. 
Because of its age, the. actinium can safely be assumed to be in sec11lar equili
brium with the daughter products in its decay chain. A second sample, kindly 
furnished us by Dr. F. Hagemann· in January, 1950,- has also been observed. This 
sample, however, has not yet reached equilibriUm. arid will be followed further. 
At present, therefore, the results obtained with the older sample alone should 
be considered as preliminary. 

Determination ot long periods by the differential technique rests upon 
.the fact that during the course of the -measurement, At << 1, and that the decay 
is essentially linear. ·By expansion.of.the axponenti~l in the first order decay 
law N{t) = N{O) a- At and retention of only the linear term, one has 

N{t) = N(O) - >- N(O) t 

or in terms of activities, 

A{O) - A(t) = A{O) i\t. 

One uses a sample of actinium of strength Ax(t) balanced in activity as closely 
as possible with a Bureau of Standards radium source of strength Ar{t) such 
that A;x(O) == Ar{O). Because of the constancy of the radium standard, Ar{t) = Ar{O)= 
Ax(O). Th~s,.Ar{t) : Ax(t) = Ax(O) At. Defining the quantity Ar{t) - Ax{t) as 
8 { t ) , the unbalance of the samples at t U1a t, one has 

1\= 
Ax(O) · t 

One must therefore maasU.re 8 {t) as ~:···riliJ.cti.on of ,time. Provided that A:x:{O) 
can be det.ermined with comparable relative precision, the decay constant of 
the actinium may be found. ·-< 

Differential measurement enjoys several advantages over separate measure
ment of standard and unknown: by measuring the samples at the same time and 
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by interchanging themsystematic_ errors are minimized; the readings on the 
difference of' the two activities are always small and with ionization chambers 
are mucl:l more cori.venient to take than readings on _the activities; it is practical 
to use considerably stronger samples than for single readings. 

The differential chamber has been amply described by Segre and Wiegand.4 

Our measuring procedure wa·s as follows: - the actinium sample is placed in 
chamber 1 and the radium standard in chamber 2; the rate of' drift of' the galva
nometer is then 

where Sl and s2 are the sensitivities of' chambers 1 and 2, respectively, and are 
very nearly equal. By interchanging the samples, the rate of' drift becomes 

from which 

~- 2 S(t) • s 

6 (t) ~ -
(p - ~q) 

2 s 

The initial rate of' drift due to the actinium sample alone, a(O), is then 
measured. Since a(O) = Ax(O) • s, 

A:x;{O) = 

But we had from the decay_ law that 

a{O) 
s 

0 • 6 93 Ax ( 0) • t 

o{t) 

Substituting f'rom_above for o(t) and Ax(O), we obtain 

= - 0.693 • a(O) 

(p 2~ ~) 

We have measured (p - q) ·over a period of about 100 days and have found 
(p - q)/t to be -0.0591.6 ± 0.00020 (mm/sec. }/day. Also, the 'initial activity 
of' the actinium sample, corrected for decay, was a(O) = 343.7 ± 2.9 mm/sec. 
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From these data, the half-life of actiniUm 1s calculated to be 22.0 ± 0.3 
years, comparing favorably with t~e value offered by Curie and Bouissieres. 

1G. T. Seaberg and I. Perlman; Rev. Mod. Phys. 20, 585 (1948). 
2r. Curie and G. Bouissieres, Cahiers phys., No. 26, 1 (1944). 
3st. Meyer, et al, Rev~ Mod. Phys. ~' 427 (193:).). 
~. Segre arid c. Wiegand, Phys. Rev. 75, 39 (1949). 
5Leininger, Segre, and Wiegand, Phys. Rev. 76, 897 (1949). 



UCRL-923 

-51-

Scintillation Counters 

R. F. Leininger 

Plastics. In view of the interest in solution counters."Iiow in use, preliminary 
tests have been made on plastics as ·scintillation. counters.· Clear samples of 
polystyrene containing up to ?.5 percent of terplienyl have been prepared, Count
ing efficiencies are very .low; less than one percent of that of a stilbene sample 
tested under similar conditions. 

Crystal Growing. The growing of crystals of stilbene has been continued on a 
routine basis, 
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Service Work Related to the Physics Research Program 

R. F. Leininger 

The Po from a large nunilier· of Bi samples was separated by deposition onto 
silver from hydrochloric acid solution. -Po has also been deposited onto Pt 
from hydrochloric acid using a salt bridge and a calomel cell to supply the 
deposition potential. 

Samples of separated Pb isotope have been prepared as the dioxide on thin 
platinum metal supports. Deposition is anodic from dilute nitric acid. 

-· - -

Assistance was-given in the preparatioiJ. of thin iron foils in the range of 
2-20 milligram per square centimeter. The thinner samples were made by evapora
tion from a wolfram filament a:rid th_e thicker ones by electroplating followed by 
pealing from a polished wolfram surface. 

Aluminum films in the range of 0.1 to r.o mil as a cover for bismuth have 
been prepared by evaporation. Since wolfrain is appreciably soluble in aluminum 
the usual boat methods could not be used that work for optical films of _ 
aluminuml. In this case as well as in the case of iron mentioned above, the 
aluminum was slowly fed as a. wire onto a white hot wolfram filament. 

1J. Strong~ Procedures in Experimental Physics, page 176, New York, 
Prentice~Hall Inc. 1945. 
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D. Bio-Organic Chemistry Group 

M. Calvin~ ~d B. M. Tolbert 

Synthetic and Experimental Chemistry 

M. Calvin 9 B. Tolbert, P. Adams 9 R. Bartsch~ R. Bonner, A. Fry 
s. Ikeda~ E. Jorgenson, B. Neivelt, R. Ostwald, H. Rapoport and R. Selff 

High Specific Activity Preparations.· Db.ring the "last three months high specific 
activity preparations of the following compounds have been completed. The scale 
of the react ion in· millictlries arid pe-rcent yield based on C02 as starting material 
are given in parentheses after the·narne of the compound: 

Sodium prop.ionate=·2=·Cl4 (30 me 42. 7%) 
Sodium butyrate-2~cl4 (40 me 57n2%) 
Sodium formate=cl4 (128 mc85~91%) 
Sodium isobutyrate=l=cl4 (15 me 95%) 
Propyl iodide~l~cl4 (60 mc-65=70%) 
Succinic a.cid=l-cl4 (12 me 60%) 
Sodium vinyl acetate-l=cl4 (11 me 75%) 

Sodium propionate-l-cl4 (40 mc1 97.3%) 
Sodium butyrate-l-cl4 · ( 10 me 9?%) 
Methyl iodide-cl4 (28 me 68%) 
Sodium acetate-l-cl4 (40 me 95%) 
Propyl iodide-2-cl4 (20 me 30%) 
Oxalic acid~l~2-c24 (.10 me 42%) 
Ethyl chloroacetate=l-cl4 (12 me N75%) 

List of Compoun.ds ·Being • Studied. In the following paragraph are listed compounds 
whose synthesis is being studied. Those compounds which are starred indicate that 
a high specific activity preparation is in progress: 

Aspartic acjd~·l or 2~cl4; ethyleneglycol-1. or 2-C~4 ; valine-1-cl4; glucose
l-cl4; mannose=l-cl4; stilbamidine~amidine-C~4 (*); valine~methyl-cl4(*); isopropyl 
bromide-methyl=Cl4(*);-fumaric acid=l or 2.,.cl4; malic acid=l or 2-cl4; butyl 
bromide=l=cl4; amyl bromide=l-cl4; isovaleric acid=2-cl4; isobutyl bromide-1~ 
cl4(*); diethyl a=ilaphylmalonate~carboxyl=Cl4; dihydromorphine-cl4; cyclohexanone-
2-cl4( *); cuprous c~anide=cl4(*); and succinic acid ... 2-cl4(*). 

Synthesis of Low IVIol-ecular Weight Alcohols . and Halides~ In the last quarterly 
report a general method for the preparation of alcohols from fatty acids was 
described. In this process the- cadiniU1IL=nickel salt of the acid salt is· prepared, 
and in the presence of copper chromite, high pressure hydrogen and about 220°0 
temperature the acid is reduced in high yields to the corre-sponding alcohol. As 
will be observed in the listing of the compounds being prepared or studied, a good 
many alcohols and halldes have been included and they have all been prepared by 
this method. Two papers are in the process of being written for distribution; 
one on the general method for the conversion of the fatty acids to alcohols and 
halides

1 
and the other on the specific preparations of methyl iodide starting 

with cl~02· and going through formic acido 

Synthesis of Valine=methyl=cl4. In the last quarterly report an unsuccessful 
preparation of labeled valine was described. ··It is felt that the reason no 
product was obtained in this case was due to impurities in the isopropyl bromide. 
As a result, a new synthesis of this in~ermediate has been undertaken to produce 
this needed am.ino acid" The procedure currently being studied is as follows: 
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__ 6 __ cl~3=~ cl4r!3 

1) H2 1) Acetamidomalonate 
2) Hydrolysis 
3} Decarboxylation 

2) Copper chromite 
c1~3cHBre14ri3 

Valine~methyl=cl4 

The preliminary steps in this ~ea.c·t ion- have already oee!l carried out on a 
15 me run and the indication is that the yield of each step should be quite 
goodo 

,$ynthesis of Valine~l-cl4 • Studies on the synthesis of-valine-l~cl4 by the 
cyanhydrin method have been completed. Optimum conditions have been determined 
and a product of high purity obtained. The cyanhydrin formation from isobutyr
aldehyde appears to be base catalyzed and does not go satisfactorily in neutral 
or slightly acid solution. 

The optiiilll.Ill conditions are as follows: 1.35 g potassium cyanide, 1.30 g 
ammonium chloride, 1~8 ml isobutyraldehyde and 40 ml water are placed in_a flask 
cooled in an ice=salt batho After one=balf hour of intermittent shaking, a 
reflux condenser is attached and the flask heated at 70°C for 24 hours. The 
reaction miXture is then cooled and :eXtracted with four 25 ml portions of methylene 
chloride. Removal of the solvent leaves a viscous liquid which is hydrolyzed 
overnight on a steam bath with 50 ml of concentrated hydrochloric acid. The 
hydroehlorie ac:id is remoired on a steam bath under reduced pressure. This pro
cess is repea:ted sllveral times with 60 ml port ions of water. 

The solid residue is then taken up with a small volume of water and one
half of the volume placed on each of two 60 ml ion exchange columns containing 
Dowex 50 cation exchange resin in the acid form. Elution is carried out with 
300 ml of 2 !I ammoniUm hydroxide on each column. The eluate is evaporated to 
dryness and the residue r~crystallized from water=alcohol solution. Two crops 
of crystals were obtained in ~his manner, -both chloride-free. The mother liquor 
is then evaporated to dryness~ sublimed at 160-l?0°Ci and more chloride-free 
product obtained. Paper chro~~tograms of each fraction were made and resulted 
in only one spot when treated with a ninhydrin spray. On a 20 mmole scale, 
1.195 g of product were obtained, resulting in a 51~1 percent yield from pot
assium cyanide. A high specific activity preparation can now be made. 

Synthesis of Cuprous Cyanide~cl4. A low activity prepar~tion of this compound 
was made in a 8? .8. percent yield. This product was used in an .attempt to weigh 
out-small quantities for shipment to the Isotopes Division. Dry cuprous cyanide 
becomes easily charged and- this greatly hampers the handling of extremely small 
quantities. Several attempts were made but the results left much to be desired 
both in efficiency and time consumed. Alternative methods are now being triedo 
It does not seem feasible at present to weigh out this material directly without 
excessive loss. It is without exception the most electrostatic material en
colmtered in this laboratory. The static phenomenon is not due to the radio
activity for it is present in both active and inactive material. 



Preparation of c14-Labeled Morphine Derivatives. The objective of' the present 
work is to syilthesize a morphine derivative in which cl4 has been inc_orporated 
into the molecule iri a stable c-c-·bond and thus allow the metabolic fate of 
the compound to be more easily and closely followed. At the same time, new 
derivatives with decreased addiction liability are sought among'the nuclear 
alkylated morphine derivatives. Work is in progress on the synthesis of' 6-
methyldihydrodesoxycodeine-D by hydrogenation of' 6-methoxydesoxycodeine-C: 

' 
N 

\ 

3 3 

So far, all hydrogenations have resulted in the undesired simultaneous opening 
of the oxide ring. An alternative path is being investigated in the reaction 
of' codeine tosylate with Grignard reagent to be followed by hydrogenation: 

N 

(H) 

This is in the Grignard r~act ion stage. 

Decomposition of OXalic Acid. Oxalic acid-l,2-C~4 has been decomposed in 100 
percent sulfuric acid at · 41-. s0 , 63 °, '79. 9° and 99 o S°C o The C02 evolved was 
collected in sodium hydroxide_and the co was burned by passage through a cop
per oxide-packed furnace. Complete ceillbustion of' the CO was attained by using 
oxygen as the sweep gas. Measurement of the activities of the products are 
now in progress. Preliminary data indicate that there is·· a. cl4 isotope effect 
of about 6 percent in this reaction. 

Isotope Effect in the Decarbo;rlation of Malonic Acids. Diethyl a-naphthly
malonate has been hydrolyzed to the sodium sal'& of the acid. Upon adding hydro
chl<:>ric acid to a solution of this salt at room temperature, co2 was evolved 
and a-naphthyl acetic acid was obtained. -Diethyl a-naphthylmalonate-carboxyl-c14 
has b~~n prepared by the sodium ethoxide catalyzed .reaction of diethyl oxalate-
1,2-C2 with ethyl a-naphthylacetate. The hydrolysis and isotope effect in 
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decarboxylation of the resulting product is in progress. 

Dakin-West Reaction. A study of the source of the C02 evolved in the Dakin
West react ion has been completed~ ··The" carooxyl group of the amino acid has 
been shown to be the exclusive source of the .co2• Details of this work have 
appeared in a recent project report (UCRL~877). 

Det.ermination of Low Activity cl4 Samples. Rapid determination of low activity 
cl4 samples from biological material is at present a major deterrent in the use 
of the isotope in hum.aJi patients. Thus, when 100 f.LC of glycine-2-cl4 is given 
to such a patient, ·most of the blood samples-and a large part of the breath 
samples have a spec:i"fic acthri ty of o. 1-5:0 dis/min/mg of BaC03. These need to 
be assayed with an accuracy of 1-5 percent. · 

Counting of such samples is very slow. At present, they are being 
analyzed by using ionization chambers.- This~ system, however, is fairly awkward, 
although it is capable of giving very consistent results. Therefore, the entire 
problem of the use of ionization chambers is being reinvestigated and, at the 
same time, additional methods for the use of either ionization chambers or 
proportional counters are being studied to find better ways of measuring these 
low activity samples. 

In preparation for the work on proportional counting, an electronic 
apparatus is being assembled which will be capable of controlling almost all 
the variables in such a study. Thus, minimum and maximum discriminations will 
be possible as well as the variable gate and variable high voltage. Several 
different types of proportional counters will probably be investigated. Pre
liminary results are favorable. 

In order to accelerate the use of the vibrating reed electrometers a 
modified ionization chamber has been set up which is made part of the vacuum 
line and is attached directly to the vibrating reed head. _With this circuit it 
is planned to generate the sample and introduce it directly into the head. It 
is hoped that this will eliminate the long settling times necessary with some 
of the present heads and chambers and permit more samples to be run for each 
piece of equipment, 

As a third method of increasing the number of samples analyzed, more 
instruments and technicians are being procured for the present ionization cham
ber set ups so that as many as twenty samples per day may be measured. 
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Biological Chemistry 

Iill. Calvi"n~ E. Bennett, J. Campbell, L. Daus;· s. Ikeda, D. Kritchev~ky 
B. Krueckel, M. Lazarus and B. Tolbert 

Purin~4Metabolism. High activity preparations of adenine-4, 6-ci4 , 8-azaadenine-
4,6-Cl , guanine-4-cl4 and 8-azaguanine:..4-cl4·have been completed. The 
synthetic routes: used have been outlined in previous reports; only minor modifi
cations were made in the finar preparation. Adenine and 8-azaadenine were ob
tained in 20 percent yield from cyanide; guanine-and 8-az~guanine were obtained 
in 40-45 percent yield. -The compounds are essentially pure as indicated by paper 
chromatography followed by radioautographs and by ultraviolet spectra. 

Preliminary experiments have been initiated using the radioactive purines 
which have been prepared. These experiments have been designed primarily to . 
develop and test the methods to be used in determining the distribution and 
nature of the radioactive compounds formed after injection of the compounds be
ing tested. The compounds have been inje.cted intraperitoneally into normal 
mice and subsequently the animals have been sacrificed. The radioactivity 

,present in the respiratory C02, 'urine and various organs has been d~termined., 
A fractionation of the activity in some tissues has been carried otit. The 
results of several· experiments are swnmarized in the following tables. The 
results are expressed as percent of injected activity which was found in a given 
fraction. {See Tables I and II). · · 

.Analyses by paper chromatography indicate that radioactive adenine is 
not the major active component in _either the excreted urine or in the TCA-soluble 
extracts of the various tissues of the mice which have been analyzed. Two radio
active compounds are present in the urine of the mice which have been injected 
with 8-azaadenine; one has been tentatively identified as unchanged 8-azaadenine. 

Further experiments are in progress with these compounds as well as with 
guanine and 8-azaguanine. 

Metabolism of Simple Fatty Acids by in vitro Liver Slices. The study of meta
bolism of labeled sodium propionate incubated ·with liver slices has been cent inued. 
In addition to compounds identified previously, radioactive lactic acid has now 
been identified as one of the acidic products and has been recrystallized with 
carrier zinc lactate several times to remove any impurities. The zinc lactate 
has then been degraded according to the equation: 

HCr04 
------==~ CH3COOH .. + 

Use of the Schmidt reaction: CH3COOH + EN3 HzSO 

for further degradation of the acetic acid formed has-been adapted to the low 
activity samples. Only fair quantitative acc'liracy was obtained, but it was 
possible to obtairi. both carbon atoms of the acetic acid s.eparately. The amine 
was counted directly as the hydrochloride. 

Degradations of the lactic acid formed by liver slices from carboxyl
labeled propionate and from alpha-labeled propionate gave the following data 
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T.ABLE I 
f 

Metabolism of Adenine-4,6-ci4 

UCRL-923 

Time Sacrificed 2 hoursa 28 hoursb. 48 hours0 

Sol.in Sol. in Sol. in Sol. in Sol. in Sol.in Sol. in Sol. in 
Tissue cold?% hot 7% lN NaCH cold 7% hot 7% iN NaOH cold 7% hot 7% 

TOAd -TCA TCA TCA TCA TCA 

Liver \ 10 0.6 <0.1 5.7 2.2 <0.1 3.5 1 6e . 
Kidney 9 0.13 <0.1 8.1 . 0.5 <0.1 1.0 0.5 
stomach and 18 5.0 <0.1 7.8 7.3 o.1 3.8 6.4 

Intestines 
Spleen 0.65 0.14 <O.l 0.40 0.53 <0.1 0.15 0.1 
Hide and Hair . 3.6 1.? 
Remainder'of 

Carcass 14 1.9 <0.1 12.2 4.3 o.1 .10 3.0 

a. 35 percent eliminated in urine and 2 percent in respiratory co2 • 
b. 31 percent eliminated in urine and 16 percent in respiratory co2• 
c. 40 percent eliminated in urine and.l3 percent in respiratory C02. 
d. TCA = trichloroacetic acid. 
e. Probably low 
f. 2.0 mg of adenine sulfate {20 :X: 106 dis./min) dissolved i.ri.'l m1 0.9 

percent soditun chloride was injected into each 25-28 g mouse. 

Sol. in 
lNNaDH -
<0.1 
<0.1 
0.2 

<0.1 
1.8 

o.1 
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TABLE II 

Metabolism of 8-Azaadenine-4,6-cy4a 

Time Sacrificed 2 hours b 24 hoursc 
Tissue Sol. in Sol. in Sol. in sol. in Sol. in Sol. in 

~old 7% hot 7% 1 N NaOH .cold 7% hot 7% .1 N NaOH 
:t:CA TCA - TCA TCA -

Kidney 34 0.6 0.1 31 0.9 o.1 
Liver 1.0 o.o1 - 0.2 o.o1 -
Stomach and 

Intestines 1.8 0.06 - 0.5 o.1 -
Spleen 0.06 o.o1 - 0.01 - -
Hide and Hair 0.03 
Remainder of 

Carcass 3.5· 0.07 - 1.1 0.2 -

a. 1.2 mg of 8-azaadEmlne {17 x ·ro6 dis1min) dissolved in 1 ml of o. 9 
percent sodium bicarbonate was injected :i.nto -each 25-28 g mouse. 

b. 65 percent excreted 'in urine, and o.o in .respiratory C02. 
c. 67 percent excreted in urine, and o.o in respiratory C02. 
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·which are presente:l in Table III ·with corresponding data from alanine degrada
tions. Further work is continuing on characterization of other metabolism 
products from the incubations. 

TABLE III 

Degradations of Lactic Acid and Alanine 

Type of Propionate Compourid % Distribution of c.LE:I: 

Administered Degraded COOH a. + ~ a. ~ 

Carboxyl Alanine 95 5 
Lactic Acid 93 -

Alpha 
' Alanine 14 85 

Lactic Acid 18 80 40 31 

Steroid Studies. Paper Chromatography of Steroids •. The separation of cholesterol 
and cholestenone has been achieved by using paper impregnated with "Q.uilon" as 
the stationary phase and simple primary alcohols as the solvents. In effect 9 

the stationary phase consists of stearic acid residues. 

Using the method of Zaffaroni, et al,. for paper chromatography of the 
steroidsv namely9 paper saturated with formamide or propylene glycol and benzene 
or toluene as the solvent» it was found .that cholesterol traveled with the front. 

It was possible to detect the cholesterol by using tritiated cholesterol 
and scanning the paper with the windowless counter described in the last quarterly 
progress report. The presence of cholesterol at the points of high act i vi ty was 
confirmed by the red color developed after papers treated with a solution of . 
silicotungstic acid were dried. Cholestenone gave an olive green color with this 
reagent, but only when the steroid was present in relatively large amounts. 
Cholestenone was most easily detected by the yellow color obtained with a re
agent consisting of a solution of iodine and potassium iodide in water. A 
dilute permanganate spray and sprays of picric acid and sodium hyd~oxide gave 
less readily defineg spots. 

The most satisfactory solvents, to date, have been methanol, ethanol and 
ethanol-water 8:2. The latter solvents give the best separation of cholesterol 
and cholestenone~ The results are tabulated below. 

Solvent 

Methanol 
Ethanol 
Ethanol=water 8:2 

Cholesterol(Rr) 

0.56 
0.92 
0.52 

Cholestencne(Rf) 

0.?7 
0.97 
0.86 

All experiments were carried· out as descending chromatograms using_ 
1-1/2 x 15 in. strips of the impregnated paper. The paper was usually wet to 
a distance of about 25 em from the origin. Rf values were measured from the 
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farthest point of the origin to the foremost point of the colored or active 
zone. 

Projected work includes widening the range of usable solvents, develop
ment of supplementary color reactions and extension of this method to other 
steroids. 

Components of the Sfl3 Factor. A solution containing some of the Sfl3 
factor was made available by Dro Go:f'man 1 s group. The material-was _exhaustively 
extracted with ether and the aqueous residue.was treated-with cold, 10 percent 
trichloroacetic acid. A precip-itate amouilting to 3 mg of protein was obtained. 
The protein was hydrolyzed byrefluxing with hydrochloric acid_and the solution 
was then evaporated _to dryness, the amino acids taken up in 95 .percent ethanol 
and a paper chromatogram run. The developing solvents were butanol-propionic 
·acid and phenol. The following amino acids were identified: aspartic, glutamic, 
serine., glycine, threonine, alanine and leucine. 

Infra-red investigation of the ether extract did not show a strong 
cholesterol absorption. This is probably due to the masking effect of phospho
lipid. 

Rabbit Feeding EXperiments~ (With Dr. F. Pierce, Medical Physics Group). 
The experiments were performed in the hopes of finding a phenomenon of competitive 
esterUication between cholesterol and another alcohol. The alcohol chosen for 
the first experiment was n-octadecyl alcohol • 

. Three rabbits were taken, two normal and one with a high Sfl3 factor. 
The rabbit with the high factor was fed 100 g of normal feed daily, each 
hundred grams containing one gram each of octadecyl alcohol and cholesterol. · 
(Unless cholesterol feedings are continued, the Sfl3 factor will disappear.) 
One of the normal rabbits was also fed· this· diet, the other normal rabbit was 
fed one gram of octadecyl alcohol in 100 g of feed daily. The results are 
summarized in Table IV. 

After two weeks it was found that the normal rabbit (KP 32) developed 
the Stl3 factor morerapidly than do controls which are fed cholesterol in 
Wesson Oil. The factor of rabbit (AP 9) also was greater. No effect was shown 
on rabbit (KP 31). 

TABLE IV 

Rabbit Feeding Experiments 

Rabbit Sex Sfl3 Wt. (start) Wt. (after 
2 weeks) 

KP 31 M 3390 g 3650 g 
KP 32 F 3970 g 4230 g 
AP9 M + 5135 g 5210 g 
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Since theaaresults are exactly opposite from those hoped for, the 
experiment was stopped. Itwillbe resumed with a long chain, secondary alcohol 
which will be more like cholesterol and less readily oxidized in the body than 
octadecyl alcohol is. 

Chicken Feeding Experiments. A method is being worked on which will 
give separation of the egg yolks into the components phospholipids, cholesterol, 
fatty acids (saturated and unsaturated) and perhaps glycerol. The initial step 
involves extraction with alcohol-ether, followed by precipitation of the phospho
lipids ·using dry acetone. After the precipitation, the residue is hydrolyzed 
with base and the hydrolysis mixture can be worked up for the acids and non
saponifiables. Work is in progress to determine the most efficient method of 
separation. 

In some work which has been done with the first yolk (total activity 
1.2 !J.C) it has been found that both the phospholipid and the sterol fractions 
are active. 

Incorporation of Radioactivity from Sodium·Isobutyrate-3-cl4 in the Rat. 
Oxidation of the cholesterol obtained in this experiment has been carried through 
once. Ten milligrams of the material was diluted to one gram with inactive 
material, acetylated and brominated, and then oxidized with chromic acid. It 
was not possible to obtain any of the acetoxycholenic acid, and 0.5 mg of 
acetoxydehydroandrosterone was obtained as its semicarbazone (m.P. 267-8°; 
lit., 273°). It appears as if half of the very small amounts of material obtained 
these results are open to ~uestion. The degradation is being repeated with the 
bulk of the isolated material in hopes that this will give an une~uivocal result. 

Other Work. Other work being carried out in connection with Medical Physics 
Group includes: 

1. The rate of metabolic oxidation to cl4o2 of glycine-2-c14 given to 
humans (with N. Berlin and J. H. Lawrence). 

2. The metabolism and excretion of stilbamidine-amidine-c~4 in normal 
and cancerous mice (with J. c. Weaver). 

3. The rate of metabolism to c~4o2 in mice of simple organic compounds 
labeled with cl4 (with H. B. Jones). 

This work is described in the UCRL Medical Physics Quarterly Reports. 
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Photosynthesis Chemistry 

M. Calvin, A. Benson, J. Bassh~, M. Goqdman, A. Hall 
H. Lew, V. Lynch, C. Ouellet, W. Stepka, and L. Schou 

The light energy absoroed by chlorophyll during photosynthesis is 
stored by the plant as the chemical free energy of reduced organic substances 
formed from carbon dioxide. The efforts of this group have been primarily di
rected towards the study of phytochemical processes involved in carbon dioxide 
fixation and synthesis of plant material. 

The work described in this report summarizes recent work of this lab
oratory in identification, analysis, degradation of intermediates, normal and 
abnormal metabolism studies, assimilation .of labeled metabolic intermediates 
and comparative biochemistry of carbon dioxide assimilation~ 

The Role of Glycolic Acid in Photosynthesis. The participation of glycolic 
acid in plant metabolism has been considered in the past, but its relationship 
to the intermediates of carbon dioxide reduction has been obscure. Earlier work 
in this laboratory has demonstrated that (1) the first stable product of photo
synthesis is carboxyl-labeled phosphoglyceric acid and (2) that a tremendous 
increase in glycolic acid and glycine content occurs when plants are illuminated 
without carbon dioxide~ The role of glycolic acid in the C1 + 02 carboxylation 
of photosynthesis has then become of major interest. 

Since the precursor of the carboxyl-labeled phosphoglyceric acid should 
be of the· reduction level of acetaldehyde, it is probable that the accumulated 
glycolic acid is either a precursor of the more reduced 02 compound or a result 
of its oxidation. 

It has been shown that labeled glycolic acid appears subsequent to 
carboxyl-labeled compounds in photosynthesis and that in very short photosynthesis 
(1 Sec. Photosynthesis Barley) does not appear at all. Glycolic acid. accumulates 
during aerobic illumination in the absence of carbon dioxide. .It then cannot 
arise from condensation of two ol·compounds directly formed from 002 but is 
probably derived from larger molecules.· Since the compounds identified as 
phosphate esters in radiograms of c14o2 photosynthesis experiments (This lab
oratory; unpublished) have been found to contain derivatives of glycolic acid, 
it is probable that glycolic acid reacts metabolically in a phosphorylated form. 

Current work has shovm a close relationship between glycolic acid and 
the a and ~ carbon atoms of glyceric acid. Thus it has beenfound by degrada
tion of glycolic acid that even in very short periods of photosynthesis with 
cl4o2 (4 Sec. Photosynthesis Barley) the carbojcyl and a carbon atoms of 
glycolic acid and the a and j3 carbon atoms of phosphoglyceric acid are in
variably uniformly labeled with a- small excess of ol4 generally observed in the 
a carbon of the former and the j3 carbon of the latter. This relationship has 
now'been tested by a study of the conversion of the synthetic radioactive gly
colic acids to phosphoglyceric acid during photosynthesis by algae. 

Experimental Procedure. Labeled glycolic acids (either 1- or 2-cl4) 
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were added duriM anaerobic i.llurilination, aerobic· illuiilination and photo
synthesis in cl2o2 by Scenedesmus. Since the absorption of a strong acid such 
as glycolic acid is generally slow at physiological pH values, the experiments 
were performed in dilute phosphate buffer at pH 2,8. It has been observed in 
this laboratory'that photosynthetic ability at low pH (1.5 or less) is neither 
readily nor ir~eversibly destroyed and that the products are apparently normal. 

Feeding experiments, A suspension of one gram of Scenedesmus (Strain n3, 
Gaffron) in a 1 em thick glass vessel containing 50 ml of 0,001 M phosphate buf
fer, pH 2,8 was allowed to photos'ynthesize· in air for 30 minutes-with a light 
intensity of 200 foot candles from hotll sides. A temperature of 2000 was main
tained by use of adequate infrared absorbers. 

Labeled calcium glycolate (4,0 ~c/mg} was decationized with Dowex 50. 
The free acid {3,2 mg, 1:e. 0.0008 !) was added at zero time and the photo
synthesis continue.d for ten minutes~ The cells were then filtered rapidly from 
the solution in the light and killed by pouring hot absolute ethanol on the 
filter. By use of filter aids on a funnel equipped with two receivers and a 
two-way stopcock the killing procedure required 2-5 seconds. The algae were 
re-extracted with hot so· percent' 50 percent and 10 percent ethanol and water. 
The extracts were concentrated and separa-ted by two-dimensional paper chromato
graph. From the amount of cl4 in the alcohol~soluble products of ten minutes 
assimilation in nitrogen at 2000 foot candles, it was calculated that 0.49 mg 
(6,5 x 10-6 moles) of glycolic acid was assimilated in that period. The pro
ducts were observed on radiograms of such chromatograms and were identified 
where necessary by cochromatography with authentic materials. The amount of 
c14 in each of a number of the major products was counted directly on the paper 
and tabulated in Tables Va. and Vb. 

Degradation of Phosphoglyceric acids. The radioactive area corresponding 
to phosphoglyceric acid was eluted from the paper and hydrolyzed for 30 hours 
in 1.0 N hydrochloric acid. The total hydrolysate was chromatographed and the 
resultant glyceric acid spot was co-crystallized with 50 mg of authentic calcium 
glycerate. The fact that the resulting product possessed the calculated 
specific activity serves as added evidence· of identity. Glyceric acid was then 
degraded according to the method as described in previous quarterly reports. 

Degradation of Glycolic Acid. A tracer quantity of cl4 labeled glycolic 
acid, obtained by elution from a paper chromatogram was added to 30.4 mg of 
glycolic acid in three ml of glacial acetic acid in a small flask. The solution 
was frozen, about 0.5 g lead tetracetate was added, and the flask attached through 
a stopcock to a U-tube. The system was evacuated, the stopcock closed and the 
reaction mixture reflu±ed on a water bath at 90°0 for thirty minutes. After 
cooling, the volatile contents of the flask were distilled through the U-tube 
into a second flask containing 80 mg of 2,4 dinitrophenylhydrazine and immersed 
in liquid nitrogen. 

The stopcock was again closed and the second flask warmed until a clear 
yellow solution was obtained. The first flask was replaced by a third.flask 
containing 5 cc concentrated; carbonate-free·, sodium hydroxide solution. Both 
flasks were immersed in liquid nitrogen for a few minutes, the stopcock was 
ope~ed and the system was evacuated. The liquid nitrogen bath was removed from 
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TABLE Va 

Product of Glycolic Acid Assimilation By Scenedesmus 

10 Eun. Light Assimilation 10 Min. Dark Assimilation 

Nz Air Air* Nz+l/2% C02 N2 Air N2+1/2% C02 

Cl4 in Lipids 
cl4 in Insoluble 

120~000 76~000 39~000 48,000 3,000 15,000 19000 

p+otein and carbohydrates 470~000 258,000 113~000 285,000 27,000 30,000 
c14 in Water-Soluble 
products 350~000 460,000 315,000 115,000 100 7000 310,000 81,000 

Total Glycolic 
Acid fixed (in mg) - • 71 .60 .35 .34 .009 .085 

-------------------- --------- --~--- -------- -----

c14 data are expressed in counts (9 dis/count) per minute. 

* Glycolic acid-l-c14 Assimilation. All others are glycolic acid-2-c14 experiments. 

' . 

6 Hr. Dark. 
Assimilation 
N2+1/2% C02 

.J.o,ooo 

210,000 

I 
Ol 
(11 
I 
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Q. 
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1 lO .-. 

!:\) . 
. CH.::; 
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TABLE Vb 

Water Soluble Products of Labeled Glycolic Acid Assimilation by Scenedesmus 

Ten I\llinute Light 
.Assimilation 

Compound N2'~' Air* Air+ 1/tZ% C02+N2'~' 

Phosphoglycerate 26 19 11 
Hexose Phosphates 6.2 6 13 
Triose Phosphates 3.3 2.5 2 
Phospho Pyruvate 6.2 3.9 3 
Sucrose 2.,2 9.5 12 
Polysaccharides 5.7 7.5 13 
Serine 23 8 13 
Glycine 1.4 1.5 2 
Alanine 1.5 3.3 1.5 
Aspartic 5.9 5.5 7.5 

j Glutamic 2.7 8~5 4.5 
Glutamine 0 .7 3 

I Glyceric lc9 3 2 
Citric 1.6 4.5 3.5 
Succinic 1.3 1.8 0 
Unk.Spot under 

Lipids 4.1 10 2 
Malic 7.0 8.5 7 

*Glycolic acid-2-c14 assimilation. 
+Glycolic acid-l-cl4 assimilation 

503 
6.9 
2.9 

16 
18 
32 

2.9 
2.0 
3.1 
2.5 

1.8 

I 
! 

3.6 
; 
I 

3.5 I 
I --

--·-
Ten Minute Dark Six Hour 
Assimilation Dark 

N2'~' Air'~' N2+J/2%C02 N 2 + ]/21~02 * 
---

10 22 17 6 
3 9.4 1.5 _3 .. 

.4 2.8 4 1 
3 6.1 3 

2.0 3 
2 1.5 

37 12 34 3.5 
25 1.7 31 2 

7 3.7 9 9 
6.1 3 

3. 18 2 40 
1 .9 3 
1 5.,8 1 ' 

2.1 2 
2 2.7 ' 3 

15 
2 3.3 1 8 

I 
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the second flask and the volatile contents distilled into the third flask. 
Th~ residue of f'ormaldehyde-2, 4..:.dini trophenylhydrazone in the s·econd flask was 
purified chromatographically on-silicic acid and the specific activity_de
termined. This specific activity, together with the theoretical yield, gives 
the total activity of' the·a carbon atom. The third flask was warmed to room 
temperature, and the solution contained therein yielded, upon addition of' barium 
chloride solution, a precipitate-of' barium carbonate which was washed, dried, 
weighed and counted. The product of' the specific activity of' the barium carbon
ate and the total yield (slightly greater than theoretical due to introduction 
of' inactive carbon dioxide in reagents and manipulation) gives the total activity 
of' the carboxyl carbon of' glycolic acid. 

Results and Discussion. -Dark metabolism of Glycolic Acid. It has been shown 
that glycolic acid is readily metaboiized in the dark by barley leaves. Previous 
work in this laboratory has shown tha~ glycolic acid formed during photosynthesis 
by Chlorella or Scenedesmus is relatively slowly metabolized in the dark. Dark 
fixation experiments with labeled glycolic acids have been performed without 
difficulty due to its oxidation to formic acid. 

The major products of six to ten-minute dark a~similation of glycolic 
acid are glycine and serine. The conversion of labeled glycolic acid to glycine 
has also been observed in barley leaves~ The appearance of labeled serine 
constitutes good evidence for the operation of the Sakami reaction in plant 
tissue. {This reaction has also been observed in this laboratory in Scenedesmus 
which have been fed glycine-1 or 2-cl4.) Conversion to- serine is appreciably 
faster in the light than in the dark where both amino acids appear in like amounts 
and the ratio of serine to glycine varied from uii.ity to 1.5 in ten experiments. 
No relationship between the nature of anaerobic flushing gas mixtures and the 
serine-glycine ratio was observed. However, -in air the ratio of serine to 
glycine increases to 3. An appreciable synthesis of sucrose, phosphoglyceric 
acid and polysaccharide occurs in 10 min. dark air assimilation. Apparently, 
some energy is derived from-oxidation of glycolic acid and used for carbohydrate 
synthesis. Some fat synthesis was also observed. 

The further metabolic products of glycine, serine and glycolic acid were 
observed in radiograms of 30-minute to 6 hour dark assimilation experiments 
with glycolic acid-2-cl4. The soluble products f'or.med during 6 .hours dark 
assimilation of this compound include large amounts of glutamic, succinic, fum
aric, malic and citric acids; thus considerable oxidation through the tricarboxylic 
acid cycle may have occurred. This me·tabolic course appears similar to that 
observed in similar experiments with Scenedesmus which have been fed glycine-
2-cl4 in the dark for long periods. Since flushing with inert carbon dioxide 
does not affect these results, exchange of cl4o2 arising from oxidation of the 
substrate, into the tricarboxylic acid cycle is not likely. The possibility 
should be pointed out that a-02 compound of the reduction level of' glycolic acid 
{glycine) may be condensed through reversible reactions .to a C4 compound and enter 
the tricarboxylic acid cycle as oxalacetate. Otherwise, it must be further re
duced to react as acetate in this cycle. 

Metabolism of Glycolic Acid-2-cl4 in the Light. The products of assimila
tion of labeled glycolic acid for ten minute and longer periods of illumination 
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were studied and f'ound generally similar to the-products of photosynthesis with 
cl4o2. As in the carbon dioxide reduction, glycolic acid is converted to cell 
material (protein, polysaccharides) and large amounts of' fats. The radioactivity 
in the various reservoirs of' soluble products corresponded to that observed 
when cl4o2 is assimilated at this high pH. 

The conversion of glycolic -acid-2-Cl4 t6- serine was observed in the light 
as well as in the dark and was independent of' oxygen or carbon dioxide partial 
pressures during the experiment. In all cases the ratio of serine to free gly-
cine was very high (10-20). · 

The radioactivity in glutamic acid, -which may be taken as a measure of' 
respiration of' labeled intermediates via the tricarboxylic acid cycle, was the 
same in the air as in nitrogen. With added carbon dioxide (1/2 percent) in 
nitrogen, little glutamic acid was observed. 

When the algae were flushed with inactive C02 prior to ardduring the 
glycolic acid assimilation, serine, sucrose and polysaccharide(containing glu~ 
cose) reservoirs accumulated -the largest fraction of: radioactivity. At the same 
time, radioactivity in phosphate esters was greatly diminished. This can be 
attributed to the more rapid ·photosynthesis in the presence of' C02 resulting 
in a lower cl4content-of the intermediates (phosphate esters). The sucrose 
reservoir, which is much larger, rapidly acqui:res a greater total of radio
activity, although the specific activity is low. 

In experiments without added carbon dioxide photosynthesis can be ex
pected to occur at a slower rate:- In air the natural C02 concentration was 
sufficient to allow a moderate acctimulat~on of activity in the sucrose reservoir. 
In nitrogen without added carbon dioxide, a much smaller amount of sucrose was 
formed. Radioactivity in the phosphate-- compoUn.ds, intermediate in sucrose 
synthesis was inversely affected. With· dilil.inished dilution by added _carbon di
oxide the specific activity of these small reservoirs increased and their 
relative radioactivities probably represents a measure of dilution of assimilated 
glycolic acid by carbon dioxide. 

In the low carbon dioxide pressure experiments (air and N2) an amount of 
labeled phosphoglyceric acid, large- compared to that of normal photosynthesis 
was observed. The significance of' this observation may well lie in the effect 
of pH or C02 concentration upon the reservoir sizes. The phosphoglyceric acid 
of the aerobic experiment was degraded-and the results are tabulated in Table Vr. 

Metabolism of Glycolic-Aeid-l-014-inthe Light. An identical experiment 
was performed in air with glycolic acid-l-cl4. ·. The distribution of cl4 in the 
products were strikingly similar to that observed in. the aerobic glycolic acid-
2-cl4 assimilation. This means that both radiomers were probably assimilated as 
02 compounds and wer·e not broken. down and assimilated as cl4o2 or Hcl4ooH. In 
such a case, one might expect serious dilution of cl4o2 by simultaneous sweeping 
with air and a low level of cl4 fixation which was not observed. The phospho- · 
glyceric acid obtained in this experiment was degraded and the results are 
tabulated in Table VI. 

Degradation Results. The accumulation of cl4 in approximately equal amounts 
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TABLE VI 

Degradation Results 

4 Sec. PS . . 10- MirC -PS -. 10 Min. Ps; .. 
-·.· . . 0 ... 

Barley 
cl4o2 

Scenedesmus, Air 
cl4H20H-COOH 

Scenedesmus, N2 
cl4H20H-COOH 

51 100 100 
49 ' 0 0 

6.e 49. 48 
6.5 56 

87 8.6 17.2 

Percentages given in terms of measured 
starting activity ... 

10 Min. PS 
Scenedesmus, Air 

CH20H-cl4ooH 

0 
100 

29 
24 
46 



.. 

UCRL-923 

-70-

in the a: and jj carbon atoms of phosphoglyceric acid during photosynthesis has 
been observed when glycolic acid is the labeled substrate. In Table VI it is 
seen that radioactivity of a and-~ carbon atoms iil both cases are approximately 
equal. The somewhat higher c·l4 content of the ~ carbon has usually been ob
served in degradations performed in this laboratory and recently both Gibbs 
and Aronoff have found sifuilar distribution. The cl4 appearing in the carboxyl 
group can be assumed due to~ partial oxidation of the substrate or decarboxyla
tion of an intermediate which results in cl4o2 fixation by the c2 carbon dioxide 
acceptor. 

Although it is possible that the equal a and ~ labeling in C3 compounds 
may ar~se in a number of complex-ways,- it seems. apparent that" some symmetrical 
intermediate or compound existing in rapid equilibrium with an intermediate 
lies between glycolic acid and the C2 carbon dioxide acceptor molecule. The 
number of such possibilities is limited and the efforts of this laboratory are· 
directed towards the identification of such compounds. 

The Isolation and Identification of- a Naturally Occuring Phosphorylated Glycolic 
Acid. The appearance of large amounts of glycolic acid in plants has not been 
universally observed because of the ubiquitous oxidative enzyme system investi
gated by Tolbert and Burris (J~ Biol. Chem., 1949). However, when plants are 
rapidly killed the_enzyme is destroyed before the glycolic acid and it may be 
readily observed in cl4 radiograms. 

Malt phosphatase preparations have been of great value in allowing 
separation of compounds which -are difficultly -separable in the phosphorylated 
form. This enzyme has been used to hydrolyze a number of chromatographically 
purified phosphates and in many cases glycolic acid was observed as a minor 
product. It is known from our previous experience that phosphoglyceric acid 
and probably phosphoglycolic acid-are strongly adsorbed during paper chromato
graphy and streak badly when very small amounts are involved. Hence, obtaining 
separation of the naturally occurring -small quantities of such a phosphate will 
require cochromatography with synthetic glycolic acid phosphate. Synthesis and 
ion exchange resin adsorption properties of this compound are in progress. 

Fermentation of Glucose and Fructose by Lactobacillus casei. A method of 
fermenting the microgram quantities of sugar obtained from plant extracts 
by paper chromatography has,beendevelciped~ The sugars are obtained by water 
elution from the paper in a volume of 100 to 200 ~1. To this solution is added 
50 mm.3 of Lactobacillus casei cells (11 to 16 hour cultures). The mixture is 
incubated at 370C for•lO minutes and then placed directly on filter paper and 
chromatographed. The first solvent, water saturated phenol, extracts ·all of the 
radioactivity from the cells.· The second solvent used is butanol-propionic 
acid-water. A radioautograph of the chromat-ogram shows ·the location of the lactic 
acid, the amount of sugar not converted to lactic acid and the presence, if any 
of other non-volatile compounds formed during the fermentation. The lactic 
acid is then eluted, mixed with non-radioactive zinc lactate and after crystalla
tion, degraded chemically. 

Control experiments have shown that all ·of the glucose is fermented 
within five minutes. Only faint traces of any compound other than lactic acid 



.... 

UCRL-923 

-71-

are seen on the chromatograms~ Traces ()f glyceric acid are found and one or 
two compounds are barely detectable in the phosphate.region. The chromatograms 
of products from glucose in contact with the cells for 5 and 75 minutes were 
identical. Therefore~ the lactic acid is not converted in-to other compounds 
when in contact with the cells nor is it incorporated into cell material. 

Carbon Dioxide Fixation by Microorganisms. The survey of the various carbon 
dioxide fixation reaction by living organisms was continued. 

Cell suspensions of eight microorganisms were exposed to radioactive 
carbon dioxide for 40 minutes. The cells were· then killed with 80 percent 
ethanol and the soluble extract chromatographed on paper. The distribution of 
activity found by counting the chromatograms is shown in the following Table VII. 

The majority of radioactive compounds formed by Tetrahymena, Hansenula, 
Blastocladia and Allomyces could be formed by reversal of the decarboxylations of 
the tricarboxyli~ acid cycle. Clostridium kluyverii, which grows on the two r' 

carbon compounds, ethanol and acetic acid, was found to fix 78 percent of the 
activity in alanine and very little in four and five carbon compounds. This 
indicates that the carbon dioxide :!hay oe fixed by a C2 • CJ.: addition. ~
bacter agilis fixes 54 percent·· of the activity in compounds which .appear to be 
polysaccharides. Acid hydrolysis yields glucose .but not fructose. The two 
anaerobic bacteria, Clostridium thermoacetic'ilrn and Butyribacterium rettgerii, 
which are known to fix. carbon dioxide in both carbons of acetic acid fixed very 
little activity in identified non-volatile compounds. The same compound which 
has a slightly greater Rf value in both water saturated phenol and in butanol
propionic acid-water is formed by both organisms. Identification of this com
po~d is now in progress. 

Inhibitors" Studies on the effect of iodacetamide on the path of carbon in 
photosynthesis have been continued. Chlorella cells were harvested and then 
resuspended in buffer solution containing the desired concentration of poison. 
Following contact with the poison for a pre-determined period of time, the 
cells were centrifuged free of the poison. -The packed cells were again re-

. suspended and the suspension transferred into an exposure vessel of. large 
capacity. The cell suspension.thus formed a thin layer over the bottom of the 
vessel. The vessel was supported on a diffusing screen over a water-cooled light 
source. The light intensity at the surface of the exposure vessel was 3400 
foot candles. · 

An adaptation period of 15 min. with 4 percent C02 in air bubbling through 
the suspension was allowed the cells for recovery from the manipulative pro
cedures. Then at time zero cl4o2 in the form of NaHC1462 was introduced and the 
system was closed. Aliquot· portions were withdrawn at 0~ 5, 1, 2, 4, 6, 8 and 
10 min. intervals. Each 100 ml ali(]_uot contaii:ting 1 ml of packed cells was 
rapidly transferred into 500 ml of absolute alcohol at liquid air temperature·. 
When the alcoholic suspensions reached room temperature each was made up to 
definite volume; aliquots were taken for counting of total activity fixed. 
Filtration removed cell de-bris. This residue was extracted twice more with 
30 percent ethanol. The filtrates were combined, inade to a known volume from. 
which plates were made for counting the activity in the soluble fraction. The 
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TABLE VII 

Percent of Total Soluble Activity Fixed .in Each Compound 
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E-ibO iXlP-t <G ctl O+l iXl H . 

Alanine 4 12 1 2 4 78 
Succinic 65 26 4 4 
Fumaric 1 2 5 2 
Malic 8 6 15 6 1 1 10 
Aspartic 4 24 30 25 1 5 2 4 
Glutamic 13 25 29 14 8 2 6 4 •. 
Glycine 2 1 2 
Citric 4 1 2 3 
Lactic 2 18 
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activity fixed in the insoluble fraction was obtained by difference ("total activity 
fixed .. activity in soluble friiction). ~The filtrates containing the soluble 
activity were concentrated to S.mall volume· and aliquots representing equal vol
umes of cells were applied to papers for two-dimensional chromatography. The 
chromatograms were then exposed to x-ray film for radioautography. 

A control series without pretreatment with poison was run on another 
batch of cells :f'rom the same population .• - Samples were collected at 1, 2, 4, 6~ 

8 and 15 min. intervals after the administration of NaHcl4o2. The 15 min. 
aliquot was chosen to check whether or not 002 became limiting during the course 
of the experiment. Since-·this --point still-·fell on the straight line curve when 
total activity f'ixed'was plot-ted against time, it is evident that C02 did not 
become a limiting factor in the ccurse of' either experiment. 

In contrast to expectations, the activity vs. -time curve for the poisoned 
cells did not form a straight line. It coincided with the control curve up to 
2 min., and then showed ~ increasing percentage of' inhibition for the 4, 6, 8 and 
10 min. aliquots (10, 20~ 23 and 27 percent respectively). This effect is not 
explicable on the basis of' current knowledge about the mode of' act ion of' iodo
acetamide which has been reported to be irreversible. An explanation may be 
forthcoming when a complete analysis of the activity distribution among the vari
ous compounds is available. 

Both series showed a rapid and equal incorporation of' radioactivity into 
the insoluble fraction. Thus, in 30 seconds the control incorporated about 25 
percent of the fixed activity into insolubles. In 1 minute the insolubles of' 
both control and poisoned cells contained 30 percent of' the fixed activity. The 
smooth, almost coincident curves levelled off' in 10 min. with 65 percent of the 
fixed activity in the insolubles. 

An attempt ihas made to charact-erize the compounds in the insoluble frac
tion. For this purpose the insoluble residues were hydrolyzed with a mixture of' 
hydrochloric and formic acids in sealed tubes at 100oc. Under the conditions 
of' hydrolysis a large-fraction of' the activity was converted to_ volatile pro
ducts~ presumably resulting from decomposition of' polysaccharides under the 
drastic conditions of' hydrolysis. 

The hydrolysates were prepared for chromatography by removal of' excess 
acid and concentration to small volume. Aliquots representing equal weights 
of' residue were applied to papers for two-dimensional chromatographs. Calcula
tions indicate that the activity prescent in the largest permissible aliquots 
for sharp chromatograms will necessitate an exposure to x-ray film in excess 
of' a month. ·- Exposure to film is in progress. 

Effect Of' pH on Dark Assimilation of oo2 • _ The study of' pH effects reported 
earlier is being extended to the dark assimilation of' carbon dioxide. In each 
experiment, 20 :ml samples containing 0.2gram Scenedesmus in M/300 pho'sphate 
buffer were left in the dark for 30 minutes. Thes,e were inj ectad with 70 ;\. 
NaHC14o3 (0.16 J..LC per i\) and allowed a period of' 80 minutes dark aerobic assimila
tion. They were then killed and extracted with 80 percent ethanol. The activity 
fixed at pH 1.6 and pH l0.3was of the order oflo;ooo counts per minute per 
gram of wet cells, about one third as much as at neutrality. The main differences 
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brought out by the first chromatograms are seen in the following Table VIII. 

TABLE VIII 

pH Effects in Dark Assimilation 

Succinic acid 
Citric acid 
Fats 
Others 

pH 4.3 

7% 
10% 
15% 
68% 

pH 10.3 

23% 
3% 
O% 

74% 

The other compounds which show appreciable activity are malic, aspartic, 
glutamic and-fumaric acids and alanine. Their quantities are not signifi
cantly affected by the pH difference. This constancy is remarkable in the case 
of malic acid, which varies considerably with the pH in--photosynthetic fixa
tion. The large increase in labeled succinic acid in the alkaline medium may 
be related to the fact that succinic dehydrogenase has an optimum activity at 
pH 9. 

Experiments with Spinach Sap~ Although it-is known that fractions of disinte
grated cells do not fix appreciable amotints of co2, the abortive fixation of 
traces by some isolated enzymatic process still· remains a possibility. Freshly 
extracted spinach sap has been investigated for such an effect. In a typical 
experimentv 100 JJ.l of a solution of NaHcl4oa (0.16-!J.c--per !J.l) were injected to 
a 10 cc aqueous extract of sap from 3-grams of spinach leaf ground under liquid 
air and freed of cell fragments and chloroplasts by filtration. One-half cc 
of toluene was added to the extract to prevent the growth of bacteria. Plates 
made at intervals, and treated with hydrochloric acid indicated a gradual 
fixation of cl4o2 which reached, after about two hours, a final value of the 
order of 3,000 counts per minute per gram of original leaf tissue. This 
corresponds to 7 x 10-6 cc of gaseous co2 fixed per gram of leaf~ or roughly,· 
one ten-thousandth of the quantity of C02 injected. Such an effect is at least 
several hundred times smaller than the usual fixation by photosynthesis. Effects 
of the same order of magnitude were found whether the spinach leaf was pre
illuminated in sunshine or kept three days in a dark room. -No fixation by 
sap was detected when cl4 was added three hours after extraction. · On the chromato
grams ho activity was found in the usual assimilatory intermediates. It seemed 
to be confined entirely to products of polysaccharide nature. This seems to 
preclude the possibility that this was an ordinary fixation carried out by some 
intact cells which passed through the filters. However, the sap retained· a pink 
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yellowish color and possibly contained some grana. Further experiments will 
be necessary to establish the reality· and nature of this slow and weak fixation. 

Ion Exchange Separation of Phosphate- Este-rs.· A mixture of 7.38 mg of 3-phospho
glyceric acid, 8.07 mg of glucose-6-phosphate and 6.75 mg of fructose diphosphate, 
all as Ba salts were placed on a Dow A-1 {trimethylamine-styrene) resin 35 em 
long and 0.3 em~ x sectional area. In addition, approximately 236,000 counts/min
from the phosphate area of a Barl~y 60 Second Photosynthesis chromatogram was 
added. 

The eluti·on took place with 0.05 NH+, 0.15 ! Na+ and 0.2 ! Cl- as the 
eluting agent at a flow rate of 0.105 cc7min. Each cut was 0.4.ml. The result 
is shown __ in Fig. 1.- - Coui:its/mlii aD.d -also the coii.certtrat ion in micrograms of 
phosphorus determined calorimetrically were measUred. 

The appearance of the unknown between glucose-6-P and 3-phosphoglyceric 
acid can be attributed to the glucose-6-P, since the micrograms of phosphorus 
fro.in the two peaks {glucose-6-P and the unknown) add up to the total phosphorus 
from the glucose-6-phosphate originally added. The recovery of phosphoglyceric 
acid and fructose diphosphate was 100 percent as was the recovery of radioactivitY. 
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II Q,U.ARTERLY PROGRESS REPORT. Project 48B 

W. ~ M. Latimer, Director 

A. Metals and High Temperature Thermodynamics 
I 

UCRL-923 

L. A. Bromley, Raleigh McKisson, G. Elliott, Russell Edwards 
Aian Searcy, Alexander Lindsay, Norman LeRoy, James Robbers, Donald Hanson 

Vapor Pressure Determinations. Thirteen measurements have been made of the vapor 
pressure of germanium between 1560 and.l900D!c by the Knudsen effusion method. 
Additional blank runs were made a11d x-ray and spectrographic analysis of the 
materials collected w~re undertaken to establish the experimental validity of 
the measurements. Germanium does not deposit on the platinum collectors as the 
known germanium metal-phase. The collectors are heated to about soo<>rc and at 
this temperature the ser.manium apparently reacts with the platinum. Germanium 
can be collected on quartz as the known metal germanium phase. 

An exploratory determin~tion of the vapor pressure of boron indicates 
that the vapor pressure of B at 19000K is approximately 3 x l0-5 atmospheres-
considerably lower than previously estimated. 

Gaseous Hydroxide Species of Mo and ·W. Equipment has been modified and is 
operating satisfactorily. The various species _are )lOt yet positively identified 
and further runs with Mo will be necessary. Analytical difficulties are probably 
corrected. · 

Liquid Metal Systems. The method of investigation of the Na~U=Bi ternary phase 
diagram. by use of the high temperature x.:.ray ca.m.6ra :t:or location of primary 
phase crystalliz~tion regions has been applied at two different compositions. 
At 26 percent Na~ 16 percen.t U, 58 percent Bi (atomic) in an argon-filled, 
sealed quartz capillary~ only one solid phase was found to be inequilibrium with 
the liquid at 277°0 and at 47700 ~ Previous cooling· curves at this composition 
had shown no indication of a liquidus temperature above about 420°C. An attempt 
to see· if the solid ·phase exLsted as high as ·993oc failed due to oxidation which 
was apparent from the U02 x.,;,ray-speetriimobserved. ·It is presumed that this re
sulted from attack on the quartz and possibly also from leakage· thereby pl'o~ 
duced. The· solid phase at 2'770=47?0C has been tentatively indexed on the tetra
gonal lattice but as yet is not identifiable with any of the known phases ex
isting iii the related binary diagrams. The compositionNaBi severely attacked 
the quartz capillary at-435°C. Further-work will be done in the region of the 
first test in order to find out if the oxidation might not be due perhaps to 
imperfectly sealed capillaries. 

A supply of No. 50 mesh NaBi has been prepared for the continuation of 
this project. 

Report UCRL~688 which described_ in detail the new high temperature calori
meter has been issuedo The calorimeter is designed for use in the interval 6000K 
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to 1500<1c. This calorimeter consists of a thermostat ·of molten tin surrounding 
a cavity in which the sample is placed~ The calorimeter is resistance heated 
and control of the thermostat temperature to ± l/2oo- is effected by means of 
a modified "single-speed" floating control. Equations which allow calculation 
of the data are derived and-their use explained. 

Report UORL-689 which summarizes the heats of formation of the sodium-tin 
compounds with the new high temperature calorimeter has been issued, The values 
found for the heats of formation of the liquid alloys at 880~ per gram atom of 

·alloy are 

~Hf· kcal/gram atom of alloy 
.. 800 

NaSn -4.80 ± 0.14 
Na1 1of5Sn . -4.86 ± 0.04 
Na2Sn -4.03 ± 0.08 

In addition to these results a curve of ~flt800 vs. mole fraction of 
sodium is presented. 

Themal Conductivity-of-Ga-ses.; "Measurement-s on the thermal conductivity of the 
following pairs- of gases ha:ve -~-een ·.rii8:de-~:a2.:.N2, 'H2-C02; H2-A, He-A, N2~NH3 and 
H2-NH3. .The results indicate that some convection does occur in the unsteady 
state system used. There also appears to- be some radiation to C02 and NH3. 
However when corrections are inade for these errors the results agree fairly well 
with the theory" which has 'be:en developed (UORL--461). A report is being written, 

Heat Trans:f'er iii Forced Oo.rivectionFil.m. Boiling-; The equipment is in operation. 
Data have been taken for the film b-Oiling of ethyl alcohol velocities up to 
6 ft/sec, Modifications are·'being made to extend the data to higher velocities. 
A theory is under development to explain the heat transfer coefficients in this 
type of boiling.- The heat transfer is much higher than in natural convection 
film boiling. Much mor,e heat is transferred on the leading face of a tube than 
_on the back half of the tube, which is different from what one would expect 
from forced convection without boiling, 
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B. Basic Chemistry;;· Including Metal Chelates · 

R. E. Connick, K. L. Mattern, z. z. Hugus, William Jolly, Frank Owings 

Lanthanum Chemistry" The experimental work oii the complexing of lanthanum ion 
by various anions has been completed and the results will be issued as a report 
in the. near future. The ·method used was to measure the shift of the equilibrium 

La+3 + HK = LaK++ + H+ 

(where HK represents thenolytrifluoracetone) as a function of the concentration 
of the comRlexing anion. The-complexing ability-of Cl-, No3-, so4=, CH3coo-, 
SCN-, 0204- and other ions was determined in this manner. 

In the course of the above work the molar extinction coefficient of LaK++ 
was found to be 2.31 x 104. 

The equilibrium constant for acetate complexing has the following value 
in 1 M sodium perchlorate solution: 

K = 
(LaAc++) 
(La+3) (Ac-) = 13 

o 

Electron Exchange Rate Between Fe3+ and Fe2+. Preliminary experiments with 
Dowex-50 resin (150~300 mesh) and Fe3+, Fe2+ solutions have shown that equilibrium 
is approached quite rapidly; within 5 minutes for a system of 10 grams of resin · 
per liter of stock solution (0 o 01 M Fe3+, 0 o 01 M Fe2+) which was made 1.8 M in 
HCl04. . 

A_method for accomplishing 
treatment with resin was davised~ 
porosity filter funnel,- and 35 ml 
vac~um in less than 4 seconds. R 
o. 77 after treatment. 

a quick change in the ratio R = Fe3+/Fe2+ by 
Ten grams of resin were placed in a coarse 

of the stock solution was pulled through under 
changed from 1.2 before resin treatment, to 

The above method of resin treatment was applied to 35 ml of stock solution 
to which was added 0 05 rol of-Fe59 tracer solu:don ( "" 0.01 M Fe (0104 )3). The 
Y-activity of the Fe~9 was determined by counting 2 ml aliquots directly in a 
scintillation co~ter at N4 percent geometry. Complete exchange was calculated 
to have occurred' in 30 seconds. · 

Dodson's method of complexing the Fe2+ with a-a 9 dipyridyl~ followed by 
precipitation of the Fe3+ with NH40H and separation by filtration, was tried 
with a solution 0.001 Min both Fe3+ and Fe2+, and 0.4 Min HCl04. The Y-activ
ity was determined as above. Eighty percent exchange was observed in "'20 sees., 
which is consistent with his results. 

It was therefore decided to repeat the resin method at much lower con
centrations: 5 x lo-4 M in both Fe3+ and Fe2+, and 0.4 M in HCl04 • This 
necessitated turning to a spectrophotometric analysis for iron. A method has 
been evolved and tested for determining (Fe3+) directly at_2390R, and (Fe2+) 
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by·oxidation6f Fe2+ wifh H2b2 with subsequent deteririination.of ~-Fe. A 
Beckman quartz spectrophotometer is used for the analyses. Beer's Law holds, 
and the molar extinction coefficient is 4.21 x 103. 

Extensive treatment of the resin (sieving, conversion with HCl, washing 
with HCl04, and finally- washing and--decantation from conductivity water) was found 
necessary to obtain a reproducible blank for the analytical method employed. 

Experiments using the resin method at these lower iron concentrations will 
'be completed shortly. 

Thermodynamics of Germanium. At present, emphasis is being placed on the determina
tion of the standard potential of the germanous-germanic couple: 

Both calorimetric and cell measurements are being made in an attempt to evaluate 
this oxidation potential. Germanous iodide is being used as a reference material 
for the +2 oxidation state of germ~ium. 

The calorimetric measurements are not·· straightforward, inasmuch as Gei2 
is quite insoluble in water and perchloric acid solutions •. The heat of oxidation 
of Gei2 to Ge{IV) iii 4 M HCl has b~en measured; but before the desired e.m.f •. 
can be estimated, it wilrbe necessary_ to measure both the free energy of solution 
of Gei2 and the /). H for the process 

Ge(IV) (4 M HCl) = H2Ge03(aq) 

Rough ~alues for these quantities have been obtained, and it appears that the 
germanous-germanic couple has an e.m.f. of around o.o volts. 

It is hoped that cell measurements_will permit an evaluation of the 
e.m.f. for the couple 

Prel1minary work along this line has been started. 

The~modynamics of Rhenium. Potential measurements are in progress on the cell 
HgfHgO/Ba(OH) ·8H20 (sat' d)/Ba.MD.04/Mn02/Ft., using different preparations of 
BaMn04 and Mn02. By combining these data with various other free energy data, 
it should be possible to give a consistent potential diagram for the oxidation 
states-of manganese in non~complexing solutions. 

A series of potential measurements is being made on the cells 
Hg/HgO/KOH(m), KRe04 (m)/Re02/Pt. If successful these data will give the poten
tial of the Re02 - Reo4- couple. 

H202 is satisfactory for the quantitative oxidation of Reo3 to Reo4- and 
will be used for the calorimetric determination of the heat of the VI-VII 
.rhenium couple. 
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Several calorimetric runs have beeil-in.ade on the oxidation.of Re02 to 
Reo4= ~sing chlorine water in a sodium fluoride solution. In_every case the 
reaction was incomplete; however, a ~ew analytical technique should made this 
fact unimportant. · 
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