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A DEVICE FOR MEASURING THE ABSORPTION SPECTRA
OF SUSPENSIONS OF MICROORGANISMS

Kazuo Shibata

Absorption spectra of suspensions of microorganisms are of consid-
erable interest in a wide variety of biological experiments. Although many
measurements are reported, they generally suffer from serious broadening
of the absorption bands and lack of fine-structure definition. The difficulty
lies in the great light scattering by the cell suspension.

In determining the absorbance of suspensions, the transmitted light

~is usually measured without consideration as to whether it represents all or

a certain part of the light emerging from the suspension. Let us consider

two extreme cases, namely (1) that in which all transmitted light passing through

the suspension is caught in the measuring procedure, and (2) that in which

only that part of the transmitted light that proceeds in the same direction as

the incident light is measured. We shall designate these two kinds of trans-

mitted light by ""total transmitted light" and "specularly transmitted light, "

and the corresponding absorbance by ''total absorbance' (E ) and ""specular

absorbance' (E_}, respectively. Naturally, E_ and Eg have different physical

implications. §pecu1ar1y transmitted light is composed almost entirely of

the light that does not hit the cells in suspension, because the refractive index

of the cells of microorganisms is different from the refractive index of the

medium. Therefore, specular absorbance will not change markedly with change

of wave length with each cell in the suspension behaving as a black body of

the light. On the other hand, total absorbance will change with change of wave

length of light, depending on the spectroscopic property of each cell in the

suspension, because total transmitted light contains all light transmitted through

the suspension (the light refracted, reflected, and scattered by cells, and

also specularly transmitted light, other than the kight absorbed in the cells).
Eg can be measured by using the device recently reported by Rose, !

in which only that fraction of transmitted light going thr,tOugh a long path with

a small slit was caught by the detector. To measure E{, we considered using

a light detector with a sufficiently large window to observe all scattered light,

but such a device is not easily available. The purpose of this paper is to de-

scribe a new technique, which enables us to measure E; very simply and to

demonstrate that the spectrum of the suspension of microorganisms measured

by E; gives sharp absorption bands with detailed structures. The resulting

1. H. F. Rose, Nature 169, 287 (1952).
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spectrum may be considered to be an intermediate value between E; and Eg,
depending on the optical arrangement of the instrument used.

‘Method

The principle of the method is illustrated in Fig. 1. The sample and
blank cell compartments are both provided -- on the sides that transmit light --
with opal glass (A in Fig. 1), which scatters all the light before it leaves the
cell compartments. If the two lots of scattered light from the opal glasses
attached to solvent and:rsuspension cells have the same angular distribution
functions (irrespective of whether or not light is scattered in the cell compart-
ments), the intensities of light from the two opal glasses must be proportional
to the incident light and the total transmitted light with the same proportional
constant. We can therefore measure Et, provided that the diameters of the’
windows of the detectors for solvent and for suspension, and also the distances
between the cell and the detector, are kept identical. 2

: The opal glass used for the visible region is a commercially made
one, one side of which is coated opalescently. The opalescent side is attached
‘to the cell compartment. For the ultraviolet regmnp an opalescent quartz
plate,, which contains many 1ongy small bubblesp is used. The measurements
were made by a Cary automatic recording spectrophotometer (Model 11} using
a l cm quartz cell compartment. The positions of cells for solvent and sus-
pension are carefully adjusted to make the distances between cell and detector
the same for both cells.

Results and Discussion

The data obtained by this device are shown in Fig 2, in which curve.
A is the absorptlon spectrum w1thout opal glass and B is the spectrum with
opal glass, using the same suspension of algae, Chlorella, for both experi-
ments. For comparison, the same concentration of the suspension of Chlorella
was extracted with ethanol by heatmg and was diluted to twice the volume of
the original. The abosrption spectrum of this extract is shown by C in Fig. 2.

As will be seen from these data, curve B shows much more detail
of the absorption spectrum of Chlorella and is similar to the absorption spec-
trum of the extract, while on curve A we can only detect the existence of the
main bands of chlorophyll Furthermore, without opal glass we cannot esti-
mate the exact position of the main peak, because the peak is on a slope caused
by the scattering. From the data obtained with opal glass, we can discuss
the difference between the positions of the absorption band in vivo and in vitro.
The shift of the chlorophyll band in the red region was estimated to be 13 mp
(665 mp in vitro -» 678 mu in vivo). A similar attempt to get clear absorption
spectra of the suspensions of microorganisms was made recently by Barer,
et al. by adding protein to the suspensions in order to adjust the refractive
1nd_'x of the medium to be the same as the refractive index of the cells in

2. A brief illustration of this method was reported by the author in ""Algal
Culture, From Laboratory to Pilot Plant,' Carnegie Institution of Wash-
ington Publication 600, 1953, p. 219, in which the purpose of this tech-

. nique was to get the average total absorbance in the visible region, using
filters in place of the monochromater.

3. R. Barer, K. F. A. Ross, and S. Tkaczyk, Nature 171, 720 (1953).
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suspension. Following this idea, the absorption spectra of the same sample
of Chlorella were measured by adding egg albumin to the suspension up to

a concentration of 50%. The spectrum obtained was found to be improved over
curve A, but was less sharp than the spectrum with opal glass (curve B).

THE PHOTORADIOSCOPE
Elton M. Baker and Melvin Calvin

Various methods have been devised for detecting the positions of
small quantities of chemical compounds on chromatographic papers. One
of the most valuable has been the use of tracer quantities of radioactive
chemicals, which could be detected with thin-window G-M tubes. A more
valuable method is that of exposing X-ray film by plating the chromatographic
paper containing the radioactive chemicals in direct contact with the film so
that the film is exposed by the radiation from the disintegrating atoms. When .
small quantities of chemicals labeled with C 14 are used, the absorption of
the beta particles by the paper and film before they can affect the silver par-
ticles in the emulsion may necessitate the use of exposure times of up to six
or eight weeks, depending on the activity of the radioactive spot on the paper.

In order to overcome the extremely long time needed for the detection
of most of the activity, which is usually present only in very small quantities,
the following method was proposed and eventually tried.

Description of the Instrument

Essentially, the detection involves the scanning of the chromatographic
paper with a small G-M tube. The paper is held firmly on a rotating drum
which is turned by means of a controlled dc motor with variable speed. Ten
G-M tubes are spaced at egual intervals from one another so that when the
drum (which also moves parallelito its shaft) is turned, a distance equal to
the diameter of a masked section of the G-M tube is scanned on each revolu-
tion. The entire paper is covered in eleven complete revolutions of the drum.

The recording part of the photoradioscope is a drum identical to the
one containing the chromatographic paper, but it is enclosed in a lighttight
box so that an X-ray photographic film can be placed on the drum. The X-
ray film is then exposed by means of the light from a small gas-filled bulb
that lights up when the G-M tubes ""'see' radioactivity. The filmzholding drum
progresses in the same manner as the drum containing the radioactive paper.
The results is an exposed film indicating activity in the same relative position
as it would appear in if the film were placed directly on the paper (See Figs.

3 and 4).

When the apparatus is in operation, the G-M tube detects the activity
and an amplifier (Fig. 5) makes the pulse from the tube large enough to cause
the gas-filled bulb to flash., The light inténsity may be adjusted so that, if
necessary, one flash will expose the film. However, it is desirable to have
only a slight effect with one flash; then background due to cosmic radiation
will not be recorded, but several disintegrations appearing at close intervals
of time will cause a spot to appear on the film. The ability of the system to
function is strongly affected by the sensitivity of the G-M tubes to the activity
and by the regulation of the intensity of the light produced by the gas-filled
bulb.
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Fig. 4 Exposure by means of the photoradioscope.
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Discussion

In a preliminary experiment it has been found that the use of argon-
filled light bulbs causes an excessive exposure of the film, and therefore gives
considerable background on the film. Even so, the increased opacity of areas
receiving a greater number of flashes of light corresponding to areas of high
activity on the chromatographic paper is easily detected. The time for obtain-
ing an exposed film of a single test paper is decreased to approximately one
tenth when an argon-filled (rather than a neon-filled) bulb is used. This is
not a complete and adequate test, because the scanning is carried out with
the drum turning at the maximum speed of the machine, resulting in a com-
plete coverage of the paper in 55 minutes. In all probability, the film could
be exposed in 10 minutes if the motor speed were to be increases. This will
be tried in the future. '

Because the light from the argon bulbs is essentially in the blue and
violet spectrum, and normal silver halide film is most sensitive to that region,
it was proposed that neon-filled light bulbs be used instead of argon-filled
bulbs. This change seems to decrease the amount of light to which the film
is sensitive by a factor of more than five, and requires a longer time of ex-
posure, which is accomplished by reducing the speed of the rotating drum.

In this manner the background is eliminated; if the light is decreased too much,
however, extremely low activity cannot be detected.

One reason why the neon bulb, if it can be made to work, is a better
~source of exposing light than the argon bulb is that (because film is less sen-
sitive to red) the light intensity may be adjusted to as to operate above the
minimum working point. This lower limit of working intensity is determined
by the potential needed to discharge through the gas. With argon gas, even
at the minimum potential, more light is available for film exposure than is
desirable, as can be observed from an examination of Figs. 3 and 4.

METABOLIC RATE STUDIES
Bert M. Tolbert, Martha Kirk and Elton M. Baker

Several years ago this group determined the curves for the C14OZ
specific activity vs. time of a number of radioactive compounds given to small
animals. This was a slow and time-consuming work: the air exhaled by the
animals was passed through bubblers of sodium hydroxide solution, and the
carbonate so formed was precipitated as BaCl403, filtered, dried, weighed,
and counted on aluminum plates.

About two years ago this procedure was replaced by use of a contin-
vous-flow uint in which the air exhaled by the animal was passed directly through
an ionization chamber, and the resultant electrical current, after amplification
by a vibrating-reed electrometer, was recorded by a continuous recording
potentiometer. This procedure is fast and accurate; but the curves of total
activity excreted in the breath vs. time are not very smooth, since more than
100% variation can be observed in short periods of time, depending on whether
the animal is active or sleeping. Thus it is difficult to obtain precise results
on half-time excretion rates.
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To overcome this problem a more extensive instrument has been
devised, and preliminary tests have given very favorable results. The new
instrument consists of (1) an ionization chamber and electrometer, as before,
to measure C!4 in the breath, {2) a Liston-Becker infrared as analyzer to
measure the CO,, and (3) a ratio recorder wh1ch lots the C activity, the
CO, concentration, and the specific activity of Cl or C! /COZ The ratio
recorder was obtained by rewiring a standard LﬁN multlple -channel Speedo-
max recorder, so that the potential represented by the CO, would be impressed
on the slide wire at the time of the ratio measurement (mstead of a standard
10 mv as the instrument normally operates). With the C 14 potential applied
in the normal fashion through the null servo-mechanism, the ratio of C14/CO>
is immediately obtained. The following is an example of the procedure.

(¢4 = 4 mv T
) (CO ))6" 6 mv : . (CO,) = J(cl4) = 4 mv
Standard Q Standard S Servo——- ¢
- i v mv
10 mv . { Servo L 10 mv 2
, ' <<—fServo[————
\ ) 2 | M 2
reads 6.0 reads 4.0 : reads 0.667
= CO, A = cl4 | = cl4/co,

It is necessary in a system such as this to adjust the time constants
for response of the two instruments so they are comparable. This is presently
being done. '

Ourpreliminary results indicate that the specific act1v1ty curve of
the CO, exhaled by a rat is remarkably smooth, and that it is not greatly in-
fluenced by the over-all metabohc rate.

CALORIMETRIC DOSIMETRY FOR IONIZING RADIATION
' Rdbert M. Noller

In our studies of irradiation chemistry, we have been irradiating
organic samples with the beam from a linear electron accelerator. One dif-
ficulty with this apparatus has been that the amount of energy delivered to
the sample is not known, the uncertainty being perhaps as large as a factor
of two, and possibly more. It was felt that some variety of calorimetric method
would best serve our purposes, as it would be more likely to give absolute
values. In addition to knowing how much radiation our samples have received,
we would be in a position to make conpansons with the effects of other types
of radiation, such as Co y’ rays and C 14 B-rays. Therefore, an attempt
has been made to develop a calorimetric device that will allow us to determine
the energy delivered to the sample

An irradiation cell with a sample volume of about 2.4 ml was con-
structed, with a cooling jacket of 3.5 ml capacity surrounding it. If the flow
rate and the specific heat of the coolant are known, then the difference in
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temperature of the coolant between the inlet and outlet sides of the jacket should
be a function of the amount of energy expended in the volume between the de-
vices used to measure the temperature difference.

. Water was used as the coolant, and iron-constantan thermocouples
as ‘the temperature sensing elements. With a thermoregulator on the coolant
reserv01r and a 0-1 mv recorder for measuring the temperature difference,
it 'was found that, with a flow rate of 11 ml/min and a powez:input (heating coil)
of 3. 2 watts, the temperature difference as measured by the recorder was
0 15 £ 0.02 mv. The electron beam will deliver about 109 r/hr or 2.6 watts
‘per gram per second to a sample placed in its path.

To galn some idea of what accuracy is requ1red let us assume that
50% of the beam ener gy is expended in the sample. Then, for an accuracy
of 10% and an energy dissipation rate corresponding to/AT = 0,15 mv, the
readings with and without the sample must be stable to 5% or + 0.003 mv.
Qur instrument is by no means this stable, the variation seeming to be some-
what inherent in the instrument rather than being a function of the power in-
put, Also; it is quite probable that less than 50% of the beam energy would
be expended in the sample. These factors combine to require that readings
. be stabl_e and readable to much better than + 0.003 mv.

- ", With the present system it would not be possible to increase the sta-

, ’b111ty w1thout great increase in size and clumsiness of the apparatus. However,
it may yet be that, with a different physical system and different temperature-
~sensing elements, a more accurate and stable system can be developed.

TRANSIENTS IN PHOTOSYNTHETIC SYSTEMS
Alex Wilson

: - The sen51t1v1ty of the rad10chromatograph1c method allows observation
6f the fluctuations in the concentrations in metabolic intermediates that result
when the external conditions are changed. This approach is being exploited
in this laboratory to further our understanding of photosynthesis and metabolic
processes in general It represents an extension of our earlier examination
of the kinetics of C!4 accumulation in the intermediates during steady-state
photosynthesis.

Initial results of this method have been reported for changes in light
and CO;, pressure. These results are being extended by more carefully con-
~trolled experiments. Only recent observations of the results of CO, pressure
changes are being discussed in this report.

“ An apparatus capable of measuring CO; pressure and C1402 has been
constructed (UCRL-2179, Aprill3, 1953). A suspensmn of Scenedesmus (1%)
was allowed 45 min photosynthesis with 1% C14OZ in which to saturate the inter-
“mediates of carbohydrate synthesis and obtain a radiochemical steady state
in this portion of its function. Carbon dioxide pressure was suddenly changed
from 1% to 0.003% by switching circulating-gas reservoirs, and the results
were obtained from radiograms of extracts of samples taken at 5 sec. inter-
va.ls
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The reservoir sizes for phosphoglycerate, the carboxylation product,
and for ribulose diphosphate, the CO2-acceptor molecule, are plotted in Fig. 6.
Our early observation that pho sphoglycerate concentration drops and ribulose
diphosphate concentration rises when CO) pressure is lowered is extended
to show the opposite effect when the CO), pressure is restored to 1%. These
results are in accord with our present point of view that ribulose diphosphate
is carboxylated to give 2 molecules of phosphoglycerate (AF = -1 to -5 kcal).

The striking characteristic of these results is the reality of the ob-
served oscillations in concentrations. Such oscillations would be expected
in an electrical or hydrodynamic analog to the cycle of Fig. 6. Only now has
the analytical method been sufficiently reliable to demonstrate the reality of
such oscillations. Observation by Kautsky and Hirsch* of oscillations of this
frequency in chlorophyll fluorescence suggest a relationship of CO;, reduction
intermediates to energy transfer; the relation has been investigated by Strehler
and Arnold at Oak Ridge National Laboratory. The relationship of these oscil-
lations is similar to that observed by van der Veen#** for CO; assimilation
" by photosynthesizing leaves. Rapid measurement of CO), uptake by algae is
not as practical as for the leaves and in van der Veen's experiments, and re-
liable analyses of phosphorylated intermediates in leaves are not yet available.
The implication of these oscillations in CO) fixation is under discussion in
this laboratory. It is expected that the results will be of importance in choos-
ing between several alternative mechanisms for the regeneration of the CO)
acceptor of photosynthesis.

IDENTIFICATION OF MANNOHEPTULOSE PHOSPHATE
IN AVOCADO LEAVES

Arnold S. Nordal

Mannoheptulose is a predominant sugar in avocado fruit and has been
isolated in good yield from avocado leaves in this laboratory. This result:
suggested the probable existence of mannoheptulose-7-phosphate. Now man-
noheptulose phsophate has been demonstrated for the first time as a constit-
uent of green plants, and the following method has been developed for its de-
tection.

The hexose phosphate areas of chromatograms from short-time photo-
synthetic experiments with avocado leaves were cut out, eluted, and phospha-
tased, and the products were rechromatographed in phenol and butanol-pro-
pionic acid solvents. Comparative experiments showed that glucose and man-
noheptulose cochromatograph in a variety of solvents. The '"glucose spot"
was therefore cut out and eluted, and the two sugars were separated by means
of the following solvent: n-butanol (4:ml), 95% ethanol (1.1 ml), borate buffer
(1.9 ml). The composition of the borate buffer was: HpO (200 ml),
Nap;B407-10 H>O (1.25 g), H3BO3 (0.25 g). Preequilibration of the papers
was found to be important for obtaining good separation.

*H. Kautsky and A. Hirsch, Naturwissenchaften 19, 964 (1931) (cf. E. Katz
in '""Photosynthesis in Plants, " Jowa State College Press, Ames, lowa, 1949).
*¥%R. van der Veen, P. Plant. 2, 287 (1949).
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In the solvent descrlbed above,7 glucose (RG = 1) had a higher Ry value
than mannoheptulose, which again had a higher Ry value than sedoheptulose,
The relative amounts of glucose and mannoheptulose in the glucose spot from
ab- ‘minute'photosynthetic experiment were found to be 1:8. Since glucose
formed the main part of the mixture, and since mannoheptulose (especially
by overloading of the paper) had a tendency to tail in the borate buffer, it was
found desirable to remove the glucose from'the sugar mixture béfore chroma-
tography. This was done in the following way: To a phosphatased extract
amounting to about 0.5 ml ,((in a centrifuge tube) was added 5 mg of CaCO3,
and the mixture was heated in a boiling water bath for 5 min and then cooled
to about 35°C. To this mixture was added 0.1 ml of a vigorously fermenting
baker's yeast suspension;in:2%iglucose solution, plus a pea-sized lump of
fresh baker's yeast. The yeast and the CaCO3 were thoroughly mixed with
the aqueous extract and kept in a thermostat for 48 hours, during which time
the contents of the centr1fuge tube were shaken several times to keep the yeast
and the CaCOj in suspension.

The fermented mxiture was diluted with 4 parts 95% alcohol and centri-
fuged. After removal of the supernatant liquid the residue was eashed 3 or
4 times by suspension and centrifugation with 1 ml 80% alcohol. The combined
extracts were evaporated to 0.5 ml in Ny -atmosphere. By means of this pro-
cedure about 90% of the glucose content was removed from the extract, whereas
mannoheptulose was found to be unaffected.

STUDIES ON THE BIOSYNTHESIS OF Cl4-LABELED SEDOHEPTULOSE
IN SEDUM SPECTABILE

Arnold S. Nordal

A rather extensive investigation on the influence of ecological factors
- (atmospheric conditions, growth mediums, light and dark periods, etc.) on
the biosynthesis of sedoheptulose in sedum has been made. It could be shown
that there exists a clese relationship between the. biosynthesis of free sucrose,
glucose and fructose, on‘the one hand, and friee sedoheptulose, on the other,
in such a way that the amount of free sedoheptulose gradually increases at

the same time as the amount of the above- ment1oned free sugars goes down.

Sedoheptulose accumulates in the root of the sedums like sucrose and
is easily transferred from one part of the plant to the other. Sedoheptulose
represents a very stable constituent in the sedums. It is formed gradually and
is very slowly metabolized. The amount of free sedoheptulose in the plant is
little influenced by light and dark periods--in contrast to sucrose and the free
hexoses. The biosynthesis and metabolism of the sugar are greatly influenced
by such factors as growth medium and atmospheric conditions. The sugar
seems to requue the presence of oxygen to be metabohzed '

It is tentatlvely concluded tha.t free sedoheptulose is derived from
phosphatase action upon its phosphate. Free:glucose and fructose, on the
other hand, may be largely formed by invertase action on sucrose. Thus,
the very slow exchange between free and phsophorylated sedoheptulose may
be a characteristic phsophatase activity of the intact plant. Since sedoheptulose
is slowly formed at the expense of sucrose, glucose and fructose, it appears
that phosphorylatmn of hexoses as well as sedoheptulose-phosphatase hydrolysis
are the rate-determining steps in synthesis of the free heptulose.
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EV'IIRLONMENTAL EFFECTS ON GROWTH OF ALGAE
' R. Clinton Fuller and Dan F. Bradley

In order to define the physiological state of Scenedesmus and Chlor-

ella, we have recently undertaken the measurement of culture density RC )

and relative chlorophyll content {RCC) of growing cultures that have been used
in photosynthetic experiments. Since established culture conditions did not
give consistently reproducible values of the CD and RCC values, techniques
for -controlling the CO, partial pressure, culture harvest, nutrient volume,
nutrient composition and pH, sterilization time, and age of culture at harvest
were refined. Phase of growth of culture, light intensity, temperature and
'pH changes during growth were found to be sufficiently well controlled with
prevmusly established culture conditions.

.The effect of the controlled variation of incident-light intensity upon
'Scenedesmus has been the subject of the first 1nvest1gat1on For example,,
reducmg the incident-light intensity by 58% results in an increase in RCC from
0.7 te.0.9 mg chla/cc packed cells x 10-1 and a decrease in CD from 2.5 mm3
cells/nmil culture to 0.13 in a period of 5 days. Returning the culture to the
original light intensity resulted in a transient drop in RCC to 0.5 in 24 hours.
After a period of 5 days under these conditions the CD returned to 2.5 but
the. RCC rose to a constant value of 0.9. It is uncertain whether low light
intensity directly stimulates chlorophyll synthems or selects cells with a hlgher
rate of chlorophyll synthesis preexisting in the population.

CHEMISTRY AND BIOCHEMISTRY OF RIBULOSE DIPHOSPHATE
J. Rodney Quayle

Radioactive ribulose diphosphate in quantities of the order of ca.

1 mg has been obtained by flushing with nitrogen, just prior to killing, a sus-
pension of algae, which have been photosynthesized with C140,. The alcohol-
water extract of the algae is chromatographed as a continuous stripe on What-
man No. 4 paper, using phenol-water solvent. Similar quantities of unlabeled
ribulose diphosphate have been obtained from nitrogen-flushed, photosynthe-
sizing algae; marker spots of labeled diphosphate were used to locate the po-
sition of the unlabeled compound.

‘Chemical Properties

Hydrolysis of the radioactive diphosphate in dilute acid has been
studied, and this does not appear to be a.straightforward hydrolysis to ribulose-
5-phosphate, as might be expected ynder the conditions used. . A mixture of
unchanged ribulose diphosphate, tibulose monophosphate(s), ribulose, and
breakdown products is formed. This unegpected behavior may possible be
ascribed to the noncyclic structure of ribulose-1:5-diphosphate, with the pos-
sibility of phosphate migration to the 4-position followed by cyclization to a
phosphate ester of ribulo-furanose.

Enzymatic Carboxylation of Ribulose Diphosphate

: Cell-free extracts of Chlorella have been formed by subjecting sus-
pensions of the algae to high-frequency oscillations at 1-52C for 5 min. The
enzymatic activity of the resulting extract with respect to radioactive ribulose
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diphosphate has been tested. The latter compound, when incubated in the ex-
tract for 1 hour at 379C, decomposed to a mixture of alanine, sedoheptulose,
phosphoglyceric acid and ribulose monophosphate. It has been esitablished

that the extract transforms phosphoglyceric acid to alanine. Tests of the
Cl40, -fixing ability of this extract with, and without, added ribulose diphosphate
are being made

STUDIES ON ADENINE METABOLISM
Edwa_rd L-, Bennett and Barbara Krueckel

Durmg the perlod covered by this report we have continued our in-
vest1gatlons on the incorporation of adenine into nucleotides, RNA, and DNA
in C57 male m1ce, with particular emphasis on the metabolism of the = -
adenine-4, 6-Cl4 shortly after administration. As discussed in the previous
quarterly report (UCRL-2455, September-November, 1953), the soluble frac-
tions have been concentrated and partially purified by adsorption on Darco
G-60. Subsequently, the adsorbed material has been eluted with pyridine-
water and freeze-dried. The residue was then chromatographed two-dimen-
sionally on washed Whatman No. 4 filter paper with butanol-propionic acid-
water and then propanol-ammonia-water. By appropriate choice of the volume
of solvent used, both those compounds with relatively high R¢ (presumably
nonphosphorylated) and those with an R¢ less than 5-AMP can be adequately
separated.  Radioautographs have indicated as many as 10 to 15 acid-soluble
compounds are formed after the administration of adenine-4,6-C 14, However,
the nonphosphorylated compounds are in general radidly eliminated and rep-
resent only a small fraction of the total acid-soluble radioactive compounds
present after 24 hours. Among the phosphorylated radioactive compounds
present (i.e., R; equal to or less than 5-AMP in the solvent systems employed)
are ADP, ATP, DPN, and isosinic acid, and--as minor constituents--several
derivatives of guanylic acid. The spécific activity of the adenine in the above
adenine -containing compounds is being determined as a function of the time
after administration, in order to determine the rate of equilibration of radio-
activity among the various adenine-containing compounds. We have also found
evidence of phosphorylated (nonradioactive) derivatives of uridylic acid, and
in the past several months the presence of these compounds from several sources
has also been reported by others. No evidence has been found for the occur-
rence of mixed dinucleotides (i.e., a compound composed of adenylic and
guanylic acid), which might serve as intermediates in nucleic acid synthesis.
If such compounds are present in these tissues, they must occur in amounts
too small to detect by the methods we have employed.

In addition to the studies summarized above on the soluble nucleotide
fraction, a comparison has been made of the specific activity in the. DNA and
RNA of the small mtestme, carcass, liver; and kidney at 1/2 hour, 2 hours,
and 24 hours after injection of adenine-4, 6- 014 in a duplicate series of mice .
in order to obtain some knowledge of the reproduc1b111ty of the experiments
in regard to incorporation of the adenine into these constituents as well as .
analytical errors involved. In general, -the specific activities for the corre-
spondmg fractions agreed satlsfactorlly (within 20%), and duplicate analyses
of a given fractlon agreed within 5-10%.

Work is contmmng on the analysea of the soluble nucleotide fractions,
as well as further. stud1es on the ademne incorporation into DNA and RNA and
its subsequent renewal
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THE RESPIRATORY METABOLISM OF FATTY ACIDS
BY PANTOTHENIC ACID-DEFICIENT RATS

Ann M. Hughes

As a concluding group of data on fatty acid metabolism in pantothemc .
acid-deficient (PAD) rats, the metabolism to C1402 of sodium acetate-2- cl4
plus CoA by control animals has been measured Such a series of experiments
has been done with sodium heptanoate-7-C 14 put no comparable results had
‘been obtained with sodium acetate-2-Cl4, It is interesting to note that there
is a marked difference in the oxidation rate of these two labeled compounds.

. While data were being obtalned for the control rats, as mentioned above, the
experlments on acetate-2-Cl4 metabolism to C1402 by PAD rats were repeated
using litter-mates of the controls, in an effort to increase the precision of

the experiments.

The apparatus used to make the radioactivity excretion measurements .
has been previously described (UCRL-2257, June 25, 1953). It consists of
a simple flow system carrying the air from a small animal cage through an
ionization chamber. The potential of the chamber is amplified by a vibrating-
reed electrometer and recorded on a continuous potentiometer recorder.
The resulting curve is analyzed to 4§1ve the percent of the dose excreted as
a function of time. The dose of Cl14H3COONa was 2 mg (about 10 uc); that of
CoA was 4 mg. Both compounds were given intraperitoneally.

The results obtained with C14H3COONa with and without CoA are shown
in Figs. 7 and 8, For the purpose of comparison, the data for Cl H3((CH2)5COONa )
(previously reported) are included (Fig. 9). The total amount of Cl140;, recovered
from the breath in a 7-hour period after the injection of C14H3COONa was
almost 10% higher for PAD rats than control rats. The injection of CoA with
AC14H3COONa in PAD rats depressed the Cl O production to approximately
the level of control animals given Cl H3C00Na alone; while the same experi-
ment with control rats depressed C-*0; production almost 10% further.

The results obtained after injection of CI4H3(ICH2))5COONa were quite
different. PAD and control rats responded essentially the same to the injection
of the heptanoate. The added injection of CoA depressed the C 40 production
by PAD rats 10%, by control rats only 3%. These differences are tabulated
in Table I.

Table 1

Total Recovery of 0140 after Injection of Labeled Compounds
(in percent of injected dose)

Ac etate : Heptanoate
Alone +CoA ‘ Alone +CoA
PAD 87.07 81.09 79.49 70.08

. Control 78.84 71.18 79..39 76.56
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SYNTHESIS OF
TRIMETHYL Cl -3-HYDROXYPROPYL AMMONIUM CHLOR][DE

Doris Chin and Richard M., Lemmon

The synthesis of trimethyl-Ci4-3—hyd:roxypropyl ammonium chloride
was undertaken in order to prepare a sample for radiation degradation study.
Preliminary work was directed toward the preparation of dimethzlpropanol
amine so that the radioactivity could be introduced as mei:hyl-Ci1 iodide in
the reaction of these two compounds to form the desired product, but these
experlments have been unsuccessful to date. Since only a limited amount of
the product is needed, it seemed more practical to use a method that g1ves
a poor y1e1d but which is a reliable means of synthesis. This method is sum-
marized in the following reactions:

(CH,;) N
3 14 Ag,0 14 120°

‘G HI————-—?(C H3) Nlt————)((C H) NOH—/>

3

Cl GH, CH, CH, OH N
;) N 7[c1-13» N CH, CH, CH, OH]' c1”
), .

(ct4u

Yield from methyl-C4 iodide to trimethyl-C!4 amine hydrochloride was 26%
and to trimethyl-C14-propanol ammonium chloride, about 12%.

'Trimethyl-C14 amine was prepared by reacting methyl-C)’14 iodide
(8 mc in 88 mmoles) with a slight excess of inactive trimethyl amine in aqueous
solution. The resulting compound, tetramethyl ammonium iodide, was sub-
‘jected to Hofmann degradation by dissolving in water, treating with silver
oxide, filtering off the precipitate and boiling the filtrate to dryness. The
distillate from this filtrate was bubbled through an aqueous solution contain-
ing excess hydrochloric acid. When the acid solution was evaporated to dry-
ness the trimethyl amine was obtained as the hydrochloride salt. This yellow-
ish product was purified by dissolving in 0.1 N hydrochloric acid solution and
continuously extracting with ether overnight.” The dried product was still
slightly yellow and very hygroscopic.

Because of its hygroscopic nature the total weight and specific activity
of the trimethyl-C'* amine hydrochloride were determined by the isotope dilu-
tion method, using two dilutions. The total product was dissolved in 100 cc
of water, and aliquot portions were added to weighed quantities of 1nact1ve
trimethyl amine hydrochloride in ethanol solution. The trimethyl- -Cl4 amine
picrate derivative was prepared and plated from aqueous solution, and its
specific activity was determined From these data the total weight and the
specific activity of the original trimethyl-C 14 amine hydrochloride were cal-
culated. . B

Trimethyl-Cl4 amine (29 pc in 19 mmoles) was generated from its
hydrochloride salt by treatment with sodium hydroxide in aqueous solution.
The free amine was collected in a liquid-nitrogen trap and then distilled under
vacuum into an equimolar amount of 3-chloropropanol in 50% aqueous solution.
This mixture was shaken overnight in a sealed container and then continuously
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extracted with ether for sixteen hours to remove unreacted chloropropanol.

The aqueous layer was evaporated to dryness under high vacuum. The prod-
uct, trimethylpropanol ammonium chloride, was dissolved in a minimum a-
mount of ethanol and then precipitated with dioxane, (Optimum volume ratio

of dioxane to ethanol was 2 to 1.) The product was further purified by repre-
cipitation in the same manner. Since this material was extremely hygroscopic,
the last traces of solvent were removed under vacuum and the dried product
was stored over Drierite.

Although the extent of radiation degradation can be measured by means
of'the labeled methyl carbon, it is of interest to check these results by an
independent analytical method. Spectrophotometric analysis of pure trimethyl-
propanol ammonium chloride as the Reineckate salt was possible by the pro-
cedure described by Glick for choline chloride analysis (J. Biol. Chem. 156,
643 (1944)). Before this method can be applied to radiation degradation studies,
it must be modified to prevent the interference of amines produced during
the degradation, such as trimethyl amine and perhaps dimethyl amine alcohol.
These amines will also form insoluble Reineckate salts in neutral solution,
but there is indication that only the quaternary ammonium bases will form
insoluble Reineckate salts in solutions of pH 12 to 13. Further experiments
will check the accuracy of this method with mixtures containing known quan-
tities of the quaternary ammonium base and the other amines..

PREPARATION OF B-CAROTENE-15,15'-Co*

Richard M. Lemmon

In collaboration with the University of California Department of Food
Technology ﬁProfessor G. Mackinney and Mr. Clinton Chichester), a prepa-
ration of Cl4-labeled all- trans p-carotene has been carrled out. The reactions
involved in this preparation are the following:

~H,0 '
Ba C14O3 Ba metal Ba C 2 ) HC 14 _ C14H Li CH 14 _ C14Li
liq. NH3 :
CH : CH
ke L 2o ractt = M
—CHZ-QH-C-CH-—CH—CH-—C-CHO
liq. NH
019 aldehyde (from Inhoffen)
| CH; B3 L . LiC/H,
-CHZ-CH=C -CH=CH-CH=C-CH-C "=C H—Li acetyhde salt
Li
C,, aldehyde

19

N
7
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’ 3 I3 3
cHZ-CH=é-cH=c:H-'CH=c—CH—cl4scl4-cl:H-é=CH-CH=CH-J:=CH-CH2

H OH )

Y CH CH CH CH3 l

| CH; -©-so.20H- H,0

CH CH CH, CH,
[ 2 T3 1414 3 I
~GH=CH-C=CH-CH=CH-C=CH-G *2C¢'*.CH=C-CH=CH-CH=C-CH=CH

dehydro-B-carotene -

dark

mono-cis B-carotene

hv
J4
' C.l4 .

all-trans f-carotene-15,15' _0124

The Cl4-1abeled acetylene was prepared following the procedure of
Monat, Robbins and Ronzio (AECU-672, March 16, 1950). Seven millicuries
of BaCl4O3 (in 4 mmoles) were converted by this procedure into acetylene
with a yield which was probably greater than 90%. (The yield of the radioactive
preparation was not determined, but several preparations with yields from
90-98% were carried out with unlabeled materials. )

The labeled acetylene was converted into its lithium salt by absorption
into a solution of lithium in liquid ammonia, and this salt was then reacted
with the Cj9 aldehyde; this aldehyde was supplied by Professor H. H. Inhoffen
of the Technische Hochschule, Braunschweig, Germany. The resultant

~



-26- UCRL-2531

acetylenic alcohol was converted to its lithium salt by reacting it with lithium
phynyl, and this salt was reacted with a second molecule of the Ciq aldehyde
to give a C4g-dihydroxy carotene analog. This compound was dehydrated by
boiling with toluene sulfonic acid to give dehydro B-carotene. The triple bond
of the dehydro-f-carotene was partially reduced to a double bond by hydrogen-
ation over a lead-poisoned palladium catalyst. The resultant mono-cis f-carotene
was then converted to all-trans B-carotene by photoisomerization, and the
all-trans p-carotene was separated and purified by column chromatography.
The over-all yield of the labeled product from BaCl 03, on the basis of the
radioactivity, was 2.0%. The over-all yield on the basis of the weight of all-
trans B-caroten¢ was also 2.0%.

A PREPARATION OF 5, 7-DITHIOLHEPTANOIC ACID

Patricia T. Adams

For the purpose of studying the chemical and biochemical behavior
of thioctic acid analogs, a preparation of 5, 7-dithiolheptanoic acid is under
way. p-Tetrahydrofurylpropionic acid has been prepared on a two-mole scale
by the following method. Furfural and ethyl acetate were condensed by the
use of sodium, to form ethyl B-furylacrylate in 60% yield. High-pressure
hydrogenation over Raney nickel gave ethyl p-tetrahydrofurylpropionate, which
was hydrolyzed in base to give a 60% yield of B-tetrahydrofurylpropionic acid.

Upon treatment with hydrobromic acid and concentrated sulfuric acid,
the tetrahydrofurylpropionic acid forms y-{3-bromopropyl)-butyrolactone.
Subsequent treatment with hydrobromic acid and thiourea, followed by mild
alkaline hydrolysis, forms 4, 7-dithiolheptanoic acid. However, under treat-
ment with acid and heat, lactones are known to undergo ring expansion and
‘contraction. The desired 5, 7-substituted heptanoic acid would require, for
its synthetic precursor, &§-(Z-bromoethyl)-butyrolactone. Since this compound
is a 6-membered ring and presumably a favored configuration, it should be
possible to find conditions of acid hydrolysis that would favor the maximum
production of the desired isomer. In a preliminary experiment, a product
consisting of 30-40% of the 5, 7-tithiol, 55-60% of the 4, 7-dithiol, and small
amounts of 3, 7-dithiol was isolated. Current investigations are directed toward
f1nd1ng ‘optimum cond1t1ons for producing the maximum percentage of the 5, 7-
isomer,.

THE EFFECT OF HEPARIN ON THE METABOLIC OXIDATION
OF ACETATE-2-C!4 IN GUINEA PIGS

Martha Kirk

In earlier progress reports from this group, experiments on the
metabolism of fatty acids in rats and mice have been outlined. This work
has now been extended to the guinea pig, both because of the general interest
and because it has been shown that these animals may be made atherosclerotic
(Altschul, Am. Heart Journal 40, 401 (1950)). Heparin, which seems to have
an effect on atherosclerosis, has also been given to some of the animals.
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Experimental

Male guinea pigs were 1nJected mtraperltoneally with 0.2 ml of a
solution of sodium acetate-2-Cl4 (10 mg/mil, 50 pc Cl /rnl) in isotomic saline.
Breath Cl402 was determined by the continuous-flow ion-chamber system
described in previous reports. Air flow rates were 100 cc/min, and the gas
was passed through 125 cc ion chambers. When both acetate-2- cl4 and heparin
were injected; the heaprin was administered intraperitoneally by a separate
injection. . Each animal received 0.1 ml heparin sodium solution (Lederle),
which contalned 100 mg heparin/ml. Several determinations were made on
each animal with a week or longer between injections. Guinea pigs weighed
approximately 200 g at the time of the first determinations, but had grown
to more than 500 g by the time the experiment was finished. The results of
a number of experiments in which acetate and heparin were injected simulta-
neously (one injection) were seemingly erratic and unreliable, probably be-
cause radioactivity dosage was more difficult to control.

Re sults

One of the most marked differences between the breath. 0140 curves
for guinea pigs and those for rats and mice is that the former are in general
quite smooth and easy to integrate; furthermore, the rates did not change ap-
preciably as the animal grew. Table I summarizes the results obtained.

Table 1
Radioactivity in Cl40, of Guinea Pigs After Injection of Acetate-2-Cl4
Total % of Radioactivity Recovered
.Time After Acetate-Z—("JlfL : Acetate-2-Cl4 + 10 mg. Heparin
Injection (Av. of 6) ~ (Av. of 3)
20 min. 6.43% 5.69%
1 hour -32.48 ' 29.97
2 hours 55.22 53.12
4 hours 70.07 . 68. 69
7 hours 75.96 _ 75.11
Conclusions

The average recovery of 76% of the injected activity from guinea pigs
in 7 hours may be compared with 58% from normal rabbits and more than 80%
from rats. The difference of 18 -20% between rabbits and guinea pigs occurs
during the first 2 hours after injection; during the next 5 hours the oxidation
rates are very comparable. Hepa.r:m had little or no apparent effect on the
oxidation rate of acetate-2-Cl4 to C 4O in these guinea pigs..
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LIVER COENZYME A IN NORMAL AND
PANTOTHENIC ACID-DEFICIENT RATS -

Martha Kirk

Earlier reports have been made on the differences in fatty acid
metabolism between normal and pantothenic acid-deficient (PAD) rats, with
and without injected CoA, but no report of the CoA content of the livers of
these animals has been made. Therefore a number of normal and PAD rats
(some of whom had received 6 mg CoA by intravenous injection 1 hour before)
were sacrificed by decapitation and the livers were removed and assayed for
CoA colorimetrically (E. R. Stadtman, L. Novelli, and F. Lipman, J. Biol.
Chem. 191, 365 (1951)) with the results shown in Table I.

"Table 1

CoA in Rat Livers

Units CoA/g Wet Liver

Normal Rats Normal Rats + CoA ‘ PAD Rats PAD Rats + CoA
221 178 140 119
197 75 158
173 ' 71 162
164 122 . 180
Average , '
189 178 102 , 155

Although the above results vary widely from liver to liver in the same
classification, they are typical of what one might expect from such animals. -
"Degree'' of pantothenic acid deficiency is rather difficult to define, and rats

with the most pronounced physical signs of deficiency did not always have the
lowest liver CoA values.
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. NUCLEAR CHEMISTRY
G. T. Seaborg and I. Perlman

ELECTRON CAPTURE IN THALLIUM-204
‘ Harold Jaffe )

Continuing the study of the X-rays associated with the decay of
shielded nuclei, we have investigated the 4-year T1204, several authors,
by various means, have concluded that K X-rays of the. electron capture
daughter (Hg) are present in 1-2% abundance.

A sample of T1204 was obtainéd from the Oak Ridge.National Labo-
ratory and examined with the bent-crystal spectrometer. The following mer-
cury K series lines were identified:

Line " Transition Observed energy Accepted ‘Relative
(kev) energy © intensity
(kev)
HgKa, K-L3 o 68,79 £0.27 68.90
HgKaj K-L, ‘ 70.93 £ 0.19 70.83 2

N\

Aside.from very weak indications of the mercury Kp group, no other
electromagnetic radiation was observed.

Small samples of 11204 were 4w counted and then examined on the
50-channel gamma-ray analyzer. The K X-ray peak was observed at 72 kev
with an intensity of 1. 67 £ 0.1% relative to the 4w count. (The 59. 6-kev line
of Am24l was used as an energy and intensity standard.) When this flgure
is corrected for a 95% K fluorescence yield, the percentage K capture in T1204
is 1.76 £ 0.1.

. When these samples were examined with a proportional counter the
L X-ray multiplet was observed. Corrected with a weighted L fluorescence
yield of 0.30 based on . Kinsey's estimates, the total number of L vacancies
is 1.8% per disintegration. When this value 1s corrected for the L vacancies
due to K X-rays, the K/L capture ratio of T1204 j5 3,

NUCLEAR STUDIES
Robert J. Carr and James W. Cobble

Plutonium 2 38

In continuation of the program on_the study of the competition of fis-
sion and spallation in the heavy elements, 1 exc:1tat10n functions are to be de-
termined with 20-to 50-Mev alpha particles on Pu 238 1f sufficient Pu238 js

. R. A. Glass, J. W. Cobble, and G. T. Seaborg, University of Callforxua_
Radiation Laboratory Report UCRL-2455.
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available, fission cross sections w111 also be determined. The Pu?38 ig being
made by neutron irradiation of Np237 in the MTR at Arco.

1m1nary values already obtained on small amounts, of a
u?38, 239 240 242 mixture indicate that the y1e1d of a given spallation product
at these energies is not only dependent upon the Z 2 /A of the parent cornpound
nucleus, but also upon 1ts odd even characterlstlcs .

Uranium 235,238 (K. Chapman, B. Foreman, James W, Cobble)

Y1elds of neptunmm 1sotopes formed 1n the stacked-foil 11nac proton
bombardments are being measured along with the fission-yield curves to ex-
tend the fission- spallatmn stud1es to lower values of Z.

‘Thormm 232 (Mary J LaSalle, James W Cobble)

Proton exmtation functlons are to be deterrnmed on ”I‘h232 by the
stacked- f01l technique-to evaluate the (p, xn) and (p, fission) reaction cross
sections. This'work will ‘extend and calibrate the qualitative values for these
cross sections. already reported by Tewes and James, 2 and permit determination
of absolute values for the total f1551on cross sectlons by determ1n1ng Bal40

_y1elds alone... - s B '

, Prehmlnary bombardments have demonstrated that there is very
little angular d1spers1on of the 32-Mev beam as: it is degraded as low as 9

CMev. L T

Plutonivim 230 (‘Rioh'ard A"'- " Glas's,‘vaames.'W Cobble)

The spallat1on flss1on cross section for 20 to 40-Mev alpha particles
~on nearly pure Pu?39 have been completed and are being issued as a separate
report (thesis}.

LATTICE CONSTANTS OF POTASSIUM THlOSEMlICARBOZlDO
DITHIOCARBONATE, AND PHAST STUDIES ON KHF,
| Michael E. Senko
S S ' ‘ ' :
KSCNHNHCNH, (Potassium thiosemicarbozido dithiocarbonate)

: This compound was prepared by Dr. E. Scott; its space group was
determined to be either Pbc2 or Pbcm.

H

a 6 y = 90°
as 9795:0022

" 5=9.66+0.02 8 -
8.26 +0.02 K.

Lattice constants:

(TR

There are four molecules per unit cell.

2. H.-A. _TeWes‘ahd_-R;‘;';Ag' Ja;rn.e»s, vPhys.." 'Re_“v;,‘ 88, 860 (1952).
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CH3;SCNHNHC NH, (Methyl thiosemicarbozido dithiocarbonate)

This compound was also prepared-by Dr. E. Scott. Work is now
in progress on a similar space group determination. ‘

KHF, 1

Research is being done on the feasibility of the determination of atomic
posulons in the high-temperature phase of KHF,, which is reported to appear
at approximately 1909, . There has been some difficulty in finding a material
to prepare capillaries that will resist the action of HF at these high temper-
atures. At present, machined Teflon tubes are being tried.

STRUCTURE AND LATTICE PARAMETERS OF
AuClj3, TbFy4, InCl3, Eu203, Gd203, Lu03

Edward S. Clark and Carol H. Dauben
‘Work is in progress in this laboratory on the structures of AuCl3

and AuCl. In addition, more accurate lattice parameters have been obtained
for TbF4 and InCl3, which had been prepared in this laboratory before.

Tb‘F4 monoclinic ZrFy typé.
=12.14+0.06 &
= 10,19 + 0.05

= 7.91%0.04
p=126.2 +0.5°,.

o (o |e

InCl; monoclinic YClj3 type.

6.41+0.01 8
11.01 + 0.01
6.31£0.01
B =109.6 =+ 0.3°,

le |o |
1

We have measured the lattice parameters of oxides of several more
rare earth elements.
a
 Eu,03  10.886 +0.005 &
Gd,0, 10.813 + 0.005
Lu,0;3 10.391 + 0. 005.
' These oxides are all greater than 99.9% in purity and have been

spectroscopically analyzed. They were originally obtained from Iowa State
College.



-32- UCRL-2531

. Work is continuing on the determination of a unique crystal structure
for auric chloride, AuCl3. A zero-layer precession pattern with precession
about the a-axis was obtained. Since the spots on this pattern appeared to
be very strong or very weak with regularity, a '‘negative inverse'" Patterson
projection on (100) was calculated optically. A negative arbitrary value was
assigned to the extinctions, and correspondingly less negative values were
assigned to weak spots. The sharp peaks of this projection were interpreted
to place gold at z = 0.250. With this z parameter for gold, signs were de--
termined for one-half the structure factors (Ok#), and a Fourier projection
on (100} was calculated for one quarter of the unit cell using Beevers-Lipson
strips. This gave six chlorine peaks instead of three. On the basis of geo-
metrical considerations three peaks were selected for a reasonable trial
structure. '

x y z
Au 1 0.042 ‘ 0.088 0.250
cL 0.264 0.996- 0.967
Cl, 0.327 0.169 0.500
Cl, 0.792 0.164 0.375

Signs of all the (Okf) structure factors were determined and a Fourier pro-
jection was calculated. The results of this projection were inconclusive and

it is believed that the precession data are not accurate enough for determination
of chlorine z parameters. Work is in progress to obtain more sensitive data
using the Weissenberg technique.

A measurement of the angle B from b-axis precession data gave a
value of 113920', in agreement with 113°18' obtained from equiinclination anti-
equiinclination data for c-axis rotation on the Weissenberg goniometer.

Aurous chloride (AuCl) has been prepared by the reaction of AuClj .
and gold metal in vacuum at 260°C. Small angle crystals (bright yellow) have
been obtained, and work is progressing on the determination of its crystal
structure. The structure does not appear to be of a common RX type.

CALCULATIONS CONCERNING THE ROTATION-VIBRATION
INTERACTION IN HEAVY EVEN-EVEN NUCLEI

John O, Rasmussen

Bohr and Mottelsonl have pointed out and given theoretical justification
for striking regularities in the low-lying energy levels of even-even nuclei
in regions not too near closed shells. Namely, beginning with the ground state,
a band of levels of even parity with spin sequence 0, 2, 4, etc. with energies
approximately equal to E; = const. x I(I +1), is generally observed. This
energy formula is the same as that for K = 0 levels of a symmetric top rotator
or for a diatomic molecule. Indeed, the strong coupling model of the above
authors” is in many respects analogous to a molecular model in its quantum
mechanical behavior. ' '

1. A. Bohr and B. R. Mottelson, Dan. Mat. Fys. Medd. 27, No. 16 (1953).
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Asaro and Perlman? have discovered many such rotational band se-
quences by techniques of alpha-ray spectroscopy among the heavy elements,
Beta-decay studies have revealed such sequences in the mass region around
170 also (cf. Ref. 1, p. 92). The trends of the energies of first excited states
have been much discussed, ”’* showing quite smooth trends with mass number,
exhibiting sharp maxima at closed-shell configurations and broad minima be-
tween closed shells. It is the purpose of this note, however, merely to look
at the deviations from the rotational energy formula.

Table I lists the rotational state energies for a number of nuclides.

Table I
‘Nuclide E,* Ey* Eg* ‘Refs.
180 -
2, HE 93 307 637 4
222
ggRa 110 295
Ra®2% 84 253
88
o RaZ2® 67 210 > ¢
88
228 p
90Th™ ™" 57.9 188. 4 |
1234 |
929 43.620.3 143, 620.5 292. 7, 6
. 238 ' ‘
94PY" 44.1 146. 2 303., 8, 6, 7

*Excited state energies (kev).

Bohr and Mottelson9 attribute deviations from the simple rotational
energy formula to a vibration-rotation interaction. These perturbations are
given by them as follows: '

A3
[ 3 1 <h> 2 2
AE. = - + LI L

1 {Z(hwﬁ)z Z(HwY)Z:l T

2. F. Asaro and I. Perlman, Phys. Rev. 91, 763 (1953).

3. K. W. Ford, Phys. Rev. 90, 29 (1953) and G. Scharff-Goldhaber, Phys.
"Rev. 90, 587 (1953). _

4. Bunson, Blair, Keller, and Wexler, Phys. Rev. 83, 62 (1951).

5. Hollander, Perlman, and Seaborg, '"Table of Isotopes,” Revs. Modern
Phys. 25, 469 (1953).

6. F. Asaro, Private communications.

7. E. Church, Supplement to Quarterly Report, Physics Division, Argonne
National Laboratory Report ANL-5141 (1953).

8. Slitis, Rasmussen, and Atterling, Phys. Rev. 93, 646 (1954).

9. Rev. 1, page 91. -
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where hwg and hwy are the vibrational quantum energies for the f and y vibrations,
respectively, and'r is the rotational moment of inertia. BohrlQ states that
the quantum energies fo f and y vibrations should be nearly the same, so we

shall here replace them by a weighted average hw, defined so that
' A 1
—7 " z ¥ z
(rw) Z(TIwﬁ) 2(th)

Knowing the energies of any two rotational excited states, one can
calculate the parameters h? /27, the rotational quantum energy, and hw, the
vibrational quantum energy. Where energies of three states are known, two
independent calculations of the parameters may be made. The results of the
calculations (based on energies in Table I) are summarized in Table II.

Table...]I.I[

Quantum ,Ene'i'gieé Calculated from Nuclear Rotational Band. Energies

fw (Mev) fiw (Mev) 12 /27 (Mev)
Nuclide from E, and E4 o from E, and E¢ | from E; and E4
L HE O 2.2 2.4 0.0156
222 ' ‘
ggRa 0.70 | 0.0196
224 . | _
ggRa _ 0.73 « 0.0145
226 . '
ggRa 0.71 0.0114
9o Th2® 0.96 o 0.00974
9;U%> 10 o9 © 0.00730
238 | | |
g4Pu . 1.5 . 1.4 0.00737

The fiw values are not very precisely determined, since the deviations
from the I(I + 1) formula are in no case here more than a few times the experi-
mental probable error. With these reservations in mind we may say that the
agreement between the indepéndent calculations of iiw from E, and E4 and from
- E, and E, is satisfactory, hence that an energy correction term of form
IZ((I +1)2 is sufficient. '

Among the heavy nuclides hw exhibits a definite and unexpected trend,
increasing with. Z. The variation does not seem to be correlated with A or
increasing spheroidal distortion, since the three Ra isotopes have essentially
the same hw values, though differing in A and ﬁ2/27., _

10. A. Bohr, Dan. Mat. Fys. Medd. 26, No. 14, p. 33 (1952}.
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The general magnitudes of hw seem roughly in agreement with esti-
mates from the simple hydrodynamic nuclear model, Bohr and Mottelson's
Fig. 2 {(Ref. 1) showing hw = 1 Mev for A = 240 and hw = 1.4 Mev for A = 180.
Bohr and Mottelson believe that the vibrational quantum energy should show
maxima at closed-shell configurations, apart from the general decreasing
trend. The general trends of first excited states give no indication that a
closed-shell configuration is being approached by A = 238,

The increasing trend of fiw in the heavy region would seem to call
for some new theoretical explanation, either from additional perturbation
terms or from more detailed theory of variation of ‘hwp and Trw‘Y as proton con-
figurations are filled. :

CONCERNING THE QUARDUPOLE COUPLING EFFECT
IN ALPHA DECAY OF SPHEROIDAL NUCLEI

thn O. Rasmussen

The initial theoretical studies for even-even nuclei were summarized
in the previous quarterly report and have also been issued in detail in a lab-
oratory report. '

Subsequent work has proceeded in two main directions: first, in con-
junction with. Dr. Ben Segall of the theoretical physics group, a general formula,
applicable to odd nuclei as well as even for the matrix elements of the quad-
rupole interaction in alpha decay, has been derived and some numerical values
have been tabulated; second, in conjunction with Mr. John Killeen of the the-
oretical physics %roup, numerical integrations of the coupled alpha-decay
equations for Cm 42 are being carried out on the electromechanical differential
analyzer. ' ' :

1. If Iis the total angular momentum of the initial nucleus and M
its component along an axis fixed in space, I in the spin of one final nuclear
state and £ the corresponding alpha-particle angular momentum, and I, and
£, the corresponding quantities for the other state in question, and K is the
strong-coupling quantum number giving the component of nuclear spin I} or
I, along the nuclear symmetry axis, then the general formula for the quadru-
pole interaction matrix elements is ; :

(K1, 4,1M |P, (cos w)‘ KL, £,IM)

. 1/2
(21, + 1)(21, + 1)(2€, +1)(24, +1)
:(-)11+12—K-I[ 1 2 = Nzt + 1)

(LLK - K| 111220)(11¢2001111220) C WL L ,512),

where (|) aré Clebsh-Gordan coefficients, ahd.W(Iilll'z!z;IZ’) is a Racah co-
efficient. The expression is independent of M, as it must be.

1. J. O. Rasmussen, Jr., University of California Radiation Laboratory
Report UCRL-2431 {December 1953).
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This expression was arrived at by specializing Racah's? equation
(38).

With the above formula and a table3 of Racah coefficients, the matrix

elements for all the allowed alpha decay states in the decay scheme of Fig. 1
were calculated,

1=5/2 (all nuclear states
the same parity)

[

U oHn

oNnN

[\ RN
-

N o o

-

[
v

1f=9/2K%5/z ‘
1f=7/2K=5/2v //
‘ /

I;=5/2K=5/2

Fig. 1 Alpha- decay scheme for which quadrupole
matrix elements were evaluated.

‘This combination of spins was chosen since the situation probably
occurs? in Am24l and Am243, Nine different alpha decay states are considered
here, comprising three nuclear states of a rotational band. Table I gives the
decimal values of the matrix elements of the quadrupole interaction, both di-
agonal and off-diagonal elements.

2. Exper1menta1 values of a.lpha group intensities and energies in
the alpha decay of Cm242 have been used and it has been assumeéd from a semi-
empirical formula that the intrinsic quadrupole moment of Pu?38 is +17 x 10-24
cm®, and the 1ntegration inward of the coupled second-order differential equa-
tions" governing alpha decay has been carried out approximately. Only the
£ =0, £ =2, and £ = 4 groups have been considered. If we denote the ampli-
tudes of the various wave components as w,, w,, and wy, as'deéfined by the
-expansion,

2n wi(r)
Lp = i;_z-;() —"i.—"‘ O 11(0 4’, 0 ¢)9

the ratios wp : wy and wyg : wyatr =1.1x 10712 ¢m are calculated to be 1.28
and 0. 39 respectively. The ratios, 1 sf quadrupole coupling is neglected, are.
1.0 and 0.11; hence, one might say that the external quadrupole coupling is

2. G. Racah, Phys. Rev. 62, 438 (1942).

3. L. C. Biedenharn, Oak Ridge National Laboratory Unclassified Report
No. 1098 (1952). :

4. J. O. Rasmussen, Jr. Arkiv for Fysik 7, 185 (1953).



Table 1

Matrix Elements of the Quadrupole Interaction

I, £ 1.=5/2 7/2 9/2
-0 2 4 2 4 6 2 4 6

5/2 0 0.267 0 -0.3085 0 : 0 0.1825 .0

2 0.102 0.159 ' -0.200 -0.262 0 -0.0698 0.0467 0

4 20.102  0.0544 -0.206  -0.19 0.00402  -0.0488 0.188
/2 2 | -0.0068  0.00188 0 -0. 191 -0.206 0

4 ~0.0174 0.0125  0.0257  -0.1733 -0, 175

6 .0.0424 © 0.0226  -0.1294
9/2 2 0.0476 -0.01605 0

4 0.0295  -0.01365

6 0.01665

;a‘pﬁﬁ reproxaydg

—Lg..

1€62-"T9DN
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responsible to some extent for the high hindrance of alpha decay to the 4+ state
for Cm?242 decay. Inclusion of the £ = 6 group might further increase wyg : w,.
Of course;, explanation of hindrance factors must involve some prediction of
reasonable initial ratios determined by boundary conditions at the nucleus.

The problem has been discussed quahtatlvely, but this aspect of the general
thecry needs more attention.

» The''differential analyzer calculations have showed that the external
quadrupole coupling has a considerable effect on the ratios of afha decay to
various nuclear states for alpha emitters in the region of Cm?24 This result,
coupled with the result for odd nuclei that matrix elements connecting alpha
decay states involving the same nuclear state but different alpha-partical an-
gular momenta can be large (Table I}, leads us to the qualitative conclusion
that in general we may expect to find mixtures of different f-values in alpha
decay groups from spheroidal nuclei. These mixtures might show up strikingly
in a-y angular correlation work with odd nuclei in the heavy region.

BARIUM AND CESIUM ACTIVITIES
FROM HEAVY-ION BOMBARDMENTS

Jack M. Hollander and Marvin ]. Kalkstein

The gamma ray spectra of the 97-minute barium activity and its 1. 6~
minute cesium daughter, produced by nitrogen-ion bombardments on indium,
have been studied. We have milked the cesium daughter from the barium and
have been able to examine its gamma ray spectrum. We observed 510-kev
annihilation radiation and a 390-kev gamma raz A similar gamma ray has
been observed in the beta decay of 1126 to Xel20, This is falﬂy strong sup-
port for the mass assingment of 126 to the barium and cesium activities under
study.

' Positron emission in 05126 is at least ten times as abundant as electron
capture. About half the cesium decays go to the 390-kev excited state of Xel2
The positron energy was studied by both absorption and scintillation spectrom-
etry with an anthracene crystal. A maximum positron energy of 3.5 + 0.3
Mev was obtained.

The gamma ray spectruﬁ—xéof 05126 VXas subtracted from the spectrum
of the equilibrium mixture of Ba and Cs!2 The Bal26 has a 230-kev gamma
ray and essentially no annihilation rgdmtlog From a predicted valuel of 1.5
Mev for the_ mass difference of Bal? one can expect about 2.5 percent
[3 at this 26 The intensity of the 230-kev gamma ray is about one-third that
of the Cs!2° annihilations. :

Log ft values have been calculated for the transitions observed and
a decay scheme is given below.

1. K. Way and M. Wood, unpublished data. :
2. E. Feenberg and G. Trigg, Revs. Modern Phys. 22, 399 (1950).
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126
Ba (IO+)‘
(t1/2=97, 0£l. 0 min)
‘EC 67% ‘
log ft = 4.8 | ~1. 5 Mev
0 —
C4126 (1.6 + 0.2 min) |
EC <10%
log ft
~4,5 Mev
0. 39 - ¥
io. 39 |
0 —30+) ' N

On the basis of .the calculated log ft values, both the electron.capture
and positron decays 8ppear to be allowed transitions. A spin of 1+ for the
ground state of Cs126 would be consistent with the allowed nature of both the
electron capture and positron decays.

The counting efficiencies used were 13% for the 510-kev radiation
(our own measurexgen_ts), 24% for the 390-kev radiation, 3 and 65% for the
230-kev radiation.

THE SEPARATION OF SEVERAL TRANSITION GROUP ELEMENTS
USING ION EXCHANGE ” | _

Charles W. Koch

The use of ion-exchange resins for purification of the rare earth and
actinite elements as well as for the separation of amino acids has served to
show the important role synthetic ion-exchange resins can play in analytical
chemistry. To date, separation by means of ion exchange has been’used for
most of the rarer elements, but generally has been neglected as an approach
to the common problem of systematic separations as normally encountered
in an analytical laboratory. ,

3. B. I‘Kahn and W. Lyon, Nucleonics 11, No. 11, 61 (November 1953).
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A qualitative investigation was undertaken to determine if a simple,
practicable approach could be found for the separation and subsequent deter-
mination of some of the more common divalent metal ions. Kraus and Moorel
have shown that the transition elements between manganese and zinc are sep-
arable on an anion exchange column (210-230 mesh) using 12 M HCI as the
eluent. While anion exchange resins have an advantage in that the colored
ions can be observed as they move along the column, the high concentration
required for complex ion formation is a practical d1sadvantage Principally
for this reason, Dowex 50 was used as the exchange resin, so that more di-
lute hydrochloric acid solutions could be used for elution of the ions.

The Dowex 50 selected was 4% cross-linked, having a 200-400 mesh
size., Larger part1c1es than 200 mesh were removed by screening. Follow-
ing the screening operation, the resin was washed with 6 M HCI and those
particles that were so finely divided that they did not readily settle were re-
moved by decantation. This washing process in 6 M HCl was repeated until
at the end of a ten-minute interval the hydrochloric acid solution above the
resin was free of finely divided particles. As a result of this means of wash-
ing, the particle size probably ranged more nearly from 200-300 mesh.

The column height employed for these measurements was 16 cm,
with a 7 mm _inside diameter. The flow rate was adjusted to approximately
0.2 ml min~! cm=2 and all measurements were made at room temperature.
Two to five milligrams of the divalent metal ion were used to obtam each
elution curve.

Cd , .
Zn Cu Co Ni Ca 5Sr. Ba

relative
amount

vol. eluent (ml)

Fig. 1 Elution curves for some of the d1valent metal ions; 3.1 M HCl
used as eluent.

In general, for the data shown in F1g 1, each elution curve was determlned
individually,

To investigate more thoroughly the ions that were first to elute from
the 3.1 M HCI solution, the concentration of the eluent wa.s reduced to 0 4 M
HCl. Figure 2 shows the elut1on curves for Hg‘H‘, catt R Zntt and Cutt. —

1. K. A. Kraus and G. E. Moore, J. Am. Chem. Soc. 75, 1457 (1953).

1
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Hg Cd " Zn Cu

relative
amount

AN | I [ L0 Ja iy N\ L1
40 80 120 160 200 240 280

vol. eluent (ml)

++

| " ++ | S
Fig. 2 Elution curves for Hg'¥, .Cd"", zn" " and cu®*, 0.4 M HCI used

as eluent.

The curves for Hg++, Cd++, and Znt?t were obtained using a standard solution
that-was prepared by dissolving weighed amounts of the three metals in dilute
nitric acid. The final solution contained approximately 5 mg/ml of each of
the three ions, . Elution curves also were run for samples that had known quan-
tities of phosphoric acid and sulfuric acid added to the standard solution.

It was found that in the presence of quantities of phosphoric acid equivalent

to 50 mg of phosphorus per milliliter of solution no observable change in e-
lution was obtained for any of the three ions. From an analytical standpoint,
the relative amount of phosphorus will rarely if ever exceed this amount.
Quantities of sulfur as sulfate equivalent to that of the positive ions present
have no observable effect on the elution curve. Further work using sulfuric
acid solutions still is in progress. Since concentrated sulfuric acid solutions
frequently are used in the digestion of ore samples, it is planned to add much
larger amounts of the acid than have been used to date.

The data in Fig. 1 indicate that it may be feasible to separate a con-
siderable number of the divalent metal ions by the proper adjustment of the
concentration of the eluent; those shown in Fig. 2 afford a simple separation
of the Group II B elements. Also, under the conditions employed for the
elution of mercury, cadmium, and copper, shown in Fig. 2, it is a simple
matter to separate these three ions, which normally are precipitated as the
sulfides from moderately strong acid solution in the qualitative scheme of
analysis.

EXTRACTION OF ZIRCONIUM AND HAFNIUM WITH
ISOVALEROYLTRIFLUOROACETONE

Eugene H. Huffman and George V. Shalimoff

Studies on the chelation-extraction separation of zirconium and hafnium
with fluorinated p-diketones have been continued, using isovaleroyltrifluoro-
acetone (ITA) in benzene and in n-hexane. Preliminary to the chelate extrac-
tions the absorption spectrum of ITA in 4 M perchloric acid was obtained and
the distribution ratios of ITA between n-hexane and acid and between benzene
and acid were determined.
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The absorption spectrum of ITA in 4 M perchloric acid shows a single
peak at 284 mp and the organic-aqueous distribution ratios were found to be
39 and 94 for n-hexane and benzene respectively. . Extractions of the metal
chelates were made from 0.04 M solutions of the metal ions in 4 M perchlomc
acid, the maximum concentration at which zirconium remains monomeric in
this strength perchloric acid. At constant acidity the equilibrium constant
for the extraction may be expressed as

log K = log R - 4log (ITA)

where R is the distribution ratio of the metal between organic and aqueous
phases. The values obtained for K in this expression were

n-hexane benzene
Zr 5.2 x10° 1.4 x 10°
Hf 4.1 x104 1.1 x 104

The sej)aration factors ((ratio of K for zirconium to K for hafnium)
in both n-hexane and benzene are thus about 13. The corresponding factor
for thenoyltrifluoroacetone (TTA} in benzene is about 22, as previously re-
ported.

THE FAST-COINCIDENCE COUNTING EQUIPMENT
John Rasmussen and Marvin Kalkstein

Further development and moadifications of the fast-coincidence equip-
ment were carried out, enabling the equipment to be used with the 50-channel
pulse-height analyzer of Bldg. 50.

If two scintillation counters are used, coincidence work at resolving
times down to'~10-8 sec. with single-channel pulse-height discrimination for
one coincidence counter and 50-channel pulse- helght analysis for the other
counter can be done.

A block diagram of the equipment follows:
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Fast-coincidence counting -43-
0.2 usec.. —— '
pulser with anti Slqw out | Scaler
discriminator coinc. .
- circuit
coinc.|
8 Mc .2 psec.
lin amp. ——pulser with
discriminator N
hotomultiplier 150 Mc anp__lsd Mc ar}p.__
and gain 10 gain 10 [ .
athode followen _ H
Fast I8 Md__l
_ftoinc. lin -
JT ircuit amp.
Fhotomultiplier _ |
~ and 150 Mc anp. 150 Mc amp.
cathode follower ‘ v ' 8 Mc
_ lin a:mp.j
gpen delay line '
haping ~7 usec. . 50-channel
' 8 Mc ~pulse-height
lin amp . analyzer
« | Jgate
gen. |
signal
in

‘Recent studies using this equipment have included a gamma-gamma
v (Donald Strominger), alpha-gamma coincidence

coincidence study of Bi

.study of Atzu-Po211 mixtures &Kalkstein and Rasmussen), and gamma-gamma
and beta-gamma studies of Np238 (Rasmussen).

Tentative results in the alpha-gamma work indicate alpha-gamma
coincidences with gamma rays of ~0.87, ~0.55, and ~0.32 Mev. These gamma
rays are presurmed to arise from transitions following Po2ll alpha decay, since
they agree with observed energy differences of the three alpha groups in Po I,
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0.87
0.55 Y
b Yl oy . 211
Q 555 Decay scheme of Po
Bi

Results in the case of Np‘238 indicate that the 146-kev 4+ state in Pu238
is populated by a gamma ray of energy in the neighborhood of 920-940 kev,
which probably corresponds to one of the weaker high-energy gamma rays
observed in beta spectroscopy by Slitis et al. 1 ‘The coincidence studies were
only part of a series of measurements carried out here in Np“2®, including
new beta spectroscopic and gamma photoconversion electron measurements.

MASS SPECTROSCOPY
Frederick L. Reynolds

‘Electron multipliers

In the design of multiplier units for use in mass spectrometers, the
dynode surface is generally Ag-Mg or Cu-Be alloy. The maximum gain per
stage is obtained with these surfaces at approximately 400 volts per dynode.

Up to the present writing we have attempted to use commercial units that were
built for phototube structures and employing the same insulation structure

used for high-gain Cs-Sb stages. We had considerable trouble with leakage
from these designs when the output of the multiplier was coupled to an elec-
trometer of pulse-counting circuit. As a result, we have been making our

own multiplier units. The dynodes are the focusing Allen type.? These mounted
dynodes slip through pyrex rods that are threaded on each end, the dynodes b
themselves being spaced by pyrex tubing cut to approximately 0..500 in. length
To facilitate outgassing, the pyrex spacers are cut lengthwise with a 1/16 in.
slot., Four such glass studs and spacer arrangements support 16 dynodes;

the structure is given proper rigidity by suitable end-plate mountings.

An assembled 16-stage unit that received no special activation tech-
nique except polishing the dynodes with fine emery cloth and washing in 50%
acetone-alcohol gave a multiplication of 3 x 10°. This was with only 280 volts
per stage using a Cs positive ion beam. Because no attempt was made
to produce activated dynodes, the unit could be let down to air at approximately
50% relative humidity for several hours without changing the multiplication
factor. It thus seems more feasible for mass spectrometer work to operate

Sleit1s, Resmussen, and Atterling, Phys. Rev. 93, 646 (1954).

James S. Allen, Recent Appllcatmns of Electron- n-Multiplier Tubes, No.
10, Nuclear Science Series.,

b. F. L. Reynolds, '"Ion Sciurce Construction,’ Rev. Sci. Instr. p. 992
(October 1953). .

R
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the multiplier with additional dynode stages, than to use a limited number
of highly activated stages. Under these conditions background noise is very
low, amounting to an electrometer-multiplier current of 3 x 10-18 ampere,
when the multiplier gain is 3 x 105, Using pulse techniques, the background
pulses originating from the first or second dynodes were of the order of 30
to 40 per minute. Under these conditions the multiplier would count nearly
100% 8 kv positive ions. _ '

Mass Spectrometer 1

Completion of the modification of the original G. E. Spectrometer
tube so as to make it more adaptable for use with various ion-source and de-
tection equipment is now nearing final stages. The 6-in. ~-radius copper tube
will have glass source and receiver ends each 4 ‘in. in diameter and about
7-in. long, with glass industrial flanges on each end. This will allow the use
of multiplier structures at the receiver end and a varied type of source design
at the other. '

Mass Spectrometer II

During this period M. S. II has been used for abundance ratio work
on plutonium and americium samples. A new check on the half-life of Am
will be a related experiment to some of these abundance runs. The results
on this experiment are not finished. A program to study surface ion-source
design with the production of ions from small plutonium samples has been
started. Plutonium 238 is used; the source efficiency is measured by alpha-
particle counting of receiver collections..

DOUBLE RETARDING FIELD ELECTROSTATIC
BETA-RAY SPECTROMETER

Herbert R. Johnston
General
The last quarter has been a period of design and construction of the
various component parts of the D. R. F. Beta-Ray Spectrometer. It is esti-
mated th at approximately 95% of the detail design has been completed, the

drawings having been sent to the machine shop for construction.

Some of the parts, approximately 15%, have been delivered by the
shop. Preliminary assembly of the completed parts has been started.

Design Note

In order to test the operation of the D. R.F. Beta-Ray Spectrometer,
it was considered highly desirable to provide an artificial source of beta rays
of known energy. This should allow the determination of the selectivity and
general operation of the completed unit before using actual radioactive samples.

The detailed drawings of a design for a suitable artificial source have"
been completed. This source should provide beta rays or electrons of an ad-
justable amount and of variable energy up to approximately 10, 000 volts.,



-46- UCRL-2531

The upper voltage limit is dictated by the insulation that can be pro-
vided in the construction of the artificial source.

_ GADAC
Herman P. Robinson, Gilbert O. Brink, and G. Donald Paxson

. The eight-component analog computer for recording growth and de-
cay curves for members of a radioactive chain has been completed and put
into service.

In order to increase the utility of the computer, a recorder is being
developed that will use frequency modulation and a conventional tape recorder
as a high-speed device to record the output from the computer. This can then
be fed back to the computer to determine the growth and decay of an additional -
eight components.

OPTICAL SPECTROSCOPY
John G. Conway and Ralph D. McLaughlin

Zeeman Magnet

All parts needed for the Zeeman experiments have been delivered
during this period. The spark chamber with its associated gloved box has been
installed, and is now ready for operation. Two auxiliary coils were wound
which fit over the pole pieces. The magnetic tests that have been conducted
indicate that a field of 40,800 gauss can be had for continuous operation of
the magnet. Zeeman spectra are now being run using copper electrodes.

‘Spin and Isotope Shift .of Americium

Two samples of americium werg‘gxade available by S. G, Thompson
and E. K. Hulet. One contained 10% Am , the other 80% Am243, The spectra
of these samples were photographed in a 21-foot Paschen-Runge mount. The
grating has about 5.5 inches of ruling of 30,000 lines per inch. The spectra
were photographed in the second order and covered the wave lerﬁth range of
2900 to. 5300 A. A spin value of 5/2 h/2nw was obtained for Am?2 Comparison
spectra of Am_241 were photographed and isotope shift from them was meas-
urable in 28 lines. Several deilsutometer recordings were made of a number

of lines of the Am 241 3n4d Am , and the over-all width indicates that the
nuclear magnetic moments are equal to within 2%. Table I contains the wave
lengths and isotope shift. The hyperfine structure is of a flag type, and for

this reason wave length measurements are difficult. The wave lengths as

listed are for the first component of the flag pattern.
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Table I

Isotope Shifts in the Americium Spectrum

Wave Lengths of the First Component in the Flag Pattern of Am?43 ,
2243 | ANz 43-241

2815.17 : , +0.022 A .
2888, 46 -0.017 ~ :
2909.72 +0.014

2911, 06 o g -0.009

2938.96 : a oo o +0. 069

2957, 13 a . ‘ o : IR - -0.009-

2958.29 ~ : +0.007

2969.21 +0.014

2993. 38 +0.014

3027.91 40.021.

3161.19 a ’ ‘ : -0.025

3204.05 . +0.020

3225.27 ‘ ' +0. 040

3257.93 . -0.007.

3258.62 : -0.080

3282.48 a -0.024

3262.67 a ‘ - =0.020

3451.00 — +0.014

3473.16 ‘ +0.014

3496.48 - +0.007

3926.07 ' +0.013

4372, 35 +0.058

4441.43 a +0.026

4509.16 — +0,.032

4680.84 a ‘ +0.012

4699.46 +0.031

4786. 64 ' : +0.071

4871.93 | +0. 032

a lines in which the first component is on the hlgher wave-
length 51de of the pattern
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Absorption Spectra

In hopes of recording spectra of mixed crystals, a method for photo-
graphing thick samples is being worked upon. It is found that samples of pow-
dered NdF'3 as thick as 1. 5 mm can be photographed in 30 minutes of exposure
time by arranging the optics so that a minimum of stray light reaches the spectro-
graph. It is planned to enclose the optical system in a lighttight box so that
long exposures may be taken without interference from stray light. It appears
that a 15-hour exposure will be necessary to photograph samples of the proper
thickness.

A temperature-measuring refinement is being constructed within
the low-temperature dewar. This was made possible by a recent development
by the accelerator technicians, who found that a lead-tin gasket can be made
to hold a vacuum at liquid hydrogen temperatures. This development allows
placement of windows on the sample cell; and the temperature can be meas-
ured using the sample cell as a helium gas thermometer. This arrangement
also assures good thermal conductivity to the sample. :

THE DE_CAY SCHEME OF AMERICIUM-238
' Robert J. Carr

In contmuatlon oﬁ the study of the decay of the 1.9-hour, electron-
capturing nuclide Am?2 the coincidences between its gamma rays have
been studied, with the help of Mr. F. Stephens and Dr. F. Asaro, on the
gamma-gamma céincidence sodium iodide crystal scintillation spectrometer
previously described. The coincidences observed as as follows:

Gate Coincident Gammas
(Signal)

950 kev ' 950 kev
‘ 550
(340 %)

570 340
550
920
1240

~ 1200 540

The energy measurement of the gamma observed on the signal is necessarily
crude, since the inherent uncertainty in the instrument is about 4% and the
counting rates are very low--for some peaks, of the order of 3 counts per
minute.

1. R. J. Carr, Uni\;ersity of California Radiation Laboratory Report UCRL-2455.
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At the gate setting corresponding to 570 kev, one is, of course, meas-
uring coincidences not only with the 570-kev gamma, but also with Compton-
scattered electrons of this energy from the 950-kev gamma. Thus, the ap-
parent self-coincidence of the 570-kev gamma can be explained as a manifes-
tation of the 950-kev~570-kev gamma cascade. The observed relative abun-
dances of 950-kev-570-kev and 570-kev-570-kev gamma ray abundances are
consistent with this interpretation. The apparent 570-kev-340-kev gamma-
ray coincidence is due primarily, if not entirely, to coincidences between
Compton-scattered 950-kev gamma rays and the corresponding Compton e-
lectron.

Combining these data w1th liat is known of the levels in Pu?38 from
study of the negatron decay of Np23 and noting that the 950-kev gamma
is undoubtedly complex and that there is no reason to believe that the others
are simple, one can propose the following decay scheme.

~1800
e 1240
1030 ~
983 : S S 980
102 — <.
44 e —
0 S .

(Rasmussen and Slatis) (This work)

The total energy available for electron capture is 2.22 Mev. 3

-Rasmussen and Slatis have suggested that the levels at 983 and 1030
kev might be 1nterpreted as a rotational band corresponding to the first vi-
brational state in the strong-coupling model of Bohr and Mottelson, 4 Since
the vibrational levels are represented by a harmonic oscillator to a first ap-
proximation, one would expect levels corresponding to second vibrational states
at approximately twice this energy. This is just what the above scheme in-
dicates. However, until the spin and parity of the higher levels are determined,
such an interpretation must be considered highly speculative.

2. H. Slatis, J. O. Rasmussen and H. Atterling, Phys. Rev. 93, 646 (1954).

3. J. M. Hollander, I. Perlman and G. T. Seaborg, Revs. Modern Phys.
25, 469 (1953).

4. A, Bohr and B. R. Mottelson, Dan. Mat. Fys. Medd. 27, No. 16 {1953).



-50- " UCRL-2531

NEPTUNIUM-240m AND (OR) NEPTUNIUM-241
(- - Richard M. Lessler

Uranium-238 foil was bombarded with alpha particles, and a neptunium
isotope of half-life of 60 mmutfs was found. This activity has previously been
glven the mass number of 241, but it appears possible that it may include
an isomer of Np2: ‘ '

The neptunium activity was run on the 50-channel Nal crystal scin-
tillation spectrometer to obtain the gamma spectrum. Gamma rays were ob-
served at 1160, 1000, 915, 580, and 435 kev, and poss1b1y at 350 kev. Because
of the high Np2 39 background gamma rays below 350 kev could not be meas-
ured with much certainty. Uncorrected peak heights for the 1160-, 1000-, 915-,
580-, and 435-kev gamma rays are in the ratio of 0.05:0.3:0. 3:1. 0 0 8

Gamma -gamma coincidence measurements were made w1th F. Stephens
and the following results were obtained. With the gate on the combined 1000-
and 915-kev gamma peak, 160- and 250-kev gamma rays were seen in coinci-
dence. The 580-kev peak was in coincidence with itself, and with the 435-
and 160-kev gamma rays, indicating that there were two different gamma rays
around 580 kev. No higher-energy gamma rays were seen in coincidence with
the 580-kev gamma rays. Further work tended to show that the gamma rays
have the energies 595 and 565 kev, and that the 435-kev gamma ray probably
is in coincidence with the 565-kev gamma ray. Gamma rays of about 580 and
160 kev energy were found in coincidence with the 435-kev gamma ray.. Although
other peaks appeared in the coincidence runs, all those that were’ “based on
more than one channel can be accounted for by Compton scattering. Further
work will be done to see if they are due to real gamma rays, or Compton scat-
tering, or channel effects. :

Beta-gamma coincidence measurements were attempted, and though
the results are poor owing to low activity, it appeared that a beta particle
of about 900 kev was in coincidence with the 580-kev gamma ray and the higher-
energy gamma ray group. A run on the lens beta-ray spectrometer showed
a beta particle of around 900 kev. However, other beta particles which would
be obscured by the Np 239 beta particles may also be present.

From these data the following decay schemes seem most likely:

1. J. M. Hollander, I. Perlman, and G. T. Seaborg, ''"Table of Isotopes, "
"Revs. Modern Phys. 25, 469 (1953).

2. University of California Radiation Laboratory Report UCRL-2455 (De-
cember 1953).
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1160 . : 1160

1000
915 T
595 | A T 565 — o
245 - ; ;:/ . :
160 ——— 17— | |
O 7IIIIIIIIIIITI I I I Ty

(A) : ‘ {B)

~ Although decay scheme {A) seems more a.nalogzous to other decay schemes,
decay scheme (B) fits in very well with the levels in Pu 4(_), Levels of 1400,

. 900 and 560 kev were seen in the decay of 7. 3-minute N 240 t5 pu240 3 Levels

of 1400, 1000 and 900 kev were seen in the decay of Am 40 o py240 4

It appears that the decay energy of the neptunium activity isi)robably
about 2060 kev (1160 g + 900 B). The decay energy of 7.3 -minute. Np240 was
found to be 2160 kev, > while that of Np24! is estimated to be about 1100 kev.
From this it appears likely that we have an isomer of Np240. Work to.obtain

better data and establish the identity of the neptunium 'isotope is being continued.

3. Knight et al., Phys. Rev. 91, 889 (1953).
4. R. A, Glass and J. W. Cobble, to be published.



-52- UCRL-25,31

CHEMICAL ENGINEERING (PROCESS CHEMISTRY)

NOTES ON EXPERIMENTS IN PROGRESS

Preparation of Titanium Metal ' A. W, Peterson, L. A. Bromley

) This work has been completed. A report describing it will be issued
shortly.
Film Boiling from Subcooled Liquids E. 1. Motte, L. A, V_Broml'e!y

This work haé been completed and will be reported in UCRL-2511.
Thermal Diffusion in Liquids J. E. Powers, C. R. Wilke

.Experimental work has been extended to include the system benzene-
n-heptane. The theory of Furry, Jones and Onsager (Phys. Rev. 55, 1083
(1939)), or1g1na11y proposed for gases, has been extended to cover separation
in liquids. It is hoped that a modification of this theory will correlate the
data. A literature search to include articles on both gaseous and liquid thermal
diffusion has been completed and will be included in the final report

Capacity of Perforated-Plate L1qu1d Vapor Contacting Columns
C. D. Hunt, D. N. Hanson and

C. R. Wilke
This report will be issued shortly.
Gas Phase Mass Transfer Studies E. J. Lynch, Loren Hov and
' C. R. Wilke

Trial runs on the drying experiment using nitrobenzene indicated a
necessity for an adjustment of experimental conditions. This, in turn, required
a firmer knowledge of the vapor pressure at low temperatures. The vapor
pressure curve has now been established in the range from the freezing point
to 25°C,

A series of psychrometric measurements has been completed using
the thermocouple assemblies. These experiments show an internal cons1stency,
but are out of agreement with previous work and with theory. An attempt is
now being made to locate the source of the discrepancy. \

=

‘Vacuum Flow through Annular Sections Walter Dong, L. A. Brofnley

: -Equipment is now being built to measure vacuum flow in a flat rec-
tangular section.. Results on annular sections did not agree with the theoretlcally
derived figures of Barrett and Bosanguets; therefore it is hoped that this“ex-

- periment will help to clarify the difference.

Solubility Studies M. Cook, D. N. Hanson

The results of this work are being published in UCRL-2459.
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Agitation of Liquid-Liquid System J. L. Fick, T. Vermeulen

~ The results of this work will be published shortly.

‘Thermal Conductivity of Gases at High Temperatures ' A
~Stephen Whitaker, L. A. Bromley

The thermal conductivity of various gases had been measured at
temperatures ranging from 35°C to 780°C by means of a silver cell. At high
temperatures (above 600°C) the cell blistered, giving inaccurate results.

This was thought to be caused by absorbed oxygen escaping. The need for
vacuum-cast silver was apparent if data were to be obtained at high temperatures.

Two attempts have been made to obtain suitable vacuum-cast silver.
The first casting was porous, and the results of the second casting are not
yet available. It is hoped that the method of cooling the silver in the second -
attempt will eliminate the formation of holes. The parts for the new flange
assembly have not yet been completed. ‘

The tempé‘ratu‘re _controluni't has been altered to rriake use of a thermo-
couple as the sensing element instead of the previously used resistance ther-
mometer.
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GENERAL CHEMISTRY
W. M. Latimer, Director

METALS AND HIGH-TEMPERATURE THERMODYNAMICS

Leo Brewer, William Hicks, Richard Porter, Oscar Kr1kor1an
James Kane; and Richard Brewer '

Heats of Formation and Absolute Absorptlon Coefflclents of H1gh Temperature
Molecules S

Design of equipment to be used for this new method is continuing.

‘Gaseous Carbon Species

It has been demonstrated that the strong ultraviolte continuum found
in emission in the King furnace and in absorption in carbon stars is due to the
molecule C3, which has a heat of sublimation close to that of the 3n state of
Cy. Thetriplet atate of G, has not yet been related to the singlet state.

Magnesium Ox1de Gas -

The work on MgO vapor has been completed and is summarized in
UCRL-2416 and UCRL-2454. A paper on this work has been submltted to the
Journal of Chemical Physics.

Reflection Coefficients of Molecular Beams

A considerable number of substances hasbeen studiéd in an attempt
to find a material that does not stick on targets. Arsenic has been found to
be very suitable and its bouncing behavior is being studied,

Sodium Carbonate Vapor

Knudsen cell studies of NapCO3 are 'continuing'.‘

‘Molybdenum Chloride Vapor

. \
Work is continuing on the effect of water on the volatility of molybdenum
chlorides.

Refractory. Silicides

The work is completed and is being summarized in a report.
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BASIC CHEMISTRY, INCLUDING METAL CHELATES

Howard Cady, Robert E. Connick, Armine Paul,
Richard Poulson, and Robert Wood

Results of Some Studies on Fluoride Complexing

Calculation of results of the experiments on the fluoride complexing
of scandium (III) at 150C and 35°C have been completed. The experimental
data can be interpreted by assuming four complex scandium fluorides, ScF+%,
ScF,*, ScFj(aq), and ScF4~. The equilibrium quotients for the formation
of these four species at 159 and 35° at a total ionic strength of 0.5 were com-
binde with those obtained at 25° by Kury and Hepler, and the heats and entripies
of the reactions were calculated. The greater stability of the scandium fluorides
over other tripositive metal fluorides is due to an abnormal heat effect rather
than an entropy effect.

The fluoride complexing of copper (II), lead (II), and zinc (II) was
studied at 25°C and ionic strength 0.5. The method used was the same as for
the scandium experiments, i.e., by measuring the effect on the ferric fluoride
complexes potentiometrically. The complexing was found to be small and the
experimental uncertainty was therefore rather high, However, the results
seem to be in line with other dipositive ions whose fluoride complexing has
been studied.

'A Chemistry of Ruthenium

An attempt was made to repeat the work of F. S. Martin (J.C.S.,
1952, .p. 3055, Pt. 3) who reported finding Ruyj in acid solution. This at-
tempt failed to show any evidence of the Ruy which Martin described. The
solutions obtained here were apparently mixtures of RuO4 and RuO, xH;O0.

Chemistry of Titanium (1I) Ion

An attempt is being made to stabilize titanium (II) ion in aqueous
solutions by means of chelating agents.
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