polystyrene or nylon, to a thickness of not greater than
0.1 mg/em?  The collecting diameter was defined by a
cirele seribed in the carbon and was surrounded by a
guard ring. The air gap was determined by a capacity
measurement for each measurement of ionization current.
The ionization per unit volume was determined for sev-
eral different air gaps, and extrapolated to zero air gap,
for each absorber thickness. The measuring volume was
at all times surrounded by an ‘‘infinite’’ thickness of
polystyrene.

The observed ionization due to the thin sources had the
funectional form

D(2)=A-Blnez 0 < 2 < 200 mg/em?
D(z) =Cexp(—ue) 80 < 2.
The constants 4, B, and the joining point &, can be de-
termined in terms of y by using the conditions that D(2),
the point source function I(r), and the first derivative of
I(r) must be continuous at the joining point. The re-
maining constant, C, ean be fixed at any convenient value,
because of the arbitrary multiplicative constant in D(2).
Then the ionization, in arbitrary units, normal to a thin
plane source is given by
D(2)=1-Inpz
D(z) =exp(1-pe)

<=1

1=pe,

where p2z;=1. It is found experimentally that p =9.10
ecm?/g, and hence #, =110 mg/em? for P?. Since the last
equations imply x=3/u, we get for the distribution of
absorbed energy around a point source of P** in poly-
styrene

I(ry= Ti;‘:: f(ur)  (emergy/dis)/ec,
where f(ur) =1/ (ur)?, 0 ur=1

f(ur) = (1/uryexp(l-pr), l=pr.

Tt is implied that the point source is contained in a block
of the absorbing material larger in all directions than
the maximum range of the f particles. Then the dose
at a distance r from a small volume 4V cec containing
C pe/g of B emitter is given by

0.0608 E4C f(ur)u*dV rep/hr,

where now E, is the average B energy per disintegration
in mev and has the value 0.695 for P** (3). The rep
(roentgen equivalent physical) has been taken as 93
ergs/g of absorbed energy (£), so the resultant dose rate
will be 129 lower than in earlier publications, which
used the figure 83 ergs/g (7). In using this formula for
computation, the produects pur and u*dV are dimensionless.
With this result, it is a straightforward matter to com-
pute the dose due to any known distribution of B emitter,
“though only the relatively simple sources such as plane
slabs and spheres can be computed in analytic form.

The noteworthy features of the result are these: (1)
the dose is given by simple, analytiecal funections; (2)
only two physical parameters are involved in the caleu-
lations, E, and u, the first affecting the magnitude and
the second the distribution of the dose; (3) the entire
dose distribution caleulation can be ecarried out in di-
mensionless equations if the unit of distance is taken as
2 =1/p; and (4) the initial attenuation around a point
source is inverse square. i
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The experimental value of D(2) is actually not ex-
ponential out to the end of the  range, as the equations
would imply, but begins to be measurably less than the
exponential values for z =400 mg/cm? The intensity
at these distances is, however, so small that, at least for
biological and medical dose caleulations, the equations as
stated are entirely adequate.

A few measurements are available on thick sources of
other isotopes (5). From these it is provisionally con-
cluded that the same type of analysis can be made for
other § emitters, and that the product pE, is approxi-
mately constant for all § emitters. TUnder these circum-
stances, a caleulation of dose distribution for B sources
in tissue ean be made in dimensionless form, and then
applied to any (-emitting isotope for which the mean B
energy is known or can be computed. Measurements on
other isotopes are now under way. Full details will be
published elsewhere.
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Errors of Combustion of Compounds
for C** Analysis*

W. D. Armstrong, Leon Singer, S. H. Zbarsky,
and Bryant Dunshee

Department of Physiological Chemistry,
University of Minnesota, Minneapolis

The precipitation of xanthydrol ureide affords a sim-
ple method for the isolation of urea from urine and has
been used for this purpose in tracer studies with radio-
carbon (4, 138). Xanthydrol ureide labeled with radio-
carbon only in the urea residue, as indicated in the for-
mula below by an asterisk, was prepared in a previous
study (3) from the urine of a rat.

CH, H H O H H CH,
7 N LN
\06H4/ \CeH/

Large diserepancies were noted between C'* assay of some
of the preparations of barium carbonate obtained by wet
oxidation of the compound with the Van Slyke-Folech (12)
solution, when the technique deseribed by Lindenbaum,
Schubert, and Armstrong was used (6). The investiga-

1 This investigation was supported by grants from the Na-
tional Institutes of Health, U. S. Public Health Service, and
the Graduate School of the University of Minnesota. The
technical assistance of Mary Lou Smersh is acknowledged.
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TABLE 1

RADIOCARBON ASSAYS OF BARIUM CARBONATE OBTAINED BY
FRACTIONAL COLLECTION OF CARBON DIOXIDE DERIVED
FROM COMBUSTION OF XANTHYDROL UREIDE

C1t gpecific

Method of Fraction % carbon

. * activity
combustion No. found epm/mg C
1 6.7 2.4 +0.2
2 18.1 2.2+0.2
3 25.4 0.6+0.1
Wet 4 14.8 2.1+0.2
5 12.4 3.2+0.2
6 22.6 1065.9 + 4.6
1 40.8 458.3 + 3.1
Dry 2 59.2 106.1 + 1.1

* Percentage of recovered carbon in each fraction.

tion of these diserepancies in radioactivity assay revealed
large differences between the rates of conversion to ear-
bon dioxide of carbgn atoms occupying the labeled, and
those occupying the unlabeled, positions in xanthydrol
ureide. These differences, as shown in Table 1, were

noted when both wet and dry oxidation methods were -

used. Because of these findings the work was extended
to demonstrate diserimination between earbon isotopes
when C'*-labeled urea was converted to CO, by wet oxida-
tion. Our observations are reported because of their bear-
ing on the methods used for combustion of labeled com-
pounds preparatory to carbon isotope assay, and because
they contribute to the general subjeet of the influence
of isotopes on chemical behavior.

No instance has heretofore been noted of differences in
the order of conversion of the carbon atoms of a com-
pound to CO, on complete oxidation of the compound.
However, diserimination between carbon isotopes in ehem-
ical reactions other than oxidation has been described.
An 8% greater frequency of rupture of the C**—C* bond
than of the C'*—C® bond was found on partial thermal
cracking of propane-1-C* (71). Yankwich and Calvin
(14) found that thetmal decarboxylation of malonic acid
singly labeled in a carboxyl group with C** resulted in
acetic acid with a C' content 129 greater than that of
the CO, evolved. With the use of the C'* naturally occur-
ring in oxalic acid as an indicator, the decomposition of
this substance in hot sulphurie acid to CO,, CO, and H,0O
was investigated (7). A preference was found for C* in
the CO, rather than in the CO. A preference was noted
also for a higher rate of decomposition of oxalic acid
molecules containing only C** than of those containing
both C* and C*. 1In a study (8) of the hydrolysis of C'*-
labeled urea by urease enzyme, it was observed that the
first fractions of CO, evolved were relatively richer in C*
than those produced in later stages of the reaction. The
authors indicated that the opposite result is to be expeeted
if the only factor affecting reaction rates is the zero
point energy of the C** and C* bonds. We shall report
in this paper a preference for the evolution of C*2 as CO,
when labeled urea is oxidized by chemical means.

The urea used to test disecrimination in the carbon posi-
tion was prepared by diluting, in aleoholic solution, a few
erystals of high C* activity urea with Merck’s Reagent
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Grade urea. The solution was concentrated by evapora-
tion of part of the aleohol, and the crystals that formed
on cooling the solution were collected, washed with ace-
tone, and dried. A part of the product was converted to
xanthydrol ureide (9), giving a compound with one labeled
carbon position as indicated in the formula above. - The
urea employed to determine diserimination in the carbon
isotope was prepared in a similar manner, except that it
was crystallized three times from alcohol. Further to

. assure the absence of radiocarbon not present as urea, a

portion of the twice-recrystallized material was converted
to urea nitrate (£).

The wet oxidations of all compounds with the Van
Slyke-Foleh mixture were carried out using the apparatus
of Lindenbaum, Schubert, and Armstrong (6). For the
fractional collections of the evolved CO, this apparatus
was modified so that, when a part of the CO, had been
collected in barium hydroxide solution, the stream of gas
could be diverted, by turning a stopeock, . into another
receiver also containing barium hydroxide solution. In
the majority of trials an effort was made to eollect ap-
proximately half the evolved CO,, as judged by the
amount of precipitated barium carbonate, in each of the
two receivers. However, Table 1 gives the results of one
experiment in which the CO, was collected in 6 fractions.
Owing to the vigor of the reaction of the aecid-chromic
acid oxidizing fluid with xanthydrol ureide, it was neces-
sary to add the digestion fluid dropwise at a slow rate to
the ureide contained in the evacuated apparatus. Only
after the initial vigorous reaction had subsided was heat
applied to the reaction thimble.

The dry combustions were carried out by using an
ordinary microcombustion furnace, arranged in the man-
ner described by Rittenberg (20), which allowed the
emerging gas stream to bubble through barium hydroxide
solution. By diverting the gas stream, two or more frae-
tions of barium carbonate were obtained.

The barium carbonate was collected and its radioac-
tivity determined by a previously deseribed method (Z, 2).
A majority of the precipitates exceeded ¢‘infinite thick-
ness.’”” In those cases in which the precipitate was of
less than saturation thickness, the measured radioactivity
was calculated to that at saturation thickness by use of
a factor derived from an empirically determined self-
absorption curve for C* g rays (2, £). All radioactivity
measurements shown in a given table have been made
comparable by use of a uranium standard.

Table 1 presents the data obtained from a wet and
dry fractional collection combustion of xanthydrol ureide,
A number of similar experiments have given results that
are in agreement with those cited. In the case of wet
oxidation, it is seen that the first fractions of the col-
lected CO, contained far less C* than the later fractions.
The first fractions were thus derived mainly from the
unlabeled or xanthydrol residue ecarbons, whereas the
later fraetions contained most of the carbon from the
urea residue. The results of the experiment in which the
evolved CO, was collected in 6 successive fractions afford
a striking demonstration of the relative slowness of con-
version, by wet oxidation, of the carbon of the urea resi-
due of xanthydrol ureide to CO..
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TABLE 2

DISCRIMINATION BETWEEN ISOTOPES OF CARBON ON WET
OXIDATION OF UREA AND UREA NITRATE

Carbon Pa:(:;ilon
Comb. found, " .
Material No. Fractions carb?n* Ctassay

1and 2 Fraction 2
Fraction 1

1 100.40 0.80 1.103

Urea 2 99.75 2.50 1.147

3 100.40 3.27 1.194

Urea. 1 101.13 0.80 1.035

nitrate 2 101.44 1.37 1.142

* Ratio of weights and hence of carbon contents of frac-
tions.

The results of the dry combustions, in contrast to those
of the wet oxidations, showed a preponderance of the
labeled carbon in the first fractions, indicating a rela-
tively earlier conversion of the urea residue carbon to
CO, than of some of the xanthydrol residue carbons.

Table 2 presents representative data obtained on the
fractional wet combustion of C'-labeled urea and urea
nitrate. The radioactivity assays are shown as a ratio.
The statistical deviation of the counts does not exeeed
0.52% of the net sample count.

The results shown in Table 1 make it clear that it is
necessary to oxidize completely xanthydrol ureide and to
collect completely the evolved CO,, if reproducible results
are to be obtained on C* assay of barium carbonate de-
rived from this compound by wet oxidation. Sinee the
C is pregent in the last portion of the CO, to be evolved,
undgatect:?,’bly small losses of carbon from this fraction
would cause large errors in the C™ agsay. Such circum-
stances were undoubtedly the cause of the erratic results
that we noted in the examination of the xanthydrol ureide
prepared from urine referred to in the introduction. Con-
cordant results with the synthetic xanthydrol ureide were
obtained only when the reaction mixture was heated until
the ‘appearance of SO, (about 8 min) and the collection
of the evolved CO, prolonged to at least 20 min following
the end of the heating period.

Failure to collect completely the CO, formed by dry
oxidation of xanthydrol ureide would likewise be expected
to produce large discrepancies in C'* assay, the effect on
the specific activity of the barium carbonate being de-
termined by whether the loss occurs from the first or from
later portions of the evolved CO,. In fact, we had found
already the counts of thick samples of barium carbonate
derived in this manner from the ureide prepared from
urine to vary from 215+ 2.9 to 257 + 2.4 cpm.

It is possible, in the case of wet combustion, that xan-
thydrol ureide is first hydrolyzed to xanthydrol and urea,
and that the former product is more easily oxidized than
the latter. Some support for this viewpoint was ob-
tained from the observation that free xanthydrol, like
xanthydrol ureide, begins to react with vigor at room
temperature with the combustion fluid, whereas urea alone
in the reaction mixture requires heat for initiation of the
reaction and the evolution of CO, Also related to this
point are the results of a fractional wet combustion of a
mixture of 2 moles of xanthydrol and 1 mole of labeled
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urea, which gave the following specific activities of barium
carbonate: Fraction 1 (containing 40.4% of the total ear-
bon), 0.6; Fraction 2 (containing 59.29% of the total
carbon), 444.5.

The data presented in Table 2 demonstrate that the
CO, formed late in the chemical oxidation of C'*-labeled
urea is relatively richer in the label than that which is
first produced. Since comparable results were obtained
with urea nitrate, added assurance is given that the re-
sults were not due to the presence of a radioactive eon-
taminant more resistant than urea to oxidation. ‘Because
of the variation of the weights of the 2 fractions among
the several combustions and other uncontrolled variations
affecting the reaction, no precise statement ean be made .
as to the magnitude of this form of isotope diserimina-
tion. However, it appears from an inspection of the re-
sults that the last half of the evolved CO, contained about
10% more C* than the first half.

It is possible that-.other isotopic carbon-labeled com-
pounds may exhibit to a degree behaviors similar to that
of xanthydrol ureide and urea on oxidation. On this ac-
count an important precaution should be observed in the
conversion of compounds labeled with either C'* or C* to
CO, when this compound is to be used for isotopie earbon
assay. Because of the probable different rates of oxida-
tion of carbons of an organic compound, and isotopie
diserimination of identical positions of carbon atoms in
a compound, care should be taken to achieve complete
oxidation and mixing of the resulting CO, before removal
of samples for carbon analysis. Dependence should not
be placed on a sample of the evolved CO, as representa-
tive of the C' specific activity or the C** content of the
material. The whole of the sample should be burned,
and the CO, collected completely and precipitated. If an
aliquot of the CO, is to be used, opportunity should be
afforded for mixing before the aliquot is taken.
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