BROOKHAVEN NATIONAL LABORATORY

Quarterly Progréss Report
April 1 = June 30, 1950

Associated Universities Inec.

under contract with the

United States Atomic Energy Commission



BROOKHAVEN NATIONAL LABORATORY

QUARTERLY PROGRESS REPORT

April 1 - June 30, 1950

Associated Universities, Inc.
under contract with the
United States Atomic Energy Commission



Printed at Upton, New York, for distribution
to individuals and organizations associated
with the national atomic energy programe

July, 1950 700 copies



FOREWORD

This is the second of a series of Quarterly Progress Re-
ports. While most of the departments have summarized their work
or used a form comparable to abstracts, the Chemistry Department
has given both abstracts and complete reports on its work. The
major part of the progress in the Reactor Science and Engineer-
ing Department is being presented simultaneously in a separate
classified report.
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PHYSICS DEPARTMENT

The research progress of the Physics Department is described under five
subdivisions: 1) dynamic properties of atomic nuclei, 2) stationary proper-
ties of nuclei, 3) high energy particle physics, 4) research in other branches
of physics carried out with the use of neutrons or other nuclear technigues,
and 5) theoretical topics not included under the sbove headings. Under sub-
division (1) are included investigations of radioactivity and nuclear reac-
tions induced by gamma rays, neutrons, and particles accelerated in the
cyclotron or Van de Graaff accelerator. Under (2) are the measurements of
nuclear mass and moment. Investigations listed under (3) are chiefly con-
cerned at this time with the cosmic radiation, but will eventually deal with
effects produced with the Cosmotron. Those listed under (4) include neutron
diffraction studies of the solid state and measurements of coherent scatter-
ing amplitudes. Needless to say, the grouping is somewhat arbitrary.

Dynamic Properties of Atomic Nuclei

Gemma Rays from PoRlO

An investigation with the lens spectrograph of the gamma rays from
Po210 yas prompted by reports in the literature by Chang (Phys. Rev. éﬁb
60 {(1946)) of several range groups of alpha particles, suggesting a number
of excited states of the residusl nucleus, Pb200., It was also known from
a study of Bi206 (BNL 39 (aS-3), p.15, (July-December, 1949)) that the Pb206
resulting from K capture emitted an unusually rich gamms spectrum. A study
of the excitation of this nucleus by alpha emission was expected to assist
in determining the decay scheme. A source of Po2l0 having an alpha activity
of 480 mc was mounted in the spectrogreph, and the internally converted
electrons were studied at 1.9% resolution. In another run, the gemma rays
vere converted externally in uranium foil, and the spectrum was studied at
L% resolution. In both runs, a single gamme ray was found at 803 kev,
agreeing within 0.5% with one of the gamma rays found in the spectrum of
B1206. Since careful search has failed to reveal other gamma rays from
PoElO, it is probable that the observed line is due to a transition from
the first excited to the ground state of Pbe00, tThis is probably the same
excited level found from the triton groups in the cyclotron-induced reaction,
Pb?97(d t) Pb206, which has been reported at 860 kev (MIT Laboratory for
Nuclear Science and Engineering, Progress Report, April 1, 1950). In the
present work, the K:L ratio of the internal conversion in Po210 nas been
determined as 3.7t0.5. However, since the theoretical values of K:L have
not been calculated for the high atomic numbers, one cannot yet infer the
multipole order of the transition. Comparing with the values of K:L cal-
culated for atomic number 35, which is not a reliable procedure, a spin
change of U is indicated. If this were the correct spin change, an 803-kev
stefe would have a lifetime of 0.01 sec. However;, such a large spin changs
is not consistent with the finding at MIT that both triton groups are of
nearly the same intensity. As another conclusion from this work, it may be
noted that only one gamma ray is emitted for about 102 alpha particles;
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hence, the excitation of this level could not explain the structure of the
alpha spectrum reported by Chang. A report of this work will soon be sub-
mitted for publication in Physical Review.

(D.E. Alburger)

Gamma-Ray Transitions

New gamms rays have been found in the following cases:

catld (2.54), previously reported to have a 520-kev gamme ray, is shown
to have two gamma rays, of 495 and 529 kev, respectively.

W Dbombarded in the Oak Ridge reactor is found to have high energy
gamma rays which yield photoneutrons from Be but not from D. The activégy

decays with a half-life of approximately 3 months, and may be due to Wt
formed by successive neutron capture from Wlo6(n ¥)wloT(2kn)(n 7)wlS8,

(D.E. Alburger, E. der Mateosian, M. Goldhaber)

Angular Distribution of Neutrons Scattered by Deuterons

Because of its bearing upon the nature of nuclear forces, the angular
distribution and differential cross section has been investigated for neu-
trons of 4.5 and 5.5 Mev scattered by deuterons. Neutrons of these energies
were obtained from a deuterium gas target bombarded by deuterons in the Van
de Graaff accelerator of the Department of Terrestrial Magnetism, Carnegie
Institution of Washington. Neutrons emitted within 3° of the forward direc-
tion, having s calculated energy spread of 1100 kev, were incident upon the
scatterer, which consisted of either 7.5 cc of deuterium gas at atmospheric
pressure, or a 0.001" film of heavy paraffin. Recoil deuterons ejected at
various angles from the scatterer were detected by a twofold coincidence
telescope consisting of proportional counters filled to a pressure of a
few cm Hg with a 25:1 mixture of argon and 002. This arrangement gave a
low background when the scatterer was removed.

The count of recoil deuterons at each position of the coincidence tele-
scope was normalized to the same number of counts from a monitor counter
which recorded protons from the D-D reaction; it therefore indicated a fixed
total yield of neutrons. The absolute yield of the neutrons was obtained by
making use of the cross section as measured by Hunter and Richards (Phys.
Rev. 76, 145 (1949)). This, together with the amount of scattering mater-
ial and the gecmetry of the apparatus, was used to calculate the absolute
values of the n-d differential scattering cross section. When hydrogen was
substituted for deuterium in the scatterer, the distribution of recoil pro-
tons corresponded to isotropy in the center-of-mass system, and the total
n-p cross section agreed with published values of Bailey, Bennett, Bergstrahl,
Nuckolls, Richards, and Williams (Phys. Rev. 70, 583 (1946)).

The n-d scattering is compared in the accompanying figures with values
derived from the theory of Buckinghem and Massey (Proc. Roy. Soc. Al79, 123
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(1941). The ratio of the differential cross section at 180° to that at the
minimum is approximately 5:1 at both energies; this is much larger than the
ratio predicted by the theory based upon exchange forces. If one assumes a
reasonable extrapolation of the experimental curves over the region where
apparatus geometry made it impossible to get data, a value of the total cross
section is obtained which is in reasonable agreement with that of Nuckolls,
Bailey, et al. This work has been submitted for publication in Physical

Review.

(E. Wantuch)

Asymmetries in Angular Distributions of Photoneutrons

In the one-particle model of the nucleus, the angular distribution of
neutrons ejected by gamma rays is directly related to the wave function which
describes the motion of that neutron in the potential well of the nucleus.
Therefore, a systematic study of the angular distribution of photoneutrons
from various nuclei with different gemma-ray energies may be expected to
throw light on the structure of nuclei and guide further progress in the
theory. Using the betatron at the Picatinny Arsenal as a source of 20-Mev
gamma rays, the angular distributions of photoneutrons from Bi, Pb, and W
have been investigated. In order to limit the investigation to the neutrons
coning off with the highest energy, i.e., those most loosely bound to the
nucleus, the detector consisted of a stack of aluminum plates enclosed in a
cadmium shield; the beta activity induced therein by the n-p reaction, which
has a threshold at 4.6 Mev, was measured with a thin-walled G-M counter.

After a 10-minute irradiation in the betatron beam, the aluminum plates were
counted. A decay curve was plotted to determine the activity of the 9.6m
half-life of Mge-, this being taken as a measure of the fast neutron inten-
sity. The targets were in the form of cylinders, 3/4" in diameter x 3" long,
placed with the axis perpendicular to the beam and to the plane within which
measurements were taken. Detector foils were placed close to the cylinder

and in azimuths to catch neutrons ejected forward and at right angles to the
beam. After making a small correction for neutrons from the betatron beam
which were scattered isotropicelly in the target, the photoneutrone ejected
from the targets were found to be quite asymmetrically distributed, with
approximately twice as many coming off at the 90° position as in the forward
direction. This asymmetry for fast neutrons is in contrast with the isotropic
distribution found in Pb and Fe by Price and Kerst (Phys. Rev. 77, 806 (1950)),
who detected the slow neutrons as well. Comparing the total cross section for
the fast neutrons with that reported by the above authors for the total neutron
yield, it appears that only about one tenth of the total yield has sufficient
energy to activate the aluminum detector. Because of the nearly continuous
energy distribution in the betatron beam and the poor angular resolution of
the detectors used in these experiments, it is difficult to carry the theo-
retical interpretation beyond noting that the results are consistent with a
distribution of the form A+Bsin26§ such as would be expected from dipole
transitions. This work has been submitted for publication in Phygical Review.

(H.L. Poss)



The Capture Cross Sections of Nuclei for Fast Neutrons

The capture cross section of s nucleus for neutrons in the l-Mev region
is proportional to the level density of the compound nucleus with the corres-
ponding excitation. The cross sections can be measured quite accurately in
this region with unmoderated fission neutrons (Huaghes, Spatz, and Goldstein,
Phys. Rev. 75, 1781 (1949)); the results give information on level density
which is important for developing the theory of the highly excited states of
the nucleus. Neutron cepture in nuclei containing 50, 82, or 126 neutrons
results in a compound nucleus of low excitation and low level density. Hence,
the cross section is extremely low (Hughes and Sherman, Phys. Rev. T8, 632
(1950)). Adding to the many cross sections which have already been measured
in this program, nuclei near the magic numbers and some normal nuclei are
being measured. The materials have been irradiated at the Argonne National
Laboratory and the activities, which are long lived, are being followed at
Brookhaven National Laboratory.

New results may be stated as follows: a) Several nuclei containing 100
to 115 neutrons all have normal cross sections of about 150 millibarms.
b) Nuclei near the magic numbers, such as those containing 84 and 86 neutrons,
have cross sections below the normal value but above the extremely low values
characteristic of the magic numbers. c¢) Since Rul02 has a cross section of
only 5 millibarns, there seems to be evidence for a closed shell at 58 neu-
trons.

Arrangements are being made to construct a fast neutron source on top
of the reactor which will provide 100 times more intensity than the one pre-
viously used at Argonne. This will enable fast neutron work, such as cross-
section measurements and studies of gamma rays resulting from neutron cap-
ture, to be continued as soon as the reactor is in operation.

(D.J. Hughes, R.C. Garth)

Stationary Properties of the Nuclel

Nuclear Magnetic Resonance of Sbl2l gnd spi23

The failure of earlier attempts to find a magnetic resonance absorption
of the Sb nucleus in Sb20 and SbCl3 mey be attributed to the strong coupling
between the electric quadfupole moment of the Sb nucleus and the nonuniform
electric field of these two molecules, which might prevent the nucleus from
precessing in the applied magnetic field., Therefore, a search was made for
resonances with the SbClé ion in which the Cl atoms are believed to be sym-
metrically arranged to give a uniform electric field at the Sb nucleus. To
obtain this ion, HSb016 was dissolved in HCl. Distinct resonances in a
magnetic field of approximately 9700 gauss were obtained in the vicinity of
9800 k¢ and 5300 k¢ which could be identified, according to spectroscopic
information (Crawford and Bateson, Canadian Jour. Res. 10, 693 (1934)),
with Sbl2l and sbl23, respectively. In a repeated series of readings, the
magnetic field was electronically stabilized to 1 in 50,000, and frequencies
were standardized against station WWV. The resonance frequencies were then
compared with known values of neighboring resonances, that of Na in solid
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NaCl for sbl2l, and that of D in D0 for Sbl23. The observed frequency
ratios were:

v(sblal)
v(Na?3)
v(Sb123)
(D)

Using Bitter's value (Phys. Rev. 75, 1326 (1949)) of the ratio ¥(Na)/v(H) =
0.2645010.01%, and using a first-order diamagnetic correction for Sb of
1.00517, and for the Hy, molecule (used by Bitter) of 1.000027, the ratio of
the g-values turns out to be:

= 0.9046910.00004

0.844240.0001

g(Sbl2l)
'"?ETS"’ = 0.2405210.00003
g

The spectroscopic value of the spin of sbiel is 5/2 and the magnetic moment
of the proton (Taub and Kusch, Phys. Rev. 75, 1481 (1949)) is yg = 2.7935%
0.005% nuclear megnetons. Therefors, the magnetic moment of Sbl2l is 3.3595%
0.0004 nuclear megnetons. In similar manner, the magnetic moment of Sbl23
can be derived from the ratio of the g-values of the deuteron %nd proton,
together with the spectroscopic value 7/2 for the spin of Sbl2 . One obtains
g(sb123)/ g(El) = 0.13025:0.00002, and u(Sb23) = 2,5470£0.0003 nuclear
magnetons. The ratio of the g-values of the antimony isotopes is g(Sblel)/
g(Sbl23) = 1.8466, whereas the value reported from spectroscopic evidence by
Bateson and Crawford was 1.82+0.02. This work has been submitted for publi-
cation in Physical Review.

(V.W. Cohen, W.D. Knight, T. Wentink, Jr., W.S. Koski)

High Fnergy Particle Physics

Meson Production by Primary Cosmic-Ray Protons

In the last quarterly report (BNL 51 (S-5)), results were given of the
analysis of nuclear disruptions, or "stars," observed in photographic emul-
sions exposed, during balloon flights, to the primary cosmic-ray protons at
two different latitudes -- a northern latitude, where protons of all energies
above about 1 Bev were present, and a southern latitude, where only high
energy protons above about 8 Bev were present. The analysis attempted to
discern a possible effect of the different energy spectra of the primary
protons on the multiplicity of mesons produced in a star, the tracks
exhibiting minimum grain density being attributed to relativistic mes-
ons.*¥ However, no change in average multiplicity of the meson tracks ap-
peared above the statistical fluctuations in the samples which had then been
analyzed, and it was clear that the multiplicity did not depend strongly
upon the proton energy. The results did show, however, that the multiplicity
of meson production in heavy nuclei of Ag and Br exceeded that in the light
nuclei C, N, and 0. This was taken as evidence that mesons are probably pro-

*These tracks cannot yet be identified with absolute certainty with relativistic
mesons; they are referred to as meson tracks to simplify the language.



duoed singly, or, at most, doubly, at each nuclecn-nucleon collision, the
cross section for production being nearly independent of the energy, and
that the number of such nucleon-nucleon collisions per traversal of the
nucleus by the incoming proton is greater in the heavier than in the lighter
nuclei.

In more recent analyses submitted for publication in Physical Review,
attention has been directed to the variation with latitude, or with proton
energy, of the multiplicity of meson tracks appearing in each of two classes
of star size -- the small stars with less than 6 heavy prongs, which can be
identified with nuclei in the C,N,0 group, and the large stars with 9 or
more heavy prongs, which can be identified with Ag or Br nuclei. When
broken down in this way, the data definitely show that, whereas there is
no change of multiplicity of meson production with proton energy in the
light nuclei, the average multiplicity in heavy nuclel increases from 3.2+
0.k to 5.2%0.4 in going from the high to the low latitude. These figures
apply to proton-induced stars having at least one outgoing relativistic
particle. By a subtraction process, one finds that the average multiplicity
of mesons produced in the heavy nuclei by protons in the 1 to 8-Bev range
is only about half that produced by protons in the range above 8 Bev. Very
similar results are obtained if proton-induced stars with no outgoing rela-
tivistic particles are included in the count. Since there is no change with
latitude in the multiplicity of mesons produced in light nuclei, it is pos-
sible to rule against the previously existing possibility that the multipli-
city in single nucleon-nucleon encounters might depend upon proton energy.
The increase of multiplicity with proton energy in heavy nuclei must then
be evidence that there are more meson-producing encounters between nucleons
in these nuclei when the energy of the incoming proton is higher. For pro-
tons in the 1 to 8-Bev range, the average multiplicity of meson production
is the same in both light and heavy nuclei, i.e., about 1.5 per star. This
would seem to indicate that the meson producing ability of a proton in this
energy range is fully expended even in the light nuclei. It is also noted
that the average multiplicities observed are too low to be readily reconciled
with other measurements of total meson intensity.

Further evidence, not yet prepared for publication, for the general view
that multiplicity of meson production results from multiple collisions be-
tween nucleons within the nucleus, and not from a single collision between
two nucleons, has been found in a study of the angular distribution of the
meson tracks. In the case where single mesons are produced by a high energy
proton in collision with a light nucleus (stars produced near the equator
with less than 6 heavy prongs), the median angle between the incoming pro-
ton and the outgoing meson is about 20°. An angle of this magnitude is
consistent with the assumption that a single meson is emitted with random
direction in the center-of-mass system of two colliding nucleons, with only
enough energy lost in the process to create its mass. When more than one
meson is produced, or when a larger number of heavy prongs in the star indi-
cates considerable cascading in a heavy nucleus, the mesons diverge from
the direction of the incoming proton by much larger angles, the median in
this case being about 40°.

(E.0. Salant, J. Hornbostel, C.B. Fisk, J.E. Smith)
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Design of Permanent Magnets for Cloud Chamber Work

For the measurement of the momenta of cosmic rays, a magnetic field
can be placed between two cloud chambers. 1In thils arrangement, the air gap
of the magnet can be made much smaller without loss of counting rate than
when a cloud chamber is mounted between the pole pieces of a magnet; for
small gap widths, a permanent magnet is capable of producing a strong mag-
netic field. Since angular deflections of rays passing through the cloud
chambers and the magnetic field are to be measured, the product of the mag-
netic field intensity H 1in the gap and the height of the pole faces h
should be made as large as possible in order to extend the measurements
toward larger momenta. Models of such magnets have been tested in order to
determine the optimum amount and distribution of the magnetic alloy.

A simple and approximate calculation shows that, if the variables are
chosen appropriately, one single constant can be adjusted so that all the
experimental results can be fitted, within a few percent, to a universal
function., By means of a simple coordinate transformation of the universal
curve, one can then predict field intensities, or determine optimum con-
struction of a large variety of permanent magnets. Reascnable accuracy
can be expected as long as the ratio of gap length to linear dimension of
the pole faces 1s less than l/h, a8 condition which will probably always be
met in cloud chamber work.

A few examples are calculated, among them the present problem to maxi-
mize the product Hh. The field intensity to be expected from s magnet of
quite different dimensions constructed by Brode is also checked, and satis-
factory agreement is found,

Finally, details on the desigh of the large magnet constructed at the
Laboratory are presented. This work is being submitted to Review of Scien-
tific Instruments for publication.

(R.P. Shutt, W.L, Whittemore)

Neutron Reflection and Diffraction

Coherent Neutron-Proton Scattering by Ligquid Mirror Reflection

The experiment to measure the coherent scattering amplitude of hydrogen
for slow neutrons, described briefly in the last Quarterly Progress Report
(BNL 51 (S8-5)), has now been repeated by a somewhat more refined technique,
giving a more reliable result, but one which agrees, within the probable
errors, with that previously reported. This quantity is important to mea-
sure because of its direct bearing upon the range of the neutron-proton
force field. In the new experiments, as in the old, the amplitude of hydro-
gen is compared with that of carbon; the latter is well known from trans-
mission measurements. The method takes advantage of the fact that the neu-
tron index of refraction of a material depends only upon the sum of the
coherent scattering amplitudes of its constituents. Since the scattering
amplitudes of carbon end of hydrogen are of opposite sign, it is possible
to find hydrocarbons in which the carbon and hydrogen roughly balance and



the total amplitude is approximately zero; a relatively inexact measurement
of the residuasl scattering amplitude, combined with an accurate determination
of the ratio of C to H, will yileld an accurate value of the ratio of the
scattering amplitudes. The residual scattering amplitude of such a liquid

is determined by measuring the critical angle of reflection from the liquid
surface. This gives immediately the index of refraction and the residual
scattering amplitude.

This scheme was first used with triethyl benzene (C;,H 8) (Phys. Rev.
77, 291 (1950)), but two improvements have now been effec%eé. The liquid
mirror and collimator have been redesigned to increase the reflected inten-
sity by a factor of ten and to give a negative meniscus of the liquid sur-
face, so that no part of the reflected beam is affected by transmission
through the mirror material., Also, a method was introduced for determining
the ratio of the carbon and hydrogen amplitudes which eliminated the need
for any exact knowledge of the neutron spectrum in the beam. The method
depends upon finding angles 6, and 6, at which liquids 1 and 2 reflect
with the same intensity. The critical wavelength for a given glancing angle
f 1is given by

A = (n6P/5ngay)M12,

where n; is the concentration of atoms of type 1, and ay is their
scattering amplitude. If nH/nC =R end ag/ag =7, then 3nja; = npag
(1 + R/y), end:

2 - . 52
NG =mb v [/ ncac(yfR)

The intensity of the reflected beam is very sensitive to Ab' For example,

with a Maxwell distribution in which the average A is small compared with

Kc, the intensity of the reflected beam will vary inversely with the fourth

power of Ac. If the intensity of reflection from liguid 1 at angle & is
equal to that from liquid 2 at angle 62, then the ecritical wave lengths for
these two cases is the same, and:

(7+By) / (74Rp) = (912/922)(n01/ncg)

Parenthetically, it may be mentioned that it was usually more convenient
to plot intensity versus angle, and then interpolate to find the angle for
one liquid at which the intensity would be the same as for a known angle of
the other liquid. From the sbove equation, one may solve for < . The
results gave the value ag = 3.77 £ 0.03 x 10713 cm, which differs by less
than the probasble error from the earlier value of 3.75. However, this value
may be altered slightly by a better analysis of the liquids used. Since, in
the latest work, a series of wavelengths and several different liquids of
varying molecular structure were used with no effect on the result, it is
unlikely that the determination is subject to any systematic error.

(D.J. Hughes; M.T. Burgy, G.R. Ringo, Argonne National Laboratory)
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Small Angle Neutron Scattering

When a well-collimated beam of neutrons or X-rays is passed through
finely divided material, the beam is found to diverge. This is attributed
to diffraction and refraction occurring at each individual particle. Much
X-ray work has been done in this field, but the interpretation has always
been made according to either the theory of Rayleigh-Gans or Guinier (dif%
fraction only), or the theory of Von Nerdroff (refraction only). In general,
it was found that particles of size ~100-500 2 gave results agreeing with
Reyleigh-Gans, while particles greater than ~50,000 2 agreed with the Von
Nardroff theory. Recently, Van de Hulst has shown that, for electromagnetic
radiation, both the Rayleigh-Gans and Von Nardroff theories are limiting
cases of the correct approach to the problem. The important distinction is
the magnitude of the phase change of the radiation while traversing the
particle, in comparison to that while traversing the same distance in vacuo.
If the relative change . p¢<<1, the Rayleigh-Gans theory is valid, while if
o¥*l, Von Nardroff's theory is valid. In this new work, which is being pre-
pared for publication in Physical Review, the theory has been extended to
cover neutron scattering; experiments have been performed with neutrons from
the Oak Ridge reactor to check the theory for all ranges of . In addition,
the dependence of the broadening of the beem on the relevant parameters (wave
length, particle size, sample thickness, and scattering cross section) were
checked. A method was also developed to use small angle scattering in pow-
ders to determine the phase of slow neutron scattering and the coherent
scattering cross sections.

In developing the theory, the particles are assumed spherical, vwhile
the incident neutrons are represented by a plane wave. The index of refrac-
tion n of all materials gor neutrons is very close to 1, and is represented
by n =1 -8 where 05™M0°°. 1In traversing the particle, the wave remains
essentially plene, but neutrons traversing different chords of the sphere
suffer different phase changes. The superposition by Huygen's principle of
emergent amplitudes leads to the correct intensity distribution. The devia-
tion of the neutrons in traversing the medium is neglected, since this is a
second-order effect. This type of analysis leads to a differential scatter-
ing cross section

o(6) = K - e 175 (x r sin 6)rar | 2,

where R < radius of particle

© = phase change = k & X,

i

k = wave number in vacuo, and

t

X =~ chord length.

The above method is similar to that used by Fernbach, Serber, and Taylor
(Phys. Rev. 75, 1354 (1949)) for high energy neutrons scattered by nuclei,
and the method of evaluation of the integral is due to Van de Hulst ("Optics
of Spherical Particles,” Recherches Astronomiques de l'Observatoire d'Utrecht
11, Part 1, Amsterdam, 1946). For small and large values of P, the integral
reduces to expressions agreeing, respectively, with the Rayleigh-Gans theory,
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which predicts a half-width of the emergent beam proportional to A»/R (A =
wavelength), or with the Von Nardroff theory, which predicts a half-width
proportional to 3. In the case of many small particles in a powder sam-
ple, coherence between particles must be taken into account; for large parti-
cles where p>>1, the particles can be considered completely independent,

and the final distribution is Gaussian.

In carrying out the experiments, a neutron beam from the Oak Ridge
reactor of half-width of about 1 min was reflected from a mirror set at the
critical angle for neutrons of sbout 2 R. All neutrons in the Maxwellian
distribution from the reactor with wavelength above 2 2 passed through_the
powder sample., A traveling slit mounted on a vernier in front of a BF
counter plotted the contour of the beam. The fact that the beam was not
monochromatic led to no real complications in the interpretation of the data.

In the refraction range, the broadening as a function of N, A, 3§,
and R was checked and found to agree with the Von Nardroff formula:

we - W,2 = CN 52 {log(2/s) + 1} ,

where W = half width,

Wo = half-width of original beam,
N = number of particles traversed,
8 = difference of index from 1, and
C = constant,

The term {log (2/8) +'1} contributed little, and was lumped 1nto .the
constant, giving the approximate form:

W2 - W2 = cN 52

The dependence of W on & was checked, using many different elements for
which coherent scattering amplitudes are known, such as Bi, Ti, Mg, Cr, P4,
Cb, 8iC, and Ni, keeping the number of particles constant by making the path
lengths constant, and using differential mesh grading to restrict the parti-
cle size. A straight line was obtained in plotting w2 - wg versus 9.
The correct dependence of W on N and A, and its independence of R were

shown.

By successive grading of Bi powder, it was possible to obtain a curve in
the transition region which showed a slight deviation from Gaussian. In the
diffraction range, finely divided carbon black (~300 ﬁ) was used. The curves
were qualitative, but indicated definitely that refraction theory is not ap-
plicable, since the half-width was too small and the shape was not Gaussian,
The carbon black was supplisd by Columbia Carbon Company through the courtesy
of Dr, R, Ladd; grain size was measured by an electron microscope.

The sign of the coherent scattering amplitude was determined by a method
suggested by M. Goldhaber. Using particles in the refraction range, the
broadening of the beam was first determined for the dry powder sample. The
same sample was then lmmersed in CS, and the broadening again noted. If the
material hes a positive scattering emplitude, the addition of the CSp, which
is also positive, decreases the relative index of refraction and the half-width;
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Small angle scattering of neutrons in bismuth and manganese powders, show-
ing the effect of immersion in CSp. Since both Bi and CS, have positive
scattering amplitude, the scattering is reduced by immersion, while the
reverse is true in Mn, which is negative.

1f negative, CS, increases the half-width. Curves for Mn (negative) and Bi
(positive) are shown in the accompanying figure. The following materials
were shown by this method to have positive amplitude: P4, Cb, Mo, Si, P,
Te, and Ru. No new negatives were found, but Ti was confirmed as negative.

The value of the coherent cross section could be determined by measur-
ing the broadening with and without the CS,, but, as yet, this method is
not very accurate.

(R.J. Weiss)

Theoretical Topics

The Self-Energies of Quantum Field Theory

The modification of the usual perturbation theory as applied to quantum
field theory, which was recently introduced by Snyder (Phys. Rev. z@, 98
(1950)), has now been applied, in a paper for the same journal, to the cal-
culation of the photon self-energy. Although the theory allows any single
ambiguous divergent integral take on any desired finite value, including
zero, one must be careful that the assignments of ambiguous integrals appear-
ing in the expressions for different physical quantities are consistent with
one another. 1In the present work, it is shown that, to the order ez, both
the photon self-energy and the current associated with a mixture of O-photon
and l-photon states cannot simultaneously be set equal to zero. Finally, it
is shown that the requirements of relativistically invariant definitions for
a photon and an electron, together with the condition that the true vacuum



13

state be stationary, imply that both the total photon and the electron self-
energies must vanish.

(G. Snow, H.S. Snyder)

Difference Equation Method in Cosmic¢ Ray Shower Theory

In a paper for Physical Review, the recent results of Snyder and Bhabha-
Chakrabarty for the cascade theory of cosmic ray showers are shown to be de-
rivable from a general approach involving the use of the Laplace and Mellin
transforms and of a general and powerful method, due to Snyder, for solving
the resulting difference equations. Boundary conditions are introduced in
e natural and automatic way. The accuracy of the solution is limited by the
possible ways of evaluating the resulting triple-complex integral.

(W.T. Scott)

Improved Calculations on Cascade Shower Theory

In a study to be published in the Physical Review, the diffusion equations
of cascade shower theory are solved by means of & perturbation method. The
first approximation is taken to be that solution obtained when the so-called
completely screened cross sections are used for the elementary processes of
bremsstrahlung and pair production. The correction to this is then calculated,
using more refined approximations to the Bethe-Heitler cross sections.

The results, which lend themselves to accurate numericel work only in
the case of light elements and high incident energies, indicate: 1) The
shower maximum is decreased in height and shifted slightly to greater depths.
2) There is a decrease in the sverage number of electrons present at small
absorber depths, and a correspondingly larger number at large depths. The
magnitude of the latter effect is larger than had been previously thought.
Numerical résults are given, so that the correction to the solution under
the assumption of completely screened cross sections can be readily calcu-
lated for all light elements when the incident particle is either a single
photon or a single electron.

(I.B. Bernstein)

Besides the new research, three compilations have been completed by the
Physics Department; they are scheduled for publication in Reviews of Modern
Physics.

The first of these, done in collaboratinn with the University of Wisconsin,
is & revision of the summary of neutron cross section data and references
originally compiled by Goldsmith, Ibser, and Feld (Rev. Mod. Phys. 19, 259
(1947)). The compilation gives, in chart form, the cross section of an ele-
ment as a function of neutron energy, bringing this subject up to date as of
sbout May, 1950. It is scheduled for publication in the July issue of Reviews
of Modern Physics (R.K. Adair).
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A second compilation, done in collaboration with California Institute of
Technology and Cornell University, summsrizes the literature on the excitated
states of iight nuclei. It brings the previous compilations of Hornyak and
Lauritsen (Rev. Mod. Phys. 20, 191 (1948)) and of Lauritsen (NRC Committee oh
Nuclear Sciences, Preliminary Report No. 5, 1949) up to date as of June, 1950.
The range of the survey includes all the light nuclei up to and including the
neon isotopes. The compilation is in the form of an annotated bibliography
with disgrams showing energy levels and the various reactions involved in
their excitation and decay. A table containing the best values for the radio-
active constants and the corresponding "ft" values is given at the end of the
compilatiol. This work is scheduled for publication in the October issue of
Reviews of Modern Physics. (W.F. Hornyak; T. Lauritsen, W.A. Fowler, Cali-
fornia Institute of Technology; P. Morrison, Cornell University).

A third compilation, also scheduled for publication in the October issue
of Reviews of Modern Physics, gives the energy levels and processes by which
they are excited for isotopes in the range Naj; to Capg. This work includes
a complete list of pertinent references (&.M. Hafner, D.E. Alburger).




INSTRUMENTATION AND HEALTH PHYSICS DEPARTMENT

Electronics Division

For the past three mouths, the work of the Electronics Division has been
concentrated on instrumentation for pulse esmplitude and time anelysis. Signi-
ficant progress has been made on the precision timer for S.A. Goudsmit's time-
of-flight mass spectromster. A single-channel and s ten-channel pulse height
analyzer have been built and tested. M. Sands has developed and tested a
delayed coincidence circuit with a resolving time of less than 2.8 x 1077 sec.
Work has continued on the auxiliary equipment for use with pulse analyzers:
improvement of the precision-regulated high voltage supplies and design of a
novel nonoverload amplifier. The crystal-growing oven is now in operation.
Spectra of the newly discovered liquid scintillators have been recorded.

The other major field of work has been in health physics instrumentation.
Special monitoring equipment has been developed for use in the hot lab and
around the accelerating machines. Some of the equipment used in the moni-
toring shacks has been revised and improved.

Miscellaneous instruments reported on include: a circuit for integra-
ting the beam current of the 60" cyclotron or the Van de Graaff accelerator;
a monitoring device for civilian defense applications based on a photomulti-
plier and cold cathode trigger tube; and two photoelectric densitometers for
detecting traces of smoke.

Timer for Time-of-Flight Mass Spectrometer

The basic principles of this timer were described in the last quarterly
report. The instrument is now about half completed. All fundamental cir-
cuits have been developed and tested, except those for modulation of the
pulse amplifier. The time standard is a l-megacycle crystal oscillator,
Ring scalers divide this frequency down to a repetition rate which may be
100 or 300 cycles. They also provide gates of 1, 10, 100, or l0CO-micro-
second duration, conveniently selected by tap switches. Three switch chan-
nels select l-usec gates for the pulses which modulate the ion source and
for the two sweeps for observing the first and nth revolutions of the ion
packet. It is desired to measure the time to 0.0l usec, so each l-usec
gate will select a fast precision pulse. The latter will be phased relative
to the master l-Mc wave by means of a tapped delay line with O.l-usec steps
and a continuously variable line for interpolation. The slow circuits (1 Mc
and down) have been constructed and tested. The fast circuits have been
designed and tested on breadboard. The scope tubes and high voltage supply
are complete. A circuit has been built for calibrating the fast circuits.

Pulse Height Analyzers

Increasing demand for both single and multiple-channel instruments has
stimulated a search for more stable and more flexible circuits than have pre-
viously existed. In the past, several single-channel instruments were built

15
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here similar to those developed at Los Alamos during the war. A multiple-~
channel instrument using a conventional cathode-ray tube with photocells, and
a ten-channel instrument using a special beam deflection tube, as described
by Watkins (Rev. Sci. Inst. 20, 495 (1949)), were also built. The former did
not prove at all promising; the latter was not stable enough under test, even
thought the auxiliary circuits were improved in s number of respects. In this
quarter, a ten-channel instrument was built using s circuit developed at Ozk
Ridge. This includes an expansion smplifier and discrimination anticoinci-
dence circuits using the new type 6BN6 tube. This system has checked out
fairly well, the discriminators being constant for several hours to about 1%
of the channel width. With the expansion amplifiers, the channels are effec-
tively 1% of the maximum signael. Work is now directed towards improving the
whole system, so as to achleve over-all stability consistent with the stabil-
ity of the analyzer. In fact, it will be possible to prove the stability of
the analyzer only after the other components are stable end calibrated.

A different circuit has been developed for a single-channel instrument
in which advantage is taken of the sharp and reliable cutoff of crystal
diodes. Because of the finite back resistance, it is necessary to drive the
crystals from separate cathode followers in this curcuit. In spite of pro-
vision for convenient calibrating, the stability of this circuit is not yet
as high as it should be. This unit is equipped with motor-driven potenti-
ometer, so that curves can be run automatically (P. Prentky).

The interest in pulse height analyzers is project wide. The AEC Instru-
ment Branch has set aside $10,000 for production of 10 single-channel instru-
ments by a private firm. This contract will be handled through the Lebora-
tory, which will also purchase some units for its own use.

Coincidence Circuits

A fast coincidence circuit has been worked out. The basic idea is one
which has been used at M.I.T., Chalk River, and elsewhere. This system weas
chosen after an analysis of all the currently known systems capable of achiev-
ing short resolving times. Stilbene crystals are used, although other scin-
tillation materials may be quite as good for this purpose. The electronic
circuit includes 1P21 photomultipliers followsd by cathode followers, 100-
ohm cable to Hewlett Packard 460A distributed constant amplifiers (rise time
of 2.6 x 10-9 sec, and gain of 8), and a 100-ohm cable to the coincidence
circuit. The coincidence circuit consists of two 6AH6 tubes with a shorted-
line common plate load. The signal across the line would ideally be twice
as large for a coincidence as for a single signal. Discrimination is
achieved by a diode crystal which charges a condenser. The condenser signal,
being slow, is amplified by a conventional amplifier with gain of 1000 and
fed into a conventional high level discriminator. Minimum useful signal
corresponds to 5 electrons st the photosurface of the multiplier. Care is
exercised throughout to minimize ceapacity and inductance in the fast cir-
cuits. The "speeds" of all components -- crystal, photomultiplier, amplifier,
and coincidence circuit -- are comparable, and give a measured half-width at
half meximum of less than 2.8 x 109 sec. The resolving time was measured
carefully; optimum conditions were determined with the use of a special
pulser snd various lengths of coaxial cable. Delays are introduced by vary-
ing the length of cable between amplifier and one side of the coincidence
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circuit. The pulser makes use of a Western Electric D168479 mercury-contact
relay (it 1s necessary to remove the top of the metal tube and use very direct
wiring to the contacts if oscillations are to be avoided). The rise time of
the pulser is considerably less than the resolving time of this instrument,

A final check was to measure the velocity of coincident gamme rays from Co6 .
The two crystals were mounted about 10 cm apart, and the source was placed
first near one and then near the other. The displacement of the time distri-
bution of pulses gave the speed (M. Sends).

Another coincidence circuit has been designed for a study of the polari-
zation of gamma rays. Four counters will be used. The circuit consists of
4 amplifier channels and 3 coincidence stages. Coincidences are to be taken
between pairs of counters, and then between the outputs of the first two co-~
incidence stages. The rise time of amplifiers will be less than 0.1 psec;
the resolving time will be of the same order of magnitude (M. Sands,

P. Prently).

Amplifiers, Power Supplies, and Crystals

To get precise information from pulse helght measurements, the stebility
of amplifiers and power supplies must be pushed to the limit. The stable
high voltage supply described in the last quarterly report gave some trouble
because of heater cathode leakage in the 2¢53 high voltage amplifier tubes.
Although the manufacturer rates the tube to stand 300 v between cathode and
heater, measurements show that leakage increases from a few pemp to several
mils, or even short circuit, in a period of a month. A minor revision of
the circuit has eliminated this difficulty. A paper describing this supply
is in preparation.

A pulse amplifier has been designed which is highly stable and which
recovers instantly from any amount of overload. It has a rise time of 0.2
usec and a gain of 10,000. The amplifier consists of 3 feedback loops with
d.c. coupling throughout, so that there are no capacities which can be charged
during overload. To hold the tubes in reasonable operating range, there is
also d.c. feedback from the output of the amplifier to the bottom of the in-
put resistor. This feedback is bypassed for the pulse frequencies, and the
low frequency cutoff is determined by the constants in this feedback path.
Gain stability is provided by the feedback within the loops and by the fact
that the operating voltages and currents throughout are held constant by the
over-all d.c. feedback. Nevertheless, it was found necessary to regulate the
heater voltage, because the feedback factor is not high enough near the upper
cutoff frequency, and because G, of the tubes is a function of the heater
voltage -- even when the tube current is held constant. An expansion ampli-
fier has also been developed which is suitable for insertion between this
amplifier and a pulse height analyzer (R.L. Chase).

It has been found necessary to regulate the heater voltage in the Brewer
nonoverload amplifier, which was developed at the Laboratory last year.

A number of people are exploring the possibility of using various liguid
solutions for scintillation counting. Anthracene dissolved in xylehe is ome
promising combination. Addition of mineral oil {Nujol) enhances the effect.
The spectra of solutions and solid heve been compared to find out whether the
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mineral oil increased the light output or shifted the emission bands. Exci-
tation by mercury arc and gamme rays give the same.effect. Crystalline
anthracene gives two main bands, at L4460 and 4725 2. The solutions give
three bands, at 4500, 4260, and 4020 A, in order of inc¢reasing intensity,
regardless of the emount of mineral oil. Addition of the oil increases the
light output by about 75%.

The crystal-growing oven is now in operation. Temperature is stable to
0.2°C. The ampule is lowered at the rate of 1" per 20 hr throughout a 6°
temperature differentisl across a 1/2" gap. One good large anthracens crys-
tal has been made, and another is presently being annealed.

Health Physi¢s Instrumentation

At the request of the AEC, the Division has proceeded with the investi-
gation of the possibilities of a scintillation detector for civilien defense
applications. Funds have been made avsilable, and a development contract
has been placed with Westinghouse for a more rugged, miniature version of the
WL-759 trigger tube. First samples of this new tube are now being tested.
The design of a suitable vibrator power supply remains as the major problem
to be solved before proceeding to package the unit. Funds are being ear-
marked for the second phase of the development, comprising the packaging and
production of prototypes for evaluation.

A continuous monitor has been designed to operate near the target of the
cyclotron. The power supply operates on the a.c. mains, and uses the same
regulator circuilt developed for the high voltage application mentioned above,
The. monitor consists of a carefully shielded ionization chamber followed by
electrometer tube and d.c¢. feedback smplifier. Full-scale sensitivities,
which are selected at the remote meter, are approximetely 0.2, 2, and 20 r/hr.
The instrument is not sensitive to the magnetic or r.f. fields in the cyclo-
tron vault. A similar meter is being constructed for use in the Ven de Graaff
room. Experience has indicated that the grid current of the Raytheon 5T1AX
electrometer tube varies widely from tube to tube; it was found wise to select
tubes where especially low grid current is important.

A number of Beckman MX-3 radiation meters have been modified for labora-
tory monitoring purposes. For operating an alarm or "room hot" sign, a sensi-
tive relay (Sigma 5F) is inserted in series with the meter. In other cases,
teps are brought out for recording at a remote meter. Fourteen such instru-
ments are being installed in the hot lab. Also, the continuous dust monitor,
developed for the area monitoring stations, has been modified to continuously
monitor the dustborne activity in the hot lab ventilating exhaust.

The equipment of the area monitoring stations is being constantly ser-
viced and improved. In addition to servicing, 12 indicator panels were re-
vised during this quarter, the charging circuit of the battery-operated rate-
meters has been changed so that the storage batteries will be automatically
cycled, and a blocking-oscillator high voltage supply is now under test which
will replece the high voltage batteries now in use.
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Miscellaneous

Two other circuits worth mentioning arq a current integrator and smoke
densitometer. The current integrator, which is also a current meter, is
designed for use with the cyclotron or the Van de Graaff accelerator. The
circuit is a d.c. feedback amplifier with very high gain inside the loop.

The current to be measured flows through an input resistor, which is selected
to give the desired sensitivity. The voltage across the input resistor is
read on s l-ma meter with 1000 ohms resistance. When the instrument is inte-
grating, the meter current, rather than the input current, is passed through
a 10-mfd capacitor. When the condenser reaches 100 v, it is discharged, and
the same pulse drives a register (Veeder-Root E124804). The register is
tapped so that equipment can be turned off after collection of a predetermined
guantity of charge. Provision is made for local and remote operation and
indication.

Two types of smoke densitometers were developed for the Meteorology Group.
In both cases, the smoke is drawn through a light-tight chamber &nd scatters
light from a collimated beam into a photocell. The type for use on the ground
uses: & 929 phototube and conventional feedback amplifier. The airborme instru-
ment has a light chopper and 931A photomultiplier tube. The chopper also
flashes a standardizing light pulse on the photomultiplier for part of each
cycle. The output of the photomultiplier is presented on an oscilloscope
located on the ground. The unit is powered from the ground and carried aloft
by several weather balloons.

Publications

1. "A Monitor for Low Intensity Gamma Rays,” J.B.H. Kuper and R.L. Chase,
Rev. Sci. Inst. 21, 356 (April, 1950)

2. "A Monitor for Airborne Radioactive Dust," J.B.H. Kuper, E.H. Foster, and
W. Bernstein, Nucleonics 6, #4, 44 (April, 1950)

Health Physics Division

Liquid Waste Dispossal

Two gaging stations have been completed and put into operation in the
stream to which the Laboratory discharges its processed and filtered liguid
waste ~-- one upstream from the discharge point, and one downstream at the site
boundary. An asutomatic sampler has been installed at the exit from the waste
processing tanks, and is being tested. A second sampler, located at the point
of discharge to the stream, has been completed, but requires modification
before it will operate satisfactorily.

Considerable difficulty has been experienced in obtaining asutomatic samp-
ling devices for monitoring liquid wastes from operating laboratories, because
of the highly variasble flow rate, pH, and solid content. A "Proportioneer"
used for this purpose at the Chemistry Department semi-hot leboratory has been
returned to the factory for servicing. A second such unit has teen installed
at the new biology laboratory, and is being tested. A much simpler sampler
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has been designed by the Architectural Planning and Plant Maintenance Depart-
ment; it will be tried out as a part of the waste system for the cyclotron
building. A homemade sampler for use in neutralizing tanks has been construc-
ted, and works satisfactorily. Further development of this device is planned.

The ﬁaboratory liquid waste effluent had a daily averags activity of less
than 10~ curies per cc on all but three days, when activities of asbout 10-1
c/cc were noted as a result of emptying of Chemistry Department hold-up tank.
This discharge is still negligible when compered with the 3-month average limit
of 3 x 10712 ¢/cc agreed to by the AEC.

Building Survey Opérations

In addition to the usual laboratory surveys, specisl studies have been
made of the Chemistry Department Van de Graaff accelerator, the Biology Depart-
ment electron microscope, and the rectifier tubes in the 60" cyclotron. In
the case of the Chemistry Van de Graaff, it appears that the shielding is
adequate with respect to the direct beam, but that sufficient scattered radia-
tion finds its way out into the laboratory room to make some additional shield-
ing desirable.

Determinations of sensitive volume and counting efficiency have been made
for some BF, counters for neutron surveys. Also, a special ion chamber, cap-
able of evatuation, hes been constructed for assaying air for soft beta emit-
ters. A similar chamber with an open end has proved useful for direct assay
of liquid waste samples. Both charmbers are designed to be used with a stand-
ard "Minometer."

A beta-gamma counting setup has been constructed for "Precipitron" sam-
ples. Its counting efficiency has been determined for various energies of
radiation. A serigs of film calibrations have been made at very high dosages,
using a 2-curie Co O source. These celibrations will be useful in connection
with various irradiation experiments.

Area Monitoring

A number of difficulties with equipment in the ares monitoring stations
have developed as a result of continuous operation over the past year and a
half. Steady improvements are being made in servicing and preventive main-
tenance. Better photographic records of the data are being obtained as a
result of modifications in lighting and camera adjustments. The dynamic con-
denser electrometers have bssn given a major overhaul. Improvements are
being made in the pcwer supplies of the battery-opsrated ratemeiers. An
analysis of area monitoring station performance for the month of April showed
an over-all operating efficiency of 82%. This is an average figure for all
stations and all types of equipment, efficiency being the fraction of the
time during which reliable data is obtained with a given apparatus.

Measurements were made of the effect of the 1l6-curie 0060 source used
for field irradiations by the biologists on radiation levels at the nearest
site boundary. Values approximating the agreed limit of 0.5 mr/day were
found. A study is being made of possible conflicts between use of this field
and operation of the reactor.
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Personnel Monitoring

Approximately 2400 £ilm badges and somewhat fewer pairs of pocket cham-
bers are being processed each month. Neutron films are included in about
100 of these badges.

All personnel monitoring equipment showed less than the weekly limit of
300 mr except in one case where an exposure of 550 mr was indicated by a film
badge. The origin of this indicated exposure is in doubt, since the indivi-
dual is unable to explain ean exposure of this magnitude. Exposures during
civilian defense simulated disasters were all less than 75 mr.

Improvements in the Weston Model 877 densitometer which result in greater
accuracy ag? good reproducibility of readings were describad in Ra-Det (April,
1950, p. 36).

Training

Preliminary editing of the papers given at the training course for repre-
sentatives of casuslty insurance companies in February has been completed.
Final editing and publication will be done in Washington.

A 5-week course in civilian defense against atomic attack was given for
15 representatives from 10 states, Puerto Rico, and the District of Columbie.
The program included 47 lectures, 17 laboratory experiments, and 3 field
exercises. The climax of the course was a simulated disaster, "Operation
Toubstone." For this, a wrecked building was contaminated with 2 curies of
pile-activated KBr, and high %evels of radiation were provided by use of 15
curies of carefully hidden Co O, The trainees were organized into headguar-
ters and field groups, with eppropriate radiological and communication equip-
ment, for a detalled survey of the area. Very pure KBr was used; there is
less than 1 uc total of residusl long-lived activity. A somevwhat similar
fleld exercise was conducted for the New York AEC emergency monitoring team.

Transcripts of papers by outside speakers at the civilien defense train-
ing course have been edited, and will be distributed to the trainees and
other training centers after approval by the authors.

Five AEC fellows, having completed course work at the University of
Rochester, are now at the Laboratory for 10 weeks of experience in health
physics operations.

Each member of the Rsactor Operations Division has been given 2 days'
experience In health physics survey activities.



ACCELERATOR PROJECT

Cosmotron

The method of constructing the vacuum chamber has been decided upon;
thus, the lagt major decision with regard to. over-all design has been made.
Accordingly, the attention of the engineering staff is now concentrated
mainly on construction and details of design. In addition, considerable
testing of materials and prototypes is going on, since the complexity of
this instrument demands the simultaneous performence of a great many compo-
nents. The design of critical components is examined by constructing at
least one prototype which is then thoroughly tested; if any modifications
are indicated, they are incorporated into the final unit.

Examples of components for which prototypes were constructed and tested
are:

1. The 20" diffusion pump stations.

2. The vacuum chamber (e short section).

3. All important parts of the r.f. system, with the exception of
the last amplifier stage.

L. The magnet coll (a corner section).

The construction is progressing smoothly, and, although the project may
be a little behind previous estimates, no single component is lagging serious-
ly. It still appears that the major components will all exist physically
sometime this fall.

To facilitate the design and construction of the instrument, its various
components have been made the responsibility of various staff members in the
project, What follows is a progress report for most of these components sub-
mitted by the staff member in charge.

Power

The unit substation has been connected and energized. It is now feeding
the Cosmotron Group with power at 120/208, 440, 2400, and 13,800 volts. A
total of 6500 kva is available; this includes, conservatively, 1500 kva of
pover for experimental work in addition to power necessary to run the machine.

The Westinghouse power supply for the magnet has been received and in-
stalled. Almost all wiring is complete. Final leveling of the large motor-
generator set is proceeding. Because the foundation settled and worked
slightly, leveling was halted for a month to let the foundation stabilize.
The large ignitrons have been outgassed and tested at East Pittsburgh before
shipment. They appear to operate satisfactorily at their rated voltage, but
final performence on load must await the completion of the magnet coil.

(G.K. Green, A. Wise)

e2
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Controls

The general control scheme for the machine has been outlined. Most cir-
cuit schematics have been drawn tentatively. A steel multi-channel wireway
for carrying all the wiring has been designed and ordered, The first portion
has been received. The first extensive elsctrical wiring is now in progress
on the diffusion pump frames, where 15 electrical control units are under
fabrication in the test shack.

(G.K. Green, R.R. Kassner, F.J. Seufert, Jr.)

Magnet

The magnet steel has been fully installed. All blocks have been leveled
to an accuracy of the order of 0,010". The position of each block has also
been established in relation to bench marks, in order to determine changes in
position which might occur during operation.

Spreader bars have been installed in the gap between the quadrants to
improve the alignment of the upper and lower pole faces and to prevent bowing
of the end plates of the magnet under magnetic stress.

The steel parts of the magnet, as a result of careful fabrication and
installation, so far appear to have come up to expectations in every way.

(W.H. Moore, L.D. Stcughton)

Magnet Coil

Machining, brazing, testing, and insulation of the complete set of con-
ductors for the first magnet quadrant is complete; the conductors for the
second quadrant are nearly complete. Installation of the conductors in the
first quadrant has begun.

The work of installation was delayed until a full-scale end structure
of the coil was constructed in prototype and tested for voltage breakdown

to ground. The final design withstood test voltages up to 40 kv. This is
to be compared with the normal voltage to ground of 3 kv.

(J.A. Kosh)

Magnetic Field Tests

For making magnetic field measurements near injection time, a full-scale
model was constructed of 1l surplus magnet blocks. With this model, the
magnetic field index n was measured throughout the gap to show that the
eatire vertical aperture and about 23" of radial aperture are usable. The
position of vertical magnetic symmetry, "the median plane," was examined
and found to be constant within l/h" throughout the usable radial sperture.
Fowever, it was found that a tilt in the exciting coil can shift this posi-
tion radically, due to eddy currents induced in the copper. Measurements on
the magnet itself will determine whether sufficient tilt of the coill exists
to need correction.
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Sample sections of vacuum chamber components, inserted in this model,
were studied to determine their influence on the magnetic field. Satisfactory
values of the field index were obtsined for saw cuts in the top and bottom
sections with 3" azimuthal and 3/8" radial separations. The median plane
position is affected, however, by a tilt in the backwall as small as 0°10',
Agsin, final measurements will show whether such s tilt, consistent through-
out a whole quadrant, exists,

A series of measurements, elso for injection values, was made 1n this
model to determine the influence of pole-face windings for correction of the
field index and the position of the median plane, or for extension of the
radial aperture, should any of these seem desirable.

In the quarter-scale, 12-block magnet model, measurements of the mag-
netic effects of an all-metal vacuum chamber showed that a metallic skin of
only 0.008" Inconel still distorts the field enough that correction windings
will be necessary. To determine the effect of the spreader bars which have
been inserted in the straight sections of the magnet, a model of the spreader
bars, half-length in extent, was added to the end of the magnet model. The
effect at injection time is almost negligible. At higher fields, the spread-
er bars concentrated sufficient stray field to saturate the lefs of a model
of the ferrite core which had been placed between them. Further measurements.
are in progress with "de-gaussing" windings on the spreader bars.

(M.H. Blewett, J.M. Kelly, W.H. Moore, L.W. Smith)

Radio~Frequency Systém

During the past three months, the master oscillator has been constructed
in final form, together with its associated temperature controls and power
supplies. The final control system which makes the oscillator frequency
track the magnetic field, and which includes integrator, analog computer
(diocde network), control amplifier, and initial clamping circuits, is about
80% complete. Of the 4 stages of the high level power amplifier, two are
complete and tested; the third is almost ready for test, and the fourth is
under construction. Enough ferrite material for construction of the final
accelerator unit has been delivered and is in the process of assembly.

(J.P. Blewett, M. Plotkin, A. Pressmen, J.C. Logue, L.C.L. Yuan)

Vacuum Chamber

A vacuum chamber design for the proton synchrotron has been decided
upon, based on the following considerations: The maximum pressure in the
chamber should not be greater than 1072 mm Hg, with a desirable operating
pressure of 5 x 10°° mm Hg; the vertical aperture of available magnetic
field should be as large as possible, consistent with other design factors;
under no conditions should there be ferromagnetic material in the gap; thse
vacuum chamber materials should be so arranged that induced eddy current
effects will be minimized.

With the above factors in mind, a fabricated vacuum chamber of gasketed
and bolted design is being made. This will consist of four 90° curved sec-
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tions, Jjoined with four straight sections. The straight sections will eontain
injection, eJjection, r.f., and probe apparatus, and will be essentially of
welded stainless steel construction, since they are out of the main magnetic
field. The curved sections will be rectangular in cross section; each one
will be made up of vertical inner and outer continuous stainless steel walls
1" thick, bent to the proper arc. Three manifolds will be welded in the
outer wall to connect to the pumping apparatus. To the inner and outer walls
will be bolted ledges made of stainless steel strip, upon which will rest
insulated 3/8" thick horizontal stainless steel plates, slotted from either
side with saw cuts which do not quite meet at the vertical centerline of the
chamber. This leaves a continuous backbone running the full length of the
quadrant. Vertical rods placed in the gaps between magnet blocks will have
one of their ends fastened into this continuous strip, the other ends fas-
tened to the outer upper and lower surfaces of the magnet blocks, and will
serve to prevent the grids from having large deflections under conditions

of evacuation. Over the grid plates will be placed & skin, preferably made
of & nonconducting material. This skin will be bolted and gasketed at its
periphery to form a vacuum-tight structure. Tests have been performed on
verious plastic materials with the result that a polymer of trifluorochloro-
ethylene appears to have practically all the qualities desired. The ends

of the chambers will be flanged stainless steel boxes bolted to the inner
and outer steel walls and insulated from them.

Steel and most of the other material is on order for the curved sections
of the chamber, which should be under intensive fabrication by August 1 of
this year.

(I. Polk)

Vacuum System

Assembly of the fifteen 20" diffusion pump stations has been started.
The basic mechanical assembly is complete. Eleven refrigeration units for
the baffles are installed and ready to be comnected to the baffles. One
prototype and one production wiring assembly have been completed and checked
out. One of the 300-cfm Kinney forepumps has been uncrated. A prototype
power and control circuit has been made and checked out on that pump.

In running a prototype 20" diffusion pump, it was observed that the
original baffles supplied with these pumps were rather ineffective in pre-
venting backstreaming of oil from the Jets. A new baffle was designed and
built which is far more dense optically than the original baffle. Speed
tests are now in progress to determine the comparative effect of the new
deslgn on the pump speed. Final connection of the refrigeration units in
the pumping stations has been held up for this reason.

Apart from actual assembly of the pumping components described above,
some progress has been made in the design of the structural components which
go to make up the complete vacuum system. The basic vacuum chamber is dis-
cussed elsewhere. Aside from the basic chamber itself, there is the problem
of the valving system and the transition, or plenum, sections which join the
chamber proper to the large valves and pumping stations. The design of the
large 16" valve was completed; the drawing was released to the shops for the
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construction of one prototype. Construction of this prototype is about T5%
complete. Sufficient experience has been gained to Justify the placing of
orders for major components for the balance of the wvelves.

The design of the transition sections or plenum chambers is complete.
Steel has been ordered for construction of a prototype.

(¢. Lasky)

Cosmotron Injector

The Van de Graaff injector for the Cosmotron, which is being built by
High Voltage Engineering Corp., Cambridge, Mass., is nearing completion.
Final testing is under way. Delivery and installation are expected to
start in about one month,

The machine has been operated with g pulsed ion beam of about 200 pamp
at voltages up to 3.8 Mev. The principal remaining jobs are:

1. Getting the source output up to the desired value of about
1 milliampere.

2. Checking out the corona feedback energy control system.

3. Looking at the beam focus and position stability at a distance
of 50' from the machine.

(C.M. Turner, G.J. Hoey)

60" Cyclotron

During the past quarter, the 60" cyclotron installation and assembly
were coumpleted, The vacuum system has been apsrt and together numerous
times to repair internal and external vacuum and water vapor leakg; the
system is now reasonably tight, with a base pressure of 0.8 x 107° mm of Hg.

The radio-frequency oscillator has been up to the 60-kw level; some 110
hours of oscillator running for chamber outgassing has taken place.

Numerous insulator breakdowns due to cathode concentrations and plate
output arcing have been, to some extent, brought under control by redesign
of the cathode feedback and plate output feedthrough systems. The initial
probe target and controls have been completed and tested. The hunt for in-
side beam is in prospect as soon as a value somewhat higher than the present
12-kv dee voltage 1s reached,

(c.pP. Baker, W.W. Merkle)

Genersl Electric Electrostatic Accelerator

The G.E. electrostaetic accelerator has not yet reached its design rating
of 3.5 Mev. The voltage limitation is set principally by the accelerating
and differential pumping tubes. The use of large (6" ID) vacuum tubes to
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attain high pumping speed has led to a difficulty in which spontaneous elec-
tron loading appears at a voltage threshold which rises with increasing tube
Pressure. Studies are under way which show promise of en early solution to
this problem. A large number of mechanical and engineering defects in the
machine have come to light during the course of testing.

Physics experiments have been started in a very preliminary way in the
voltage range available with the machine. The experiments planned for the
machine remain essentially the same as reported previously.

A designer and machinist have been assigned to the group recently to
speed up work.

(C.M. Turner, J.G. Cottingham)



CHEMISTRY DEPARTMENT

The following collection of research reports describes investlgations
carried out in the Chemistry Department which have reached such a stage in
the past quarter that it is felt worthwhile to present the results obtained.
The individual investigations discussed, sixteen in number, fall under the
general categories of a) general chemistry of various substances, b) chemi-
cal studies with isotopes, c¢) nuclear problems. Certain portions of the work
have been carried out in collaboration with members of other Departments of
the Laboratory, other portions with persons not members of the Laboratory
staff; such collaboration is indicated.

One phase of the study of the chemistry of the heavy elements is the in-
vestigation of the absorption spectra of their salts in solutions fluid at
low temperatures. Preliminary observations on the spectrum of UCly solutions
are reported. The general character of reactions in such systems is also
being surveyed; new observations on reactions of propene with iodine at liquid
air temperature are described.

Tracer investigations on reaction kinetics snd mechanisms which are re-
ported include: new data for the ferrous-ferric electron transfer exchange
reaction, a radiochemical determination of the dissociation constant of
ferroin, observations on the exchange of hydrocarbons with deuterium under
Fischer-Tropsch synthesis conditions, a check of a proposed mechanism for
the change in configuration about carbon atom C-2 in glucose (epimerization),
a study of some features of the mechanism of the Willgerodt reaction, the
thermal decomposition of NoO. The infrared spectra of isotopically substi-
tuted NoO have been measured; force constants of the molecule have been cal-
culated; and partition function ratios for isotopic exchange reactions have
been calculsted.

In connection with the mass-spectrometric investigation of isotopic
molecules, a knowledge of the effect of isotopic substitution on mass-spectral
patterns is important; an approximate method for calculating this effect and
some experimental tests of it are reported. The relative efficiencies for
the collection of positive ions of different e/m in a Nier-type mass spec-
trometer have also been studied.

Two studies of an analytical nature are included, one on a spectrophoto-
metric method for the determination of CelV, and one on a new test for traces
of organic matter in water.

The nuclear problems reported on include the recoil following neutrino
emission in Be7o the half life of I129, and the genetic relationship of the

isomers of Agl .
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ABSORPTION SPECTRUM OF URANIUM TETRACHLORIDE IN FLUID SOLUTION AT 779K

S. Freed and K.M. Sancier

Anhydrous uranium tetrachloride purified by repeated sublimation in a
vacuun was dissolved in a solvent consisting of 10% n-propyl alcohol, about
L5% propane, and 45% propene.

The spectrum of the solution at T7°K consisted of groups of lines sug-
gesting the characteristic spectra of rare earths., There were some bands
present which were not resolved into discrete structure. However, it was
observed that the spectrum of the anhydrous crystals at T7°K also contained
diffuse bands, which may perhaps be resolved at still lower temperatures.

The lines in the spectrum of the solution were broader than those from the
crystals at T7°, but sharper than the crystals exhibited at room temperature.

A continuum begen rather abruptly at about 3000 % and extended to the
optical limit of the equipment, about 2100 R. When radiation in this spec-
tral region was absorbed, a photochemical transformation took place. The
solution, originally pale green, became intensely red. When the solution was
warmed to about 220°K, the red color disappeared and a pale green color re-
turned which, however, had characteristics in its spectrum not present in that
of the original green solution. Another sign of irreversibility was furnished
by the attempt to regain the red solution by irradiating again with ultraviolet
light. The photochemical yield was much less than before; only a pale red
solution was obtained after long irradiation.

It is supposed at present that the red color originates in a reduction
of the tetrachloride to the trichloride, which is known to be red. However,
there are features in the spectra which are not accounted for by so simple
an interpretation. Further work is needed for definitive identification of
the photochemical products.

EXPERIMENTS ON COMPOUND FORMATICN
IN SOLUTIONS AT LOW TEMPERATURES. PROPENE AND IODINE

S. Freed and K.M. Sancier

It is to be expected that compounds may form and persist at low tempera-
tures which would not be formed in detectable amounts in a mixture of the
reactants at higher temperatures. Thus, the lower temperatures msy make poOs-
sible the observation of weakly bonded substances, and may also permit inter-
ruption at an intermediate stage of reactions requiring activation energy.
Phenomena of this character have been observed in a preliminary study of the
reactions between propene and iodine at low temperatures.

The color of solutions of iodine in organic solvents ranges from violet
to brown, the latter color being especially characteristic of aromatic hydro-
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carbon solvents. Benesi and Hildebrandl have shown that the brown solutions
exhibit an intense absorption peak in the ultraviolet and that this peak can
be ascribed to a 1:1 complex between iodine and the aromatic compound. They
regarded such e complex as a salt composed of the acid, iodine, and base,
e.2., benzene, according to the general classification of G.N. Lewis. Mulli-
ken? viewed the intense absorption pesk in the ultraviolet as a forbidden
transition between energy levels in the conjugated double bond system made
"allowed" by the presence of iodine; he concluded that iodine probably lay
in & plane parallel to that of the aromatic structure.

Our experiments were undertaken to see whether propene formed an addi-
tion compound with iodine at low temperatures. The absorption spectra of
solutions of iodine in propane, in propene, and in propane-propene mixtures
were observed and furnish definite evidence for a propene-iodine compound.

The color of iodine in propane is violet with an absorption peak at
5200 R at 230°K, while its solution in propene is amber with a peak of 4800 8.
At 779K, the colors of both solutions are about the same with peasks at 4400 .
The area under the absorption band of iodine-propane remained approximately
unchanged with variation in temperature, but that of iodine-propene increased
about threefold on changing the temperature from 230°K to T7°K. In the ultra-
violet region, the propane solution exhibited virtually no structure save for
two weak peaks at 2500 % ana 2550 %, but the propene solution showed an ex-
tremely intense band at about 2750 A. The intensity of this psak was about
ten times as great as the peak in the visible. Both the intensity and wave-
length of this ultraviolet absorption match those of the aromatic compounds
with iodine; and there seems no doubt that it arises from a corresponding
propene-iodine compound.

However the bond between the propene and iodine is very weak as is wit-
nessed by the fact that when propene was added to a solution of iodine in
propane, the amount of propene required for the appearance of the character-
istic absorption was thirty times the molar amount of iodine present.

It was found that the reaction required activation energy. Little if
any reaction occurred at T7°K. Above the temperature of dry ice, it seemed
rapid. At 230K, our highest temperature, a chemical reaction occurred,
after a time, which consumed iodine, that is, it removed the characteristic
absorption peak. It is possible that di-iodo propane is formed.

It seems best to postpone interpretation of the character of the "inter-
mediate" propene-iodine compound and of the origin of the color until more
date are obtained. However, it seems clear at this point that no conjugated
double bond system is necessary for the formation of the substances exhibiting
the ultraviolet pesk; and it does not seem likely to us that a proper descrip-
tion of this absorption is that of a forced transition between energy levels
of the hydrocarbon component. The great intensity of the absorptioni which
in both the present system and in the case of aromatic hydrocerbons,+ has an
extinction coefficient of about 10,000 moles-1 cm?, speaks rather strongly

lg.A. Benesi and J.H. Hildebrand, J. Am. Chem. Soc. 71, 2703 (1949)
2R.S. Mulliken, J. Am. Chem. Soc. 72, 600 (1950)
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against this. Furthermore, a match in energy levels between substances such
as benzene and propene seems unlikely..

It is to be expected that activation energy is required for a reaction
in which a double bond acts as a base, according to Lewis's classification,
so that, at present, we do not see any inconsistency with this description of
the formation of the addition compound.

THE FERROUS-FERRIC EXCHANGE REACTION

J. Silverman and R.W. Dodson

The study of the ferrous-ferric exchange reaction described in the pre-
vious progress report has been continued, with improvements in the experi-
mental technique, measurements at 0°C, and determination of the reaction
order. Experiments thus far indicate that the reaction is first order with
respect to both the ferrous and the ferric species. The rate constant at
0.00£0,05°C, u = 0,540, (HC10),) = 0.540 £, has been found to be 1.340.05

moles-l-1iter-sec-1.

The ferrous perchlorate used in these experiments was obtained by re-
crystallizing Fe(C10)),*6H;0 from 8-f HC10),. The product gave negative tests
for chloride and sulfate.

The ferric perchlorate stock solution was prepared from an HCl solution
of high specific activity Fed2. This was subjected to successive precipita-
tions with NH)OH and resolution in HC10y, until the washings of the ferric-
hydroxide precipitate gave negative tests for chloride, sulfate, and ammonium
ions. The purified Fe(OH)3 precipitate was dissolved in HC1lOy. The result-
ing solution also gave negative tests for chloride and sulfate.

The procedurs employed is basically the one described previously. The
reactants are brought to the desired temperature and mixed. Aliquots of the
reaction mixture are removed at selected time intervals. Immediately upon
withdrawal of an aliquot, the reaction is quenched by the rapid successive
addition of aa' dipyridyl and sodium acetate solutions. The ferric species
is then precipitated with NHjOH. Because of the low concentration of the
reactants, ferric carrier is added to increase the mass of the precipitate.
Also, an aliquot of a fine suspension of diatomaceous earth is added to aid
the filtration of the Fe(OH)3. This precipitate is filtered, washed, dried,

end counted.
The data obtained thus far are summarized in the accompanying table.
A1l the runs were done at 0.00+0.05°C, u = 0,540, (HC10y) = 0.540.

These results are in disagreement with the data for essentially similar
systems obtained by Van Alten and Ricel and by Kierstead,2 who employed a

11,. Ven Alten and C.N. Rice, J. Am. Chem. Soc. 70, 883 (1948)
°H.A. Kierstead, J. Chem. Phys. 18, 7.6 (1950)



Ferrous-Ferric Exchange
‘ ' ko
(Fe++)xloh ' (Fe+++)x10“ T%(sec) - (mole~t-liter-sec~1)
1,98 1.05 1670 1,37
2.96 1.06 1315 1.31
3.93 1.08 1045 1.32
3.95 2.10 850 1.35
3.97 3.11 730 1.34
3.88 4.25 647 1.32

diffusion method to separate the exchanging species and reported long half-
lives for the reaction., The discrepancy between their results and those
herein reported has not been resolved. The present _results are, however,
consistent with the findings of Linnenbom and Wahl,3 who, also using a dif-
fusion separation, observed complete exchange in 1 to 2 hr,

3v.J. Linnenbom and A.C. Wahl, J. Am. Chem. Soc. 71, 2589 (1949)

DETERMINATION OF THE DISSOCIATION CONSTANT OF FERROIN

C.M. Cook, Jr., and F.A. Long¥

Abstract

A radiochemical method for determining the dissociation
constant of complex ions 1s described, It is based on measur-
ing the concentration of the uncomplexed metal ion in solution
with the aid of a radioactive tracer, and requires that shifts
in the complex equilibrium be slow compared with the time re-
quired to separate the free ion from the complex species. The
method has been successfully applied to a determination of the
dissociation constant of ferroin, the tri-orthophenanthroline
complex of ferrous ion, Results in good agreement with a lit-
erature value determined by other methods, were obtained.

A coordination complex, MeAy N-XM_ of a metal ion, Me*™™, with the anion,
A™, of a weak acid should be expected to undergo a partiasl dissociation in
acid solutions, due to the removal from solution of the ion, A™D, g5 the un-
dissociated acid, and the resultant shifting of the equilibrium MeA, D ~¥0 ——
Met+h + xA™™ to the right. If a solution of MeAxm'xm of known acidity is
allowed to equilibrate and the concentration of Me™@ ion is then determined,
the dissociation constant, [Me*8][A-B]X/[MeA, B0} , of the complex can be

*Cornell University, Ithaca, New York.
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computed from these data and knowledge of the ionization constant of the weak
acid. The concentration of the Me'™ ion can be determined by isotopically
labeling the Me in the complex, and then, after the solution of complex has
equilibrated in acid solution, adding a known portion of inactive Met® ion to
the solution and separating the excess Me*® from the MeA, " *T complex. The
concentration of the Me**D ion opiginally in the solution due to dissociation
of the complex will be proportional to the radioactivity of the final Met®
lon solution. This method of determining the equilibrium Me+® concentration
will be in error unless the Me*™D and Me™ ions undergo complete mixing before
any recomplexing with A~ occurs, and unless the exchange between excess Mg+l
ion in solution and complexed Me* is negligible, or at least measurably slow.

This report deals with the application of this radiochemical method to
the determination of the known dissociation constant of the coordination com-
Plex ferroin. This work was undertaken to provide a check upon the accuracy
of the radiochemical method, which appears to be applicable to a wide variety
of coordination complexes., It has been used previously by the authors for the
determination of the dissociation constant of the nickel-ethylenediaminetetra-
cetic acid complex, whose exchange kinetics are being investigated.

Orthophenanthroline, which we will represent as Ph, reacts with ferrous
iron to form an intensely red colored complex, ferroin, FePhq*+, which is
widely used as an oxidation-reduction indicator and in the colorimetric deter-
mination of iron. Phenanthroline,

Y
N N

is an organic base which, presumably because of steric effects, combines with
only one hydrogen ion in acid solution, Lee, Kolthoff, and Leussingl deter-
mined the acid dissociation constant of the resulting phenanthrolium ion,
HPH", to be 1,1 x 1072,

These authors have studied the stabiljty of the complexes FePht+, FePh,++,
as well as ferroin, FePhstt+, and havefound® that the latter is sufficiently
more stable than the first two so that the complexes FePh'* and FePh,**, which
would complicate study of the FePhyt* if they were present in any amount, will
exist in appreciable quantities oniy in the presence of excess Fe*tt, Using
a colorimetric method, these authorsl found the dissociation constant of
FePhgtt to be 5 x 10-22,

Procedure

A stock solution of active ferroin was prepared by mixing a Fe)D-labeled
ferric sulfate solution of known strength with a slight excess over the
stoichiometrical quantity of orthophenanthroline monohydrate. The solution
was then treated with hydroxylamine sulfate and with sulfur dioxide to effect
reduction to ferroin. The ferrous phenanthroline complex is stable to the

11,5, Lee, I.M. Kolthoff, and D.L. Leussing, J. Am. Chem. Soc. 70, 2348 (1948)
21.M. Kolthoff, D.L. Leussing, and T.S. Lee, J. Am, Chem Soc. T2, 2173 (1950)
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atmosphere. Samples of the stock solution were mixed with known quantities
of sulfuric acid in volumetric flasks and diluted to the mark; the air above
the solution was flushed out with nitrogen; and the solution was allowed to
stand at 25° for two or more days. It was then mixed with a large excess of
inactive Fe*t, and the FePhy*t was removed by precipitation with excess CAI)~
and the filtration. The fi%trate containing ferrous ion was acidified; its
radioactivity was determined in a solution counter of fixed geometry.

Computations

Let C Dbe the total concentration of Fe* as Fe*t* and FéPh§++ in the
solution before the addition of the large excess of inactive Fet¥, i.e.,
would be the concentration of F&Ph,*++ that would exist in solution if no
dissociation took place. lLet a ée the fractional dissociation of the origi-

nal FePh3++ complex.

5 The dissociation constant of HPh* is taken as [HY|[Ph]/[EPht] = 1.1 x
1077, .

Define the dissociation constant of FePhzt+ as Kg = [Fe*f][Phg3/EFePh3+f]

The following relations hold in the equilibrium solution (concentrations
being denoted by parentheses and activities by brackets):

(Fett) = aC
(FePh3++) = (1l-a)C

(B*) Yo/ Ygpyt
1.1 x 10-2 ’

(Ph) = 3% where F(H) =

F(E)

since 3(Fe™t) = (Ph) + (BHPh*) = (Ph) + [H+]EPh]/7HPh+
1.1 x 10°5
¥ (Ph) {1 ) - )
(Ph) {1+ 112105 assuming (Ph) = [Ph]
27 C3 ah

Thus, K= ;ZE;g I:; ? assuming Ypett = 7FePh3++'

In this expression the quantities C and F(H) are determined by the con-

; _ counts/sec of Fe*t* separated from solution
ditions of the experiment, while a = counts/sec of original Fe*Ph3++

corrected for such effects as the difference in density of the two solutions.

In computing F(H), the assumed values of the ratio of the activity co-
efficients 7H+/7 pt Wwere interpolated from data given in the work of Lee
et al.l The hydrogen ion concentrations in the solutions were computed using
values of the apparent second dissociation constant of HpSO) as a function
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of ionic strength taken from the work of Klotz and Eckert.3
Results

The accompanying table summarizes the results of eight rumns carried out
at various HSOy and FePh3++ concentrations:

Summary of Results
Run Initial Conc. Initial Conc. Observed | Conc. of 'YH+
No. | of HyS0) (M) | of FePhg™ (1) a BY (M) |Vgppt | Kaxl0®®
1 0.400 0.50x10~2 0.439 0.427 | 1.5 11.3
2 0.300 1,00 " 0.178 0.325 1.35 5.2
3 0.250 0.50 " 0.271 0.275 1.3 7.4
I 0.250 0.25 " 0.410 0.275 1.3 5.9
5 0.100 1.00 * 0.09k 0.,117h | 1,15 12.5
6 0.050 0.50 " 0.094 0.0623 | 1.1 12.0
7 0.050 0.25 " 0.1h4 0,0626 | 1.1 8.7
8 ~0,001 0.50 " ~ 0,007 ~0.001 1 ~110

Not counting Run No. 8, which was run at a low acid concentration for the
purpose of checking on the magnitude of such effects as exchange or incomplete
separation of FePh3++, these data show an average value of Kz = 9.0 x 10722,

In their determination of Kg, Lee et al.l used a means of calculating
H* ion concentration based upon individual ion activity coefficients. If
values of H* concentration derived from their data are substituted in the
table, the average value of Kz determined therefrom is lowered to 7.8 x 10722,
This appears to be a satisfactory check with the 5 x 10722 value found previous-
ly by Lee et al.

31.M. Klotz and C.F. Eckert, J. Am. Chem., Soc. 6k, 1878 (19k2)

REACTION OF DEUTERIUM WITH HYDROCARBONS OVER A COBALT-THORIA
FISCHER-TROPSCH CATALYST

S.0. Thompson, J. Turkevich,¥* and A.P. Irsa
Abstract
The isotopic nature of the products of exchange reactions be-

tween deuterium end protium methane, ethane, propane, n-butane,

*Princeton University, Princeton, New Jersey.
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and isobutane on a cobalt-thoria-magnesia-kieselguhr Fischer-
Tropsch catalyst has been determined under conditions used for
the synthesis of bydrocarbons from carbon monoxide and hydrogen.
In all cases except that of isobutane, the exchanged hydrocar-
bons showed a nonstatistical distribution of deuterium, in the
sense that a high degree of deuterization is favored. The iso-
topic nature of the deuteromethanes formed by cracking deuteri-
zation was also determined. The results are interpreted in terms
of radical fragments on the catalyst surface. It is suggested
that in some cases the results may be accounted for in terms of
reactions of the completely dehydrogenated carbon skeleton with
a limited local pool of adsorbed protium and deuterium atoms,

Introduction

Taylorl:2 and coworkers established that paraffin hydrocarbons, methane
to propane, undergo exchange with deuterium on nickel at 65 to 180°C, with the
production of not only deuterated hydrocarbons but also of methane. A. and L.
Farkas3 demonstrated that propane, butane, n-hexane, and cyclohexane also ex-
change on platinized platinum, The isotopic nature of the deuterocompounds
was not esteblished. These findings were interpreted to indicate that the
chemisorption of the hydrocarbon molecule on the surface was of the dissocia-
tive type, leading to thﬁ groduction of hydrocarbon radicals and hydrogen atoms

)

on the catalyst surfacs.

As a part of the mechanism studies of the Fischer-Tropsch synthesis being
carried out in this Laboratory, an investigation was made of the interaetion
of deuterium with hydrocarbon gases over a cobalt-thoria-magnesia-kisselguhr
catalyst under synthesis conditions. Two objectives were sought: to deter-
mine the stabllity of the hydrogarbon gases toward exchange, and to gain some
insight as to the types of radicals present on the catalytic surface from the
isotopic character of the exchanged products.

Procedure

The catalyst was a cobalt-thoria-magnesia-kieselguhr preparation.6

The hydrocarbon gases were C.P. grade Matheson Company products. The
propane, however, was Phillips Company research grade gas. The deuterium was
99% isotopically pure; it was obtained from the U.S. Atomic Energy Commission.

1x. Morikawa, W.S. Benedict, and H.S. Taylor, J. Am. Chem. Soc. 58, 15,
1795 (1936)
%, Morikawa, N.R. Tremner, and H.S. Taylor, J. Am. Chem. Soc. 59, 1103 (1937)
35, and L. Ferkas, Trans., Faraday Soc. 35, 917 (1939); 36, 522 (19%0)
b s, Taylor and J. Turkevich, J. Am. Chem., Soc. 56, 225k (1934)
2M,M, Wright and H.S, Taylor, Can. J, Research B27, 302 (1949)
6B.R. Anderson, A, Krieg, B, Seligman, W.E, O'Neill, Ind, Engr. Chem, 39,

1548 (1947)
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The catalyst (4,6 g) was reduced by recycling the deuterium gas (1 liter)
over the catalyst at 400°C at a space velocity 2000 per hour. The gas was
changed every half hour by partial evacuation of the reactor and recycle pump
and recharging them to atmospheric pressure with pure deuterium gas. After a
reduction schedule of 3 hours, the temperature was lowered to 183°C and the
system was kept at this temperature in an atmosphere of deuterium. The deu-
terium-hydrocarbon mixture was prepared in a 3-liter flask at 2 atmospheres
pressure and in a mole ratio of 6 to 1, as determined by manometric measure-
ments, Immediately before each run, the catalytic chamber was evacuated and
the gas allowed to flow at a space velocity of 140-150/hr at 183°C and 1 at-
mosphere pressure, The products were collected in bulbs placed in the line
of flow, and were analyzed in a General Electric Company mass spectrometer.

Experimental Results

A quantitative evaluation of the nature and extent of the exchange re-
actions involves the conversion of the positive ion currents of the mass
spectra into numbers representing the abundances of the various isotopic
molecular species in the sample, This has been carried out by assuming that
the mass spectra of the various deuterated hydrocarbons can be calculated
from the corresponding protium hydrocarbons on a purely statistical basis,
i.e., assuming the equality of the ease of removal of hydrogen or deuterium
from a hydrocarbon molecule. This approach has been taken before for lack
of a better, unified treatment of the mass spectra of deuterocarbons,’ In
the following, the results obtained with the individual hydrocarbons are dis-

cussed from this point of view,

Methane

Under Fischer-Tropsch synthesis conditions, there was no exchange be-
tween methane and deuterium as revealed by infrared analysis. A Baird double-
beam infrared spectrometer was used to examine the 4,6 p C-D band; this method
is capable of detecting about 2% exchanged methanes. When a gas mixture of
6 parts deuterium and 1 part methane was allowed to stand for 17 hr in contact
with the catalyst at 183°C, about 11% of the total sample underwent exchange
to form deuteromethanes: 1,7% CDy, 0.1% CD3H, 9% CH3D, and 89% CH). Morikawa,
Benedict, and Ta.ylorl found, on a nickel ca%alyst, l%o of the molecules ex-
changed in 25 hr with a one-to-one hydrocarbon-deuterium mixture.

Ethane

Under synthesis conditions, 5.8% of the ethane molecules underwent ex-
change revealed by the following analysis of a typical run: 2.4% CoDg, 0.4%
CoDsH, 0.3% CoDyHp, 2.7% CpDpHy, and 94.2% CoHg. The original ethane con-
taified less than 1% CoHy as revealed by infrared analysis, and was subjected
to bromine treatment before use. Mass spectrometric analysis revealed also
the presence of 1% of deuteromethanes, with the following isotopic composition:
k1% cDy, 10% CD3H, and Lo% CH3D. These results may be interpreted in the fol-

7J. Turkevich, L, Friedman, E. Solomon, and F.M, Wrightson, J. Am. Chem. Soc.
70, 2638 (19u8)
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lowing way: At least 5,8% of the ethane in the reaction zone dissociated,
when adsorbed on the surface, into radicals and hydrogen atoms,® Since there
was a large excess of deuterium present on the surface, the hydrogen atoms
were replaced by deuteriums, The hydrocarbons that desorb from the surface
thus have become deuterated to the extent that they previously lost hydrogens,
Analysis of the deuterocarbons should, therefore, give insight into the type
of radicals present on the surface. Simple calculations indicate that 100
moles of ethane, dissociated on the surface, produced the following amounts
of free radicals: klC,, 6.8CoH, 5. .1CpH3, 46.1CoH),, and small emounts of Cj,
CH, and CH3.

Propane

Of the propane, 6% exchanged with deuterium to form deuteropropenes:
b, 7% C3Dg and l.4% C3D7H. The deuterium also reacted to form 1-2% methanes:
64% CDj, 12,4% CD.H, 1% CDoHy; 2.5% CDH3, and 14% CH). The general picture
of the associatioh of the propane with %he surface appears to be similar to
that prevailing with ethane., A large part of the propane on the surface was
in the form of C, aggregates and C;H complexes., About 5-10% underwent carbon
scission to form methane. The formation of CHy may have resulted from a
CaHg— C+2CH), reaction proposed by Morikawa, Trenner, and Taylor.l,z Other-
wlse, the methane was highly deuterated, indicating a marked tendency of the
isolated methyl radicals also to lose their hydrogens,

n-Butane

n-Butane underwent extensive exchange with deuterium, forming 7.9% C Dy
11.8% CyDgH, 10.6% CyDgHs, 8.9% C)D Hy, 2.T% C)DgH, O. 6% CyDsHs, and 58. 2?
CyHyo- ge amount of methane forme varled with the space velocity from 6.9%,
for a space velocity of 7)/hr to 2%, for one of l50/hr. The isotopic composi-
tion of the methene was the same for both space velocities: Uu8% CDy, 38%
CD3H, and 1% CDoH,. Again, the association of the butane with the surface
resulted in a predominant rupture of carbon hydrogen bonds and the preserva-
tion of the carbon-carbon bonds,

In contrast to the deuteropropsnes, the deuterobutanes showed a wider
distribution of number of deuteriums, from C)Dj, to CyDsH This might be
interpreted to mean the existence of radicals from C to guH on the surface.
It should be realized, however, that this distribution may be due also to the
fact that the active catalytic area on the surface may not have obtained suf-
ficient deuterium atoms from the gas phase to avoid back hydrogenation of the

Ch radical by protium atoms,

Thus, in the above case, one can account qualitatively for the distribu-
tion of the deutercbutanes by assuming that a molecule of butane loses all its
protium atoms in the adsorbed phase of a pool of deuterium atoms, that com-
plete mixing takes place, and that the desorbed deuterobutanes are in the ratio

of probabilities of removing the appropriate amounts of H and D from the com-
bined pool.

8 . Kemball and H.S. Taylor, J. Am. Chem. Soc. 70, 345 (1948)
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Isobutane

About 50% of the isobutane molecules undsrwent exchange, as revealed by
the following analysis:* 0.4-0% CyD1g, 0.6-1.5% C)DoH, 6.1-3.5% ChD8H2
4.7-6.0% Cy DI 5.5-8.6% C),DgH), 11,0-11,1% CyDsHs, ?o 2-10.0% CyDyHg, 6.0-5.0%
CyD3Hy, 3.0 ;% CyDpHg, 2.0-1.5% CyDHg, and h8 12hs. 9% CpHyge

The percentage of methane formed was low, about 0,2%, and was analyzed
as 6% CDy, 18% CD3H, 35% CoDpHp, 33% CDH3, and 8% CH.

It is clear from the above results that the associlation of isobutane
with the cobalt thoria catalyst is different from that of the straight chain
hydrocarbons, This difference expresses itself in the statistical distribu-
tion of the deuterium not only in the isobutanes, but also in the methanes
formed and in the small amount of cracking that takes place. The behavior
of isobutene is in many ways similar to that observed by Beeck? and coworkers?
on the exchange of this compound with water on aluminum chloride,

*The first figures in the analysis were obtained on the assumption that in the
exchange the hydrogen always prefers the tertiary carbon atom; the second
figures are based on the assumption that the deuterium atom prefers that

position,
9¢.D. Wagner, O, Beeck, J.W. Otvos, D.P, Stevenson, J. Chem. Phys. 17, 419-20

(1949)

THE BEPIMERIZATION OF GLUCOSE-l-Clh

A.A, Bothner-By and M, Gibbs*

The mechanism (or mechanisms) by which the epimerization of glucose
proceeds in alkaline solution is not clearly established, the commonly ac-
cepted intermediate formation of an enediol being inconsistent with the re-
sults of the investigations of Fredenhagen and Bonhoeffer+ concerning the
conversion of glucose to fructose in heavy water. A rearrangement of the
carbon chain of glucose during the course of the reaction has not been ex-
cluded by any earlier work and could conceivably occur. Such a rearrangement
would be detectable using glucose-1- c14 which has recently become available,
We have performed this experiment, and our results indicate that no rearrange-

ment takes place,

Experimental

1.3 mg of glucose-l-cl” having a specific activity of 120 muc/mg** was

*Biology Department,
lpredenhagen and Bonhoeffer, Z. physik. Chem. A181, 392 (1938)

230wden, Science 109, 229 (19L49)
**The glucose- -1-¢1¥ was most generously furnished us by Prof. J.C. Sowden.
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diluted with 30 mg of inactive glucose and dissolved in 0,2 ml of saturated
calclum hydroxide solution. The solution was kept at T70° for 2 hours,3 then
chilled and passed over 1 g each of Amberlite IR-100-H and IRA-400 ion ex-
changé resins, The volume with washings was 6 ml, The mixed sugars were )
diluted with 25 mg &nactive glucose, and were degraded by the method of Wood,
Lifson, and Lorber. The specific activities obtained were: for the glucose
carbon atoms 1 and 6, 4.4 muc/mg of carbon; carbon atoms 2 and 5, 0.1 mpc/mg;
carbon atoms 3 and h 0.09 mpc/mg. A similar distribution of label in the
lactic acid was obtained by degrading glucose-1-Cl% which had not been epi-
merized,

DeBruyn and Ven Ekenstein, Rec. trav. chim. 14, 203 (1895)
Hood, Lifson, and Lorber, J., Blol. Chem. 159, W75 (1945)
5Gibbs, Dumrose, Bennett, and Bubeck, J. Biol. Chem. (in press)

THE MECHANISM OF THE WILLGERODT REACTION

E. Cerwonka, R.C. Anderson, in collaboration with
E. Brown of Fordham University

Carbon isotopes have been employed by two groupsl:2 in the investigation
of the Willgerodt reaction mechanism, With acetophenone as the starting
material, the Willgerodt reaction yields two products, phenylascetamide and
phenylacetic acid. Both groups agree that the phenylacetamide retains the
carbon skeleton of the original acstophenone. However, Dauben announced the
untoward result that the phenylaceiic acid had e rearranged skeleton. The
evidence was not conclusive, and a subsequent publication- has not settled
the issue decisively,

The present work was undertaken to resolve this problem. To this end,
acetophenone-( carbonyl) -C% ang acetophenone-(methyl)-Ct* have been prepared
via the following sequence(s) of reactions,

CHE,T b 4 NaCN——>C*EJON + NaI O 70%
CHECN  + C6H5MgBr-—H:——>C6H5CO C¥E; T

and

(CH3)pS0, + NaC¥N ——> CHsCXN + Na(CH3)S0, & 90%

lshantz end Rittenberg, J. Am, Chem. Soc. 68, 2109 (1946)
2Dauben, Reid, Yankwich, Celvin, J. Am. Chem, Soc. &8, 2117 (1946)
3pauben, Reid, Yankwich, Calvin, J. Am. Chem. Soc, 72, 121 (1950)
l+Prepared by H.C. Prosser of the Brookhaven staff according to Melville
et al., J. Biol. Chem. 169, 419 (1947)

ilmer and du Vigneaud, J. Biol. Chem, 154, 247 (194k)

The best ylelds of the acetonitrile are " obtained by this method. Walden,

Berichte 40, 321k (1907)
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CH3C*¥N + CgHsMgBr . N CAHsC*O CHy 0%

In both syntheses, the Grighard addition to the nitrile was accomplished
by using a 4:1 ratio of starting materials.,! The Willgerodt reections were
run according to the procedure of Carmark and Spielman,® in which the ketone
was treated with sulfur, ammonium hydroxide, and pyridine in a sealed tube at
170°C for 12 hours, The products, phenylacetemide and phenylacetic acid, were
recovered according to Dauben's procedures.z’

For the determination of the isotopic carbon positions, the compounds
were combusted by a modified Van Slyke-Folch reagent, and the evolved COp
trapped in NaOH solution, The NaOH'NasCO; solution was then acidified and
the CO, finally trapped in Ba(OH)Q'BaClE solution. All the counts reported
are on BaCO3 precipitates at infinite thickness for 1 cml,

The carbonyl carbon in the phenylacetamide was obtained by a Hoffman
degradation, The BaCO, was reprecipitated in this case. The carboxyl carbon
in phenylacetic acid was obtained by decarboxylation using copper chromate
catalyst in quinoline at reflux temperature., The COp evolved was trapped in
NaOH solution and handled as ebove. Yields of COy were 65-75%

Results of the Assays on 06H5COC*H3
Compound cpn/cn® as BaCOg

1, Total CgHsCOC*H 5

2, Total CgHsCH,C*DNHp [P

3. Total C6H5CH2C02H T4

4. CO, from Hoffman 600

5. CO, from decarboxylation 487:500

6. Theory of ratio of 4/2 8:1

7. Theory of ratio 5/3 8:1

The phenylacetamide and phenylacetic acid from.C6H5C*O CH3 have been
obtained but not assayed.

The results thus far do not significantly differ from those of Dauben.
However, it is felt that a rearrangement as postulated is not a necessary
conclusion from these results, More likely, the possibility exists that the
decarboxylation procedure used here and by Dauben suffers from not being
clean, If some of the toluene resulting on decarboxylation were oxidized,
the dilution of the carboxyl CO, activity 1s explicable. To establish this
point the phenylacetic acid obtained will be converted to the acid chloride
and then aminated to give phenylacetamide, which in turn will be subjected to
a Hoffman degradation, If this indicates no rearrangement in the carbon
side chain, the point at issue will be completely settled. In addition,
the use of the acetophenone-(carbonyl)-clu will serve to complement to above
results,

g8hriner and Turner, J. Am. Chem. Soc. 22, 267 (1930)
Carmark and Spielmen, Organic Reactions, Vol., III, (1946)
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THE THERMAL DECOMPOSITION OF NiSnlho

L. Friedman and J, Bigeleisen

Abstract

The mechanism of the thermal decomposition of nitrous oxide
is discussed in the light of measurements on the isotopic comg0si-
tign of N% resulging from the decomposition of mixtures of NLJN
010 and nIbnlkol6, "It was found that the product Ny is formed
from NoO without rupture of the N-N bond, Hence, previously pro-
posed mechanisms involving N-N bond rupture are considered unten-
able, The results are consistent with a mechanism involving dis-
sociation into No and 0, followed by reactions of the oxygen atoms
with NoO and with each other,

Several mechanisms have been proposed for the thermal decomposition of
nitrous oxide. A combination of quasi-unimolecular reactions have been as-
sumed to account for the experimentally observed variation of half-time with
initial pressure.l It has been shown that an atomic chain mechanism of 1.5
order also fits the exBerimental data.®° We have investigated the thermal
decomposition of N1ON1%0 in order to obtain additional information on the
mechanism of this reaction,

N15N1h0 was prepared by the thermal decomposition of samples of
N15BhNO obtained from the Eastman Kodak Company according to a method
described previously.3 The NoO so obtained was transferred to a quartz
reactor fitted with a break seal, Decompositions were carried out by heat-
ing the N50 at approximately T50°C for two hours in the sealed quartz tube,
Runs were made with initial pressures of approximately 80 mm at 25°C, The
composition of the product gas was determined by mass spectrometric analysis
with a 60° sector type spectrometer, The absence of appreciable ion currents
in the m/e=hh region, above the normal background of COp, was taken as good
evidence for the completeness of the decomposition.

Semples of NyO containing approximately 7.5 and 60% excess NL1SNI40 were
decomposed. The 7.5% sample contained approximately 0.37% N1N130 and 0.03%
N15N150 resulting from the 0.4% natural abundance of N12 in the nitrate ion
in the source ammonium nitrate., In the case of the 60% sample, 0,164 N14n1do
and 0,24% N1ON150 were the expected "isotopic impurities."

Several mechanisms have been coRSidered previously for the path of the
decomposition. Hinshelwood and Burk™ first proposed a bimolecular collision

lc,n. Hinshelwood, The Kinetics of Chemical Change, O0xford University Press,
New York, 1945, pp. 131-6.

R.N. Pease, Equilibrium and Kinetics of Gas Reactions, Princeton University
Press, Princeton, 1942, pp. 128-3k,

L. Friedman and J. Bigeleisen, Brookhaven National Laboratory Progress Report,
January-March, 1950 (BNL 51(S-5)). p. 33.

4o .N. Hinshelwood and R.E. Burk, Proc. Roy. Soc, London Al06, 284 (1924},
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process in which two molecules of nitrogen and one molecule of oxygen are
formed directly from two molecules of NoO. A second possibility is the de-
composition according to the scheme:

N0 ———— Np+ 0 (1)
OHig0 ——3 Np + O (2)
00— 0p (3)

This mechanism leads to a complex order of the reaction which is depéndent on
the relative magnitudes of ko and k3 and lies between 1 and 2. Pease® has
proposed a chain mechanism which leads to a l.5-order reaction

NpO ———> N +NO (4)
NlNgO ——— Ny +NO - (5)
NO4No0 ———> Ny Ol (6)
N + NO ——> Np0 (7)

Pease proposed this mechanism primarily because the data of Hunter? could
be fitted by a rate law of order 3/2. The 3/2-order rate law resulted in a
single activation energy, in contrast to two activation energies in different
pressure ranges from a first-order rate law. Musgrave and Hinshelwood® found
a catalytic effect of NO on the reaction, and also found that NO is present
to a small extent in the products of the uncatalyzed reaction. Pease consid-
ered this as evidence for a2 mechanism involving NO as an intermediate,

From some qualitative considerations of the force constants in the NEO
molecule, one might expect reaction (1) to be more favorable energetically
than reaction (L), :

It has been shown that molecular nitrogen does not come to isotopic
equilibrium in & quartz vessel at 750°C in a period of 40 hours contact time,7
so that an equilibrium distribution of isotopic nitrogen molecules is expected
only for a decomposition mechanism involving the rupture of N-N bonds, The
results obtained in two experiments in which a mixture of N14Nl40 and wlSnllo
were decomposed are presented in the accompenying table. The results of the
decomposition of 7.5% excess N15n1ko are perhaps consistent with the chain
processes of the type suggested in reaction (L4-7) occurring simultaneously
with a quasi-unimolecular reaction., However the possibility of traces of
nitric oxide in the decomposition products and of background in the mass spec-
trometer at m/e=30 could easily account for the deviation of the ratio 30/29
which was found from that expected for a process in which the isotopic isomeri-
zation equilibrium of the nitrogen atoms is not established. The experiment
using 60% excess N2 was much more conclusive. The results are in good agree-
ment with the 1sotopic distribution estimated for a non-chain dissociation pro-
cess, The slightly high experimental value of m/e= 0 _can be completely ac-
counted for by the assumption of small amounts of N1%#0lO, This assumption is
supported by the observation of ions of m/e=31 which can only be N1J010,

o, Hunter, Proc. Roy. Soc. London Alkl, 386 (1934).
6F.F. Musgrave and C.N. Hinshelwood, Proe. Roy. Soc. London Al35, 23 (1932).
1G.C. Joris and H.S. Taylor, J., Chem. Phys. 7, 893 (1939).
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Mass-Spectrometer Analysis of the Products
of the Decomposition of N1ON14016 and Nllwllolé Mixtures

nfe = 28 29 30 31
N1oN1D +
N1ly1lk N1hyl5 N1lbol6 N15016

Bxpt., 1 5% ’ . 0.096 -

x§l5leo§g) % 92,35 7.55 9
Calc. 1) N-N bonds 92,34 7.60 0.03

do mot rupture
Calc. 2) Isotopic 92,57 7.10 0.147

equilibrium be-
tween N atoms in

N
Expt, 2) (60% 37.9 61.66 0,4k 0.15
N1ON14pl6)
Calc..l) 37.7 62,0 0.26 -
Calc, 2) 48.8 42,5 9.77 -

Two possibilities exist for the formation of N15016 in this reaction mix-
ture, It can be formed in the dissociation and rearrangement of N15N1h0, reac-
tions of nitrogen atoms with NpO, or oxygen atoms with Ny0 to give NO. Reac-
tions which consume N150 are ones between NO, and N0 and N nitrogen atoms,
respectively. In the case of the reaction between oxygen atoms and NpoO, one
would expect 30% N150 and T70% N1t from a starting mixture containing 60%
NLON140, A reasonable value of the relative abundance of Niko mey be obtained
by subtracting the value of NION15 calculated for no equilibration of nitrogen
atoms from the total intensity of the m/e=30 peek, On this basis, the ratio
of N150/N1%0 is approximately 3/4, rather than 3/7. In view of the rather
small concentrations of N14o and N15O, we are not certain whether any signi-
ficance may be attached to this difference.

In conclusion, it is evident that, from the studies on the decomposition
of N15N1h0, the mechanism suggested by Pease is untenable, and any mechanism
involving the rupture of N-N bonds should be eliminated from consideration.
The results are consistent with the quasi-unimolecular reaction outlined in
equations (1), (2), and (3), essentially the mechanism proposed by Hinshelwood
and Hunter.l They also indicate that the excellent agreement between the
kinetic data of Hunter and the chain mechanism proposed by Pease was fortui-
tous,
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THE INFRARED SPECTRA OF N1S5N1%016 anp wllyl5016,
SOME THERMODYNAMIC PROPERTIES OF THE ISOTOPIC N,O MOLECULES

J. Bigeleisen and L. Friedman

Abstract

The three fundamental frequencies of N15§14016 have been
studied in the infrared., One stretehing frequency and the bend-
ing frequency in Nluﬂlbolé have been similarly investigated.

The bending frequencies in N1ON1%016 and N1¥15016 are found to
be In good agreement with calculations from the product rule,
Some slight changes are made in the force constants for the
stretching vibrations in NoO. The stretching frequency w3 in
N1¥y15016 provides a good independent check on the force con-
stants,

The partition function ratios for isotopic exchange reac-
tions involving nitrogen and ongen in N0 are calculated. The
isomerization equilibrium N1SN14016 = NlENl5016 has been calcu-
lated over the temperature range 273.16-10009K., A correlation
is drawn between the structures of the isotopic isomers,
N15w14016 and N14N15016, and the isomerization equilibrium.

Introduction

In the course of an investigation of some aspects of the controlled ther-
mal decomposition of ammonium nitrate into nitrous oxide and water, we pre-
pared & sample of nitrous oxide enriched in N15 exclusively in the end posi- -
tion.1 The avallability of such a sample afforded the opportunity of deter-
mining its infrared spectrum with the expectation of improving the potential
function for the vibrations of nitrous oxide. In a concurrent and independent
investigation, Richardson and Wilson? have described the preparation of a
sample of nitrous oxide containing 60% N15 in the end position, and the infra-
red spectrum of this moiecule in the fluorite and rock salt regions of the
spectrum., They have also evaluated the stretching force constants in the
potential functions:

2V = fl AI’:L2 + f2 Ar22 + 2 f12 Arl Z_\.r2 (l)

We have measured the shift in the three fundamental vibrational frequen-
cies of Ny0 on substitution of N15 for N1% in the end position, and in two of
the fundementsl vibrations on N1D substitution in the center. The measure-
ments on the N14N15016 afford an independent check on the force constants in
equation (1), and confirm Richardson and Wilson's force constants, A slight

1L, Priedman and J, Bigeleisen, Brookhaven National Laboratory Progress Report,

January-March, 1950 (BNL 51(S-5)). p. 33.
%4.S. Richardson and E.B. Wilson, Jr., J. Chem, Phys. 18, 69% (1950)
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improvement of their force constants results from the combination of our meas-
urements on N15N14016 and theirs, op evid%nced by & better agreement with the
product rule and the spectrum of NI4N15010, The potential function (1) and
the gﬁoduct rule have been used to calculate the vibrational frequencies of
Nth 018 From the vibrational frequencies, the partition function ratios of
the various isotopig Ngo molecules can be calculated. The partition function
ratio £, NMMN15016/nIDyli0l6, is just the equilibrium constant for the iso-

merization equilibrium

N15yllol6 = plliynl5016 (2)

Thus, we can calculate the equilibrium between a peir of isotopic isomers. The
results of the measurements and calculations are presented below.

Experimental

The preparation of a semple containing 7.5% N12 in the end position has
been described previously.l A sample of NoO conteining 31.u4% N15 in the cen-
ter position and 0.4% N1J in the end position waes prepared from 31.k4% N15-HN03
as a starting material. The nitric acid was obtained from the Eastman Kodak
Company, Five millimoles of the enriched nitric acid were titrated with ordi-
nary ammonium hydroxide to the stoichiomstric end point; brom-phenol blue was
used as an external indicator. The solution was evaporated to dryness and the
solid emmonium nitrate was decomposed to give NoO by the method described pre-
viously.l It has been shownl,2 that the decomposition of Nlﬁﬂthh03 yields
N1on1llo exclusively. Therefore, the decomposition of a sample of ammonium
nitrate enriched in N13 in the nitrate ion yields N,O enriched in N13 in the
middle position.

The spectra were measured with a Baird Associates, Inc., Model B infrared
recording spectrophotometer. The shifts in the ¥, and ¥ ; bands, 1285.4% and
2224.1 eml, respectively, in N14N140l6 vere measured with e rock salt prism;
those in the ¥V, band were measured with a KBr prism. The cells were 5 cm long
and equipped with KBr windows., A sample of tank NoO was used in the reference
cell, The shifts were measured from experiments in which the pressure in the
reference cell was equal to the total pressure of No0 in the sample cell. The
shutter in front of the mirror in the sample beam was adjusted to give roughly
50% transmittence in a spectral region of no absorption. Under these condi-
tions, an excess transmittance, negative absorption, appears at the absorption
frequencies of NluNll‘Ol6 corresponding to the amount of absorption for one of
the N1J-substituted molecules at its corresponding frequency. This negative
absorption provides an internal wavelength calibration of the instrument. The
wavelength shift was determined using the dispersion of the instrument as fur-
nished by the manufacturer. The frequency shift over a small spectral region
is given by the relation:

Ay = -TRAN (3)
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where V 1s the average of the frequency determined by Plyler and Barker3 and
the corresponding N1J-substituted frequency, and is easily calculated to a
higher precision than the present experimental measurements. Determinations
of the wavelength shifts were made by measurements of recorded spectra as well
as point-by-point manual scanning of the spectrum, The latter gave better
precision and reproducibility because of the fact that the response time of
the bolometer and recording system is not negligible in comparison with the
time to scanan absorption peak,

The above procedure for measuring small frequency shifts was checked by
measuring the separation of close absorption lines in the ammonje spectrum,
The separations measured in this way were compared with the precise grating
measurements cof Barker. No systematic deviations were found; the accuracy
of our determinations was limited by the precision to which the wavelength
shift could be measured. The corresponding errors in the shifts in the N,0
spectrum on N1J substitution are indicated along with the experimental results.

Results

The shifts in the bending frequency Ve were easlly resolved by the KBr
optics, and were determined from the separation of the pronounced Q branches.
In accord with expectations, no shift could be found in the low stretching
frequency V; for the N1MN15016 molecule, In the case of the N1ON140l6
molecule, the shifts in v, in both the P and R branches were clearly resolved
and measured. In the measurement of the ¥3 shift in n15ykoll, the R branch
of the N1ON140l6 molecule was complete unresoived from the P branch of the
N14y14016,  The separation between the R branch of Nilnl4016 and the P brench
of NON4016 was measured. The shift in the band origin was calculated from
this measured separation; the value of 28 cm-1 was estimated for the P-R
separation.3;5 The shift in Vv in the Nlul\!15016 molecule was sufficiently
large so that the P and R branches of both the N14Nl401l6and N1MN15016 molecules
appeared distinctly. The experimentally determined frequency shifts are given
in the accompanying Table I.

I. Frequency Shifts on N1J Substitution in NyO (cm-1)

Nliyllholé Nlhylhol6 Nlinlhol6

Designation Nldylhol6? -N15y1ko16P -N15n1lkol6 -Nliy15016
vy 1285.0 17.5 16,1 % 1.4 -

Vo 568.8 - k2t o.3 12.9 £ 0.2

v3 2223.5 22,5 29 * 4 46.5 % 2.0

BMeasurements of Plyler and Barker3 reduced to vacuum.
Richardson and Wilson,?

E’EK Plyler and E.F. Barker, Phys. Rev. 38, 1827 (1931)
E.F. Barker, Phys. Rev. 55, 657 (1939)

2C.P. Snow, Proc., Roy. Soc. A128, 20k (1930).

6G. Herzberg, Infra-Red and Raman Spectra of Polyatomic Molecules, D, Van

Nostrand Co., Inc., New York, 19h5,

p. 278.
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The shifts determined for the N15Nlu016 agree with the measurements made
by Richardson and Wilson within the limits of the experimental errors of both
measurements. As will be shown below, their shift in ¥, is undoubtedly
more accurate than ours es a result of their use of a fliorite prism to mea-
sure this shift,

The experimental zero-order streiching frequencies are tabuylated in the
accompanying Table II. The zero-order frequencies for NI4N140l0 are those
calculated by Herzberg6 from the observed fundameﬁta 5, combingtion, and over-
tone bands. The zero-order frequencies for NION14016 ang §liw15016 nave been
calculated from the ones for Nth1h016, the observed shifts in Table I, and
the approximate relations introduced by Dennison: 1

ws :Vj(l +cpj) (&)

“.’Ji'.\; Vji [l"’a J( Vji/VJ)J (5)

The zero order bending frequencies are given in the accompanying Table III.

The first check that can be made on the isgtopic zero ordsr frequencies
is by means of the Teller-Redlich product rule.” For the linear XYZ molecule,
this rule states:

i L

wy@3 m M 2
wvl-.-i-;-3—i-= ;— . id—i- ( 6)
1
;;;-{ = ( ;— . Ic;[—i— » -I—i- ) ( 7)

where the superscript 1 refers to the lsotopically substituted molecule, m
is the mass of the isotopically substituted atom, M 1is the mass of the mole~
cule, and I 1is the moment of inertis of the molecule. The bending vibrations
aéi have been calculated from equation (6), with the value of @, calculated
from Plyler and Barker's data. The moments of inertias of NluNlh016, N15Nlu016,
and N14415016 nave been determined by microwave spectroscopy.?s10 The experi-
mentally determined microwave freguencies were used directly, since I @ V.
The moment of insrtia of leNluol was calculated using 1,126 R and 1,191

for the N-N and N-O bond distances,? respectively. The values of wy calcu-
lated from the product rule are compared with experiment in Table III, The
agreement between the observed and calculated frequencies is satisfactory.

The deviations can be ascribed to experimental error, and the reduction of the
observed frequencies to zero-order frequencies by Dennison's approximation.

gD.M. Dennison, Rev. Mod, Phys. 12, 175 (1940)

See Ref. 6 pp. 112, 231, ff,

9D.K. Coles, E.S. Elyash, and J.G., Gorman, Phys. Rev. 72, 973 (1947).
10p K. Coles end R.H. Hughes, Phys. Rev. 76, 178 (1949).



II. Zero-Order Stretching Frequencies for the Isotopic NpoO Molecules (cm'l)

Nlighol6 N15§1Lol6 N1lby15016 nllin1ko18
Calc. Calc. Calc. Calc. Calc. Calc. Calc.
from from from from from from from
Force Force Ob- Ferce Force Force Force Force
Con- Con- served | Con- Con- Con- Con- Con-
stants stants Ob- this stants stants stants stants stants
Desig- | Cb- A Table | C Table! served | Re- A Table | C Table | Ob- A Table | C Table C Table
nation | served | IV v R&W search| IV Iv served | IV Iv Iv
wy 1299.8 [ 1298.8 | 1299.8 | 1281.9] 1283.3! 1283.0 | 1283.5 - 1296.2 | 1298.6 1256.2
w3 2276.5 | 2277.1 2276.5 2052.9| 2246.21 2252.3 2052.6 2227.8 | 2228.8 2228.1 2270.8
III. Zero-Order Bending Frequencies for the Isotopic NoO Molecules (cm'l)
Molecule |@o- Observed @, Calculated (Product Rule)
Nlliwlholé 596.5 -
N15yikol6 592.2 592.9
nlhy15016 583.2 582.8
N1Unllol6 - 591.9

&
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The product rule check for the stretching frequencies is given in the
accompanying Table IV. It is clear from the product rule check that Richard-
son and Wilson's value for ®, for N15Nll‘016 is to be preferred to ours.

The best agreement with the product rule is obtained by using their value for
sy and our value for @ for N15N1h016, together with Plyler and Barker's
mdasurements on N 'N1%01b, This combination glves for the ratio of the prod-
uct of the stretching frequencies 1,0235, in perfect agreement with the prod-
uct rule. There is no other reason to prefer our measursments for « ; over
those of Richardson and Wilson, Therefore, we have chosen as the best set of
values for the zero-order frequencies for NIDNl 016 their value for 0)3, and
the average of their value and ours for ¢,.

IV. Force Constants? and Product Rule Check for
the Stretching Frequencies in NoO

A B cb
Richardson N1oy1kol6 Product
Quantity and Wilson (This Research) Rule
£, 18.98 22,22 18,714
£, 11.50 10.31 11.664
f12 1.43 3.56 1.312,
w} w3 1.0246 1.0265 1.0240 1.0235
1 1
O)l 0.13

8Force constants in units, of 105 dynes/cm.
Bealculated J‘.'rom.<’4)3(1\T]-51\T-L 016) from Richardson and Wilson, and cvl(Nl5NluOl6)
from the average of R and W and this research

The force constants in the potential function (1) can be calculated from
the zero-order frequencies by the use of the following relations:

MoERS T Ty T Ty Py £y T2y (8)

(9)

>\,1 >\3 = (Mg Ky o p,t Py Hy) (Fq fo g2

where A= U72«f and Py = 1/mk. Equations (8) and (9) have been solved for
the force constants from the zero-order frequencies of N14N14%016 ang N15N14016,
Three sets of force constants are listed in table IV corresponding to three
sets of frequencies for N1ON14010, The force constants in column A are those
calculated by Richardﬁon and Wilson; those in Column B are calculated from our
measurements on NLONIH0 6; those in column C are calculated from Richardson and
Wilson's velue for w3, and the average of their value and ours for @ 4. Our
value of w3 leads to an unsatisfactory set of force constants. The resulting
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value of f;, corresponding to N-N stretching, is higher than the force con-
stant in the nitrogen molecule, which seems unreasonable. The interaction
constant fy, 1is also rather large. There is little difference between the
force constants in column C and those in column A. As has been pointed out
by Richardson and Wilson, the interasction constant is most sensitive even to
the slight changes which we have introduced in Richardson and Wilson's values
for the frequency shifts,

The stretching frequencies in the molecules NiUnllol6, N15n1h0l6,
N1by15016, and W1MN1L0l8 have been calculated from the force constants in
Table IV. They are compared with experiment in Table II. The only independent
check on the force constants is afforded by the measured value of @, for
Nthl)Ol6. The agreement of both force constant sets A and C is“well with-
in the limits of the experimental error. Set C gives a slightly better
agreement than does set A. EREither set of force constants can be used to cal-
culate the stretching frequencies of any one of the isotopic No0 molecules to
a few tenths of a wave number.

Thermodynamic Properties

The vibrational frequencies for N1inlhol6, §lSyllol6, nNlinl5016, and
Nl“'l\ll)"ol8 in tables II and III can be used to calculate nitrogen and oxygen
exchange equilibria involving NpoO. The equilibria are most readily calculated
with the aid of the itables published for calculating partition function ra-
tios. 1l The partition function ratios, f values,ll for nitrogen and oxygen
substitution in NoO are given in the accompanying Table V. The stretching
frequencies used in the calculations were those calculated from force constants
C din Table IV; the bending frequencies were those calculated in Table III.

The conversion factor hc/k was taken as 1.438k7.12

The partition function ratio f, N14N15016/§15N14016, is the equilibrium
constant for the isomerization reaction (2). This can readily be seen from
the definiti n of £.13 The values for the equilibrium constant are about
as large as most of the ones which arise from the exchange of nitrogen atoms
between different chemical species.l This may appear surprising and counter
to the expectation that isotopic isomerization equilibrium constants should
be smaller than equilibrium constants for exchangs between different kinds of
molecules. The large equilibrium constant in the present case can be under-
stood from the nature of the normel modes of vibration and the product rule.
The shift in the stretching frequencies on N1 substitution is distributed
between the modes corresponding to w; and w3. In the mode wq, the central
nitrogen atom is virtually at rest; therefore, N15 substitution in the central
position puts almost all of the shift in the high frequency w-<. This makes a
large contribution to f Dby virtue of the larger values of both the factor

115, Bigeleisen and M.G. Mayer J. Chem, Phys. 15, 261 (1947). See equation

(11a) and Table I

123e1ected Values of Chemical Thermodynamic Properties. National Bureau of
Standards, June 30, 1948

1356 Ref. 11, equation (7)

g ¢, Urey, J. Chem. Soc. 1947, 562
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V. Partition Function Ratios and Exchange Equilibria Involving No0

f f f=K f X
N15N1kol6 | Nllyl50l6 | wliyl5pl6. | nlliynllol8 | yllynlkol8 32016
7K Nliylhol6 | yllyllhol6 | wlSylkol6é | nllylhol6 | Nlunlkol6 32018

273.16 1.0915 1.1401 1.0445 1.1127 1.0359
298,16 1,0814 1.1246 1.0399 1,0916 1.0233
300 1.0808 1.1235 1.0395 1.0908
400 1.0541 1.0827 1.0271 1.0586 1,0116
500 1.0388 1.0595 1.0199 1,0408 1.0056
600 1.0291 1.0L4kg 1.0154 1.0299 1.0023
700 1.0226 1.0350 1.0121 1.0227
800 1.0180 1.0280 1.0098 1.0179
900 1.0147 1.0229 1.0081 1.01hk

1000 1.0122 1.0190 1.0067 1.0118

G(u) and also Au. The bending mode, which is doubly degenerate, also has

& larger shift on N12 substitution in the center, rather than on the end,
because of the fact that the center atom is very close to the center of grav-
ity of the molecule,

The oxygen exchange equilibrium constant between gaseous NoO and HyO is
also included in Table V. The partition function ratios for the water mole-
cules are taken from Urey's tabulation.l¥ This equilibrium has been calcula-
ted previously by Rosenthal,1d who obtained the value 1.056 at 0°C., The dis-
crepancy between Rosenthal's calculations and those in table V arises from
the fact that her stretching frequencies for N1iylhol8 were calculated from a
potential functioh based eutirely on the spectrum of Nlyl4ol6,
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THE EFFECT OF ISOTOPIC SUBSTITUTION ON THE MASS SPECTRAL PATTERNS OF MOLECULES

0.A. Schaeffer

Abstract

The effect of isotopic substitution on the mass spectral
patterns of simple molecules is discussed, A general approximate
method for predicting this effect is presented. It is assumed
that bond rupture occurs through independent harmonic vibrations
of the individual bonds. The probability of a particular mode
of fragmentation is calculated from the vibrational wave func-
tions of the molecule and from values of the critical separation
of the two atoms, the latter numbers being estimated from the
known mass spectral pattern of an isotopic molecule, Predictions
are compared with experiment for a number of cases. Agreement
within the limits of experimental error is found, although ex-
perimental errors obscure sharp test of the predictions.

There have been & number of determinationsl of the effect of isotopic
substitution on the mass spectral pattern of a molecule. Except for the case
of hydrogen, no theoretical calculations which explain these effects quantita-
tively appear in the literature.

When a molecule is ionized by electron impact in a mass spectrometer, a
number of products are formed because of the breaking of one or more bonds in
the molecule, The nature of this process has been understood for some time.2
The first step 1s the removal of one or more electrons by the impinging elec-
tron, sometimes accompanied by excitation of the remaining electrons. This
process takes place in a time so short that the nuclel can be considered at
rest. The effect on the nuclei is that they suddenly find themselves in a
new potential field, that of the smaller number of electrons. Depending on
the configuration of the nuclei at the time of impact, the molecule will de-
compose or remain intact.

Two kinds of information are required for a prediction of the probability
for breaking a given bond or set of bonds. These are 1) a knowledge of which
configurations of the nuclei lead to the rupture of the given bond or set of
bonds, and 2) the probability of finding the nuclei in a given configuration.
The latter is obtained easily from the ground state vibrational wave functions,
Vibrational wave functions are available for most simple molecules from anal-
ysis of spectral data. The former type of information can be deduced from
appropriate potential functions for the various ionized states. Such poten-
tigl functions are, in general, however, not available.

Because so little 1s known about the potential surfaces of molecular ions,

lSee, for example, J. Turkevich, L. Friedman, E, Solomon, and F.M. Wrightson,

J. Am, Chem, Soc. 70, 2638 (1948)
2. Bleakney, E.U. Condon, and L.G, Smith, J. Phys. Chem. 41, 197 (1937)
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these 1deas have been applied only to a calculation of the relative yields of
molecular and atomic lons from,hydrogen.3 FPor hydrogen, the potential func-
tion of the ions as well as accurate wave functions are known, The agreement
between this calculation and recent experimental results™ shows that the es-
sential ideas on which the theory is based are valid. It is the purpose of
this report to describe an approximate method which allows a celculation of
the change in mass spectral pattern on isotopic substitution without a know-
ledge of the potential surfaces of the ionic states.

The General Method

The potential energy of a molecule or molecule ion can be approximated
by the form:

V= AR, (1)

vhere R, is the jth internal coordinate. This form neglects the coupling
terms of the form k;; RiR; and all anharmonic terms. Such a potential does
give reasonasble agreement between calculated and observed vibrational frequen-
cies for polyastomic molecules,”? Then for each bond i in a given molecule
ion, there will be some distance Rgjy such that, when R;, the bond length,
1s less than Rqy, the potential energy of the bond will be larger than the
energy required to break the bond.

It will be assumed that, for a given arbitrary displacement of the
nuclei, those bonds and only those bonds will break for which:

Ry < Ry (2)

This assumption is the basis for the epplication to polyatomic molecules.

It states, in effect, that the bonds are independent, That is, if one bond
possesses a large amount of potential energy, it will dissociate rather than
distribute its potential energy among the other bonds.

The assumption certainly is valid for diatomic molecules, where only one
bond is involved. The application to diatomic molecules will furnish no test
of this hypothesis, but will serve as & check on the correctness of the ap-
proximations used.

The problem now is to evaluate the various Rgy's, which would be a rela-
tively easy mstter 1f the appropriate potential functions for the molecule
ion were availeble. In place of such information, the R.i's can be considered
as parameters to be evaluated by inserting values for the probabilities for
breaking the bonds. The bond breaking probabilities may be determined from
the mass spectral pattern of one of the isotopic molecules, For example, the
probability of breaking the bond in the molecule X-X would be given by

ED.P. Stevenson, J. Chem. Phys. 15, 409 (1947)
0.A. Schaeffer and J.M, Hestings, J. Chem. Phys. (in press)
See for example, G. Herzberg, Infrared and Raman Spectra. D, Van Nostrand

Co., 1945
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X*/(X++X2+). The R,; values are invariant to an isotopic substitution. As
defined, they depend on the potential surface of the molecule ion which is
negligibly influenced by an isotopic substitution for one of the nuclei. The
mass spectral patterns of the other isotopic molecules can then be obtained
by the use of the R.;'s and the known vibrational wave functions. In effect,
the calculation allows an estimate of the pattern of a molecule if the pattern
of an isotopic molecule is available.

The vibrational wave function for the harmonic oscillations of a poly-
atomic ion or molecule can be wirtten:

“1 2 2 92 n_ 2
f --—2‘Ql -3 Q . '—éQ (3)
y(Q) =e ‘e 27 . cer € " ,

where Q represents the totality of the normal coordinates, Q; being a
particular cne, and:

1
27( m; Z
e e 1 (1)

d.i:_ o

The other symbols have their usual significance. The normal coordinates can
be expressed in terms of internal coordinates R by:

UWs=Z Iy By (5)

In terms of internal coordinates, the wave function becomes:

21 2 a2 2
= —5(J13B1+I pRote e e +T14Ry) -5 Joq By tdoBote s et dn R ) .
Y (R) = e )
SB(g RytT B te..td.R)2
2'°n1"l “pn2t2 " Ynnn (6)

see' €

Let P, be the probability of breaking the k® bond and no other bonds,
and let Pk,' be the probability of breaking the xth and jth bonds simultan-
eously and no other bonds, and so forth for other combinations of bonds.

Then according to the previously stated assumption (2):

Rek ‘( ®
Py = f_ f ¢ 2(R)dR (7)
R0 Ry7KR ,
and
R R.: @
ck cj
P, = f Y 2(R)4R, (8)
J RF0 R0 Ry#kor J=Rgy

J
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with similar expressions fof the other P values. Since values for the Q's,
i.e., the Jtg, and for the o's can be determined by a normal coordinate anal-
ysis of the molecule, the values of the R,;'s are uniquely determined, in prln-
ciple, by relations of the type (7) and 8} together with values of the P's
obtained from the mass spectral pattern.

The determination of the P's from the mass spectral data involves certain
approximetions which need further discussion. It would be a simple matter to
evaluate the P's accurately if only one electronic state of the ion were in-
volved, But for most work reported in the literature, the data were obtained
at relatively high accelerating voltages, in the neighborhood of 50 v. For
electrons of 50-v energy, molecules will be excited to a number of ionic
states, so that the measured ratio X*/(X,*+X*), for example, will not repre-
sent P for a single state, but rather will be an average value of P over
several states,

To evaluate how large such effects may be, the numbers in the accompany-
ing Table I were calculated. The body of the table lists values of X¥/(X,7+X*)
for the isotopic molecule whose o is 1,1 times the o of the normal molecule.

I. Calculated Ion Ratios X*/(Xp*+X*) of Isotopic
Distomic Molecules for Various Types of Electronic Statés

Assumed One Two Bonding One Bonding, A1l xt
Experimental Bonding States One Repulsive from
Ratio for the Jonic State Repulsive
Normal Molecule State a b c States
0.050 0.042 0.043 0,045 0.046 0.050
0.100 0.089 0,090 0.09% 0,092 0.100
0.200 0.189 0.190 0.195 0.190 0.200

8For half the X*'ions coming from each state, 1/3 the X2+ from one state,
and 2/3 the Xp© from the other.
or all the X* ions coming from the same state, half the X2
each state.
CFor half the X' ions coming from each state,
same state.

coming from

all the X2+ coming from the

The range of X+/(X2 +X*) listed in Teble I is that encountered in most
molecules. The calculation based on a single state does not deviate appreci-
ably from the value if two states are involved, both of comparable X+/(X2++X*)
ratio; however, it does deviate appreciably from the true value if one of the
states either contributes no X' and a large fraction of the X2+, or if a large
amount of the X * comes from the repulsive states. An interesting point to
note is that, in this range of X*/(X++X2+), the largest isotope effect is ob-
tained if the X* all comes from a single bound state.

For experimental data which are determined at low electron voltages,
there will be negligible amounts of ions contributed from repulsive states.
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However, there will not necessarily be negligible amounts of undissociated
ions contributed from states having low probability of fragmentation. The
assumption of only one state as responsible will lead to an upper limt for
the isotope effect.

Comparison with Experimental Data

Nitrogen

The mass spectral pattern of a mixture of Nthlu, Nliyl5, and N1SN15
has been obtained using 50-v electrons.T From this pattern and that of a
sample of natural sbundance nitrogen, it was possible to obtain values of
X*/%o* for all three isotopic molecules., These are listed in the accompany-
ing Table II, along with a set of values calculated by the preceding method,
assuming that all the ions originate from a single state,

IT. X+/X2+ Ratios for the Nitrogen Molecules

Molecule observeal Xt /X, Calculated X' /X,"
Nlbylk 0,067 (Used to evaluate R;)
N1n15 0.067 0.065

N15N15 0.061 0.063

The agreement between the experimental data and the calculated values is sat-
isfactory. The ratios listed by Mohler and coworkers were obtained by sub-
tracting a number of contributions to the 14 and 19 mass peaks, a procedure
which tends to increase the error. The observations were made by electro-
static scanning, which requires a correction for discrimination. Discrimina-
tion will reduce the apparent isotope effect and make the observed values
approach the calculated ones., On the other hand, there are known low-lying
states of N2+ whose R, values are so small that the states would lead to
negligible fragmentation.

Carbon Monoxide

For carbon monoxide, Dibeler and coworkers8 have obtained the ratios
c13+/c13010+ gna ¢12+/c12016* from a cl3-enriched sample, The comparison of
these observations with a calculated ¢13+/c13016* ratio appears in the accom-
panying Table III. BHere again, the agreement is better than one would expect,
as the same sort of errors are involved as discussed before for nitrogen.

Tv. Dibeler, F. Mohler, R. Reese, J. Chem., Phys. 18, 156 (1950)
8y. Dibeler, E. Wells, Jr., and R. Reese, Bull. Am. Phys. Soc. 25, #3, 32,
Abstract N8 (April, 1950)
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III. C+/CO+ Ratlos for Carbon Monoxide

Molecule Observed® c+/co+ Calculated c*/cOt
012012 0,05k (Used to evaluate R_)
cl3pl 0.051 0.052

Carbon Dioxide

A particularly interesting case which will test the assumption of the
independence of the bonds is that of the ratios C13+/c13030+ and c12+/cl20
from carbon dioxide. The normal modes of carbon dioxide are represented
below.

«—QO % O— "1
O— @ O—> 2
1‘ g
O @ 6 ¥3

The bending mode can be neglected as there are never any large repulsive terms
in its motion. The only mode capable of yielding C* is v1s to_the approxima-
tion discussed before. Since for vy, m equals the mass of 0%, the value

o} a _for ci3ol ~and c12010 will be the same. Hence, the observed ratios
Cl3+/Cl3Ol6+and 012+/01201 *should be the seme. Dibeler snd coworkers® have
reported the values C13+/C130i0* _ 0,0542 and c12+/c12036+ = 0,0564. since
it seemed that this non-squality might have been caused by a discrimination
error by the mass spectrometer used, this point was investigated, by redeter-
mining the values at high accelerating voltages and with magnetic scanning, at
this Laboratory. The ratios are listed in the accompanying Table IV for
several electron voltages.

16+
2

Iv. C+/002+ Ratios from.Clzo%ﬁ and Cl3O%§

Electron Voltage* 012+/0120%§+ cl3+/cl3o%§+

35 0.0121 0.0123
Lo 0.0216 0.,0220
50 0.0318 0.0328
60 0.0392 0.0k00
68 0.0k12 0.0418

*Not corrected for contact potential

These data show the Ct/CO,* ratio to be the same from 012016 and 013016,
2 2 2
within 2%. The agreement is within the experimental error.
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From the results giveén in Tebles II, III; and IV, one can conclude that
the proposed method of calculaticn, with its necessary approximations, leads
to reasonable agreement with the experimental results available at present.
It must be admitted that the inaccuracies inherent in the available experi-
mental data prevent a sha§p comparison with theory. The data of Mohler,
Dibeler, and coworkers,7l undoubtedly suffer from discriminatioh errors
introduced by the method of scanning employed. Our data; likewise, may be
in error from discrimination caused by the source magnet;9

9Brookhaven National Laboratory Progress Report, January-March, 1950 (BNL 51
(s-5)) p. 32

ON THE RELATIVE EFFICIENCIES FOR THE COLLECTION OF
POSITIVE IONS BY A 60°-SECTOR MASS SPECTROMETER

0.A. Schaeffer
Abstract

The discrimination effect in a 60°-sector type mass spectrom-
eter has been studied with electrostatic scanning and with mag-
netic scanning. It is found tkat electrostatic scanning causes
seriocus discrimination errors in relative abundance measurements,
which, however, can be practically eliminated by scanning at high
ion accelerating voltages, L0CO-5000 v. Magnetic scanning, on
the other hand, ylelds raties free from discrimination at volt-
ages from 750 to 5000 when the icns have initiaslly only thermal
energy. Bor ions which are formed byvrupture of bonds and possess
appreciable kinetic energy, only magnetic scanning at voltages in
excess of 4000 gives a pattern free from major discrimination
errors.

The relative abundances of positive ions of different o/m ratios formed
in the source of a mass spectrometer by electron impact are not necessarily
the same as the relative abundances of these same positive ions received on
the collector plate and recorded. The effect of preferentially collecting
ions of certain e/m 1is usually called discrimination, One of the conse-
quences of discrimination is that the mass spectral patterns of molecules or
mixtures of isotopes vary with the particular magnetic and ion accelerating
field chosen to focus the various ions on the collector.l For a given method

lrnis is particularly evidenced by the patterns reported in the American
Petroleum Institute Research Project Lk, National Bureau of Standards
Catalog of Mass Spectral Data. If one compares the patterns obtained with
a relatively low accelerating voltage and magnetic scanning with those pat-
terns obtained at higher voltages using electrostatic scanning, one finds
that differences as large as a factor of two are not uncommon among the

lighter fragments,
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of scanning, the patterns are closely reproducible. As a result, discrimina-
tion errors can be eliminated from the analytical applications of mass spec-
trometry by the use of proper internal standards. However, this effect is of
concern in some other aspects of mass spectrometry, such as the determination
of isotope abundances and the interpretation of differences in mass spectral
patterns of isotopic molecules, 1In the former case, discrimination may intro-
duce a systematic error far exceeding the precision available. In the latter
case, one may ascribe a change in pattern wholly to the effect of isotopic sub-
stitution, when indeed the effect, in certain cases, might be predominantly a
discrimination effect, It has been calculated® that, for a simplified ion
source, the collimating slit may cause the measured abundance ratio of Ne 20 o
Ne“2 ions to differ from the true value by about 1% if the ions are brought
into focus at a fixed magnetic field by varying the ion accelerating voltage.
The seat of the effect is that the differences in the random initial velocities
of the ions (thermal motion) with different masses cause the different masses
to have different efficiencies in traversing the slits in the ion source. This
same calculation indicates that magnetic scanning should eliminate the effect.

More recently, experimental data have been presented3 for the difference
in the pattern of n-butane using either magnetic or electrostatic scanning,
end also for the variation of different peak heights with accelerating volt-
age. Here also, the cause of the effect was believed to be differences in the
initial velocities of the ions, resulting in this case from differences in
the recoil momenta of the various fragments., It was found that neither elec-
trostatic scanning nor magnetic scanning at 1200 v gave a patttern free from
discrimination.

Ba,in‘roridgel+ has pointed out that, in order to maintain identical trajec-
tories for the various e/m ions in a spectrometer with a fixed source mag-
netic field, the masses must be scanned by varying the ion accelerating field,
For this reason, one would favor electrostatic scanning over magnetic scanning.
This conclusion is at variance with that suggested by Coggeshall's calculation
and also with the results of the following investigation.

It is thus evident that differences in the initial velocities of the ions
can cause a discrimination effect. However, the remedy for this effect is not
as evident; while magnetic scanning will eliminate the discrimination due to
different velocities, it may introduce an error due to different trajectories
of the ions. This investlgation was directed at the questions as to how large
.such effects are and how they can be minimized in measured ratios,

Experimental

All the data were obtained with the 60°-sector type mass spectrometer
described elsewhere,”? The only difference was that the magnet current was

2N.D. Coggeshall, J. Chem. Phys. 12, 19 (194h)

3H Washburn and C. Berry, Phys, Rev, T1, 559 (1946); C. Berry, Phys. Rev.
78, 597 (1950)

uK T, Bainbridge, Rapports et Discussions sur Les Isotopes. R. Stoops,

Brussels, 1948, pp. 83, 97

20.A. Schaeffer and J.M. Hastings, J. Chem. Phys. (in press)
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supplied by a regulated electronic power supply with a sweep circuit which
slowly increased the magnetic field. The source magnet was positioned to
obtain a maximum ratio of trap current to total emission current, then re-
positioned slightly to give maximum ion beam current without reducing the

trap current to emission current ratio, The spectrometer was operated with

an emission current of 120 uemp, a trap current of 50 pamp, and 40-v electrons.
The sample pressure behind the leak wag adjusted so that the pressure in the
mass spectrometer tube was about 1x10-° mm of Hg,

The lon source voltages were readjusted for each scan of the magnet.
For krypton, mass 84 was focused, and then masses T8 to 86 were scanned. It
was observed that when mass 84 was properly focused, all the krypton isotopes
were also focused. For the other rare gases, the ion source voltages were
adjusted so that each mass was in proper focus. The propene data were ob-
tained by focusing on mass 29 and then scanning the masses 12 to 45. It was
found that this procedure gave proper focus conditions, except for the lowest
masses, which could be increased in intensity by roughly 10% by refocusing.
While the method of scanning used introduces roughly 10% error in the absolute
ratios of the lowest masses to mass U4, it introduces a comparatively smaller
error in the trend of the ratios with accelerating voltage.

Electrostatic scanning was accomplished by manually varying the ion ac-
celeration field with a voltage divider network, keeping the ions in proper
focus by readjusting the ion source voltages for each mass.

The krypton sample was obtained from a tank supplied by Linde., The rare

gas samples of A and He were Matheson tank gases. The propane was Phillips
research grade. All the gases were used without further purification.,

Effect of Discrimination on Isotope Abundance Measurements

In crder to evaluate the nature of voltage effects on measured isotope
abundances, a set of curves was obtained which represent the yariation in ion
intensity with lon accelerating voltage for Kr8h, ALO, and Heh. These are
presented in the accompenying figure along with a calculated curve. The ex-
perimental curves in the figure have been plotted in such a way that at 5000 v
all curves have the same value, i.e., the intensities, in recorder divisionms,
of the experimental points for each curve have been divided by a number which
makes the 5000-v value the same as on the calculated curve, The calculation
was made on the basis that the decrease in intensity as the voltage is lowered
is due to the thermasl motion of the ions in the source; it was similar to
Coggeshall's calculation,2 except that it was made in terms of the geometry of
the ion source used here., For the calculation, it was assumed that the wide
top slits and the first narrow slit had no effect, and that all the discrimi-
nation was caused by the second narrow slit, which was the one Jjust before
the magnetic analyzer. It was further assumed that the slit immediately be-
fore the collector also had no discrimination effect. The basis for the last
assumption was the fact that this slit was operned to several times its usual
width for these experiments. It was found that the slit could then be closed
appreciably without diminishing the peak heights, which could only be the
case i1f the beam were focused by the magnet to a size smaller than the slit.
With the slit this wide, it was still possible to resolve completely the
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krypton isotopes, as evidenced by the fact that the ion current dropped to
zero between the various krypton peaks. '

It is quite evident that the calculated curve does not approximate the
experimental curves, except possibly for the region from 4000 to 5000 v, The
difference is that the experimental voltage effect is much larger than the
calculated one. The focusing efficiency of the ion source increases with
voltage; also, the high voltage can penetrate further into the ionizing region
and collect ions over a larger volume. Both of these effects have been neglec-
ted in the calculation. The curves also show, however, that the collection
efficlency is not solely a function of the ion accelerating voltage, but de-
pends also, to some extent, on the e/m of the ion being focused, This is
evidenced by the fact that the curves for Heu, A“O, and Kro% are not parallel
over the entire voltage range. The dependence of e/m can be ascribed to the
fact that the various e/m ions do not traverse the same trajectory because
of the fixed source magnetic field, Because of the rather steep slope of these
curves, it is apparent that electrostatic scanning of a mixture of isotopes at
voltages below 4000 would lead to erroneous asbundances.

It has been observed that, quantitatively, this behavior is dependent on
the positioning of the source magnet, end that for certain positions the vol-
tage effect will be different from tihwt illustrated in the figure. However,
the qualitative features remain, namely: that there is a several-fold en-
hancement in using 4000 over 1000-v ion accelerating potential, that there is
a relatively small additional enhancement in going to 5000 v, and that the
various mass curves are not parallel. The curves in the figure are typical
of what is considered an optimum source magnet position using the criteria
discussed in the experimental section of this article. That the position of
the source magnet affects the collection efficiency is reasonable, since any
movement of the source magnet causes a corresponding movement of the electron
beam and, hence, a movement of the region in which the ions are formed.

From the results, one would conclude that the best scanning conditions
with this type of instrument would be high accelerating voltage and magnetic
scanning, The mass effect is not very large; the data show that in traversing
a 10% range in mass, as 1s the case for most isotopes, one would introduce
less than a 1% error by using magnetic scanning, even at low voltages.

To determine the effects for an actual case, the relative abundances of
the krypton isotopes were determined by scanning the masses magnetically at
several ion accelerating voltages from 750 to 5000 v, and by electrostatic
scanning at low voltages and at high voltages. The data are presented in the
accompenying Table I. Each set of values represents the average of from one
to three individuasl determinations, There are no evident systematic trends in
the magnetically scanned values with voltage. However, the electrostatically
scanned value at low voltages deviates quite considerably from any of these
values, while the one scanned at high voltages does not deviate from the mag-
netically scanned values beyond the experimental error of about 1% for a
single determination.

The electrostatically scanned values are what one would predict from
curves similar to those in the figure. The additional information obtained
from the magnetically scamned results is that, for the mass range covered
by krypton, the mass effect is less than experimental error.
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I, Isotope Abundances of Krypton with Different Scanning Methods

Electrostetic
Magnetic Scanning Scanning

Mass | 750 v | 1000 v | 1500 v | 2000 v | 3000 v | 4000 v| 5000 v| H* | B

78 | 0,337 0.334| 0,338 0.340| 0.34k| 0.341| 0.345| 0.38 0.35
80 | 2,21 2.22 2,22 2.23 2.27 2,26 2.25 2.k6 2.30
82 j11.49 11,50 | 11,48 |11.42 |11.k2 |11,46 [11.k5 |11,90 [11.51
83 11,45 | 11,51 |11.48 {11,481 [11.,k2 | 11,46 | 11,45 |11,58 | 11,60
8k 56,80 |56.97 | 57.00 |57.14 |57.03 | 56.9% | 57.03 |56.85 | 56.97
86 |17.70 | 17.46 |17.50 |17.46 |17.51 |17.53 | 17.47 | 16.83 | 17.27

8Magnetic field such that mass 78 is focused at 1700 v.
bMagnetic field such that mass 78 is focused at 4500 v.

The magnetically scanned results for krypton were averaged and then cor-
rected for fractionation caused by the leak employed.5 The values are com-
paered with those of previous investigators in the asccompanying Table II. The
results of the present work, when uncorrected for fractionation, agree well
with those of Thode,6 while the corrected values geviate slightly and agree
more nearly with Nier's! corrected values, Thode® used a capillary type leak,
and it is difficult to understend that guch a leak does not require any cor-
rection for fractionation,

II. Comparison of Various Isotopic Krypton Abundances
This Research
Corrected for | Lounsbury, Epgtein Dibeler, Mohler
Mass | Uncorrected | Fractionation and Thode Nier! and Reese

78 0.3k 0.35 0.34 0.34 0.36
80 2.23 2,28 2.23 2,26 2,25
82 11,47 11.61 11,50 11.50 11.57
83 11,45 11.51 11.48 11.50 11,44
84 57.00 56.94 57.02 56.95 57.14
86 17.53 17.31 17.43 17,41 17.24

The agreement of this present result based on magnetic scanning and the
previous results which used electrostatic scanning at relatively low voltages

Eﬁ; Lounsbury, S. Epstein, and H.G. Thode, Phys. Rev. 72, 517 (1947)
Ta.0. Nier, Phys. Rev. 52, 933 (1937); private communication to H.G. Thode,
see Ref, 6
8V.H. Dibeler, F.L. Mohler, and R.M. Reese, J. Research Nat. Bur, Standards §§,

617 (1947)
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seems anomalous at first glance. This apparent anomely means only that the
large voltage effect fouad for the spectromster used here wes not present in
the spectrometers of Thode® or Nier, That this should be the case is not
hard to understand, because the spectrometers of these investigators do not
heve the same type electrostatic lens system as that used in our spectrometer.
This indicates that the large voltage effect is to be associated with the
perticular type electrostatic focusing used in our spectrometer. In support
of this contention is the fact that both the Consolidated-Nier and the General
Electric analytical mass spectrometers, which have ion sources similar to ours,
show the same large voltage effect. Previous results3 on the Consolidated
Model 102 spectrometer with an ion source like that used by Thode6 and Nierl
do not show as large a voltage effect. Recent results on a 60C-sector type
spectrometer9 similar to the one used for this research show the same large
voltage effect.

The conclusion to be drawm from these results is certainly not that all
electrostatically scanned values of previous investigators are in error.
Rather, it is that, for spectrometers which have an ion source design similar
to the one in our spectrometer, electrostatic scanning gives correct results
only at relatively high voltages, while magnetic scanning gives correct results
over a wide range of ion accelerating voltages.

Voltage Effect on Mass Spvectrometric Patterns of Polyatomic Molecules

There still remeins the interesting point of the effect of a change of
scanning conditions in the pattern of a polyatomic molecule, This is of
particular interest in those isotope abundence measurements which are made on
icn fragments of polyatomic molecules and in the evaluation of the gquestion
to what extent observed isotope effects on bond rupture may be instrumental.

For this study, the mass spectral pattern of propane was recorded by
magnetic scauning at various ion accelerating voltages. The results are
listed in the accompanying Table III, where the magnetically scanned mass
spectral patterns of propane are given for 750, 2000, 4000, and 5000-v ion
accelerating potentisls., Here one sees that there is & marked variation in
pattern with voltage in contradistinction to the case of the rare gases, The
only difference between comparing the ratlo of two rore gas ions and compar-
ing that of two ions of comparable e/m from the pattern of a polyatomic
molecule is that the initially formed rare gas ions will have only thermal
energy, while the corresponding ions from the polyatomic molecule will have,
in addition, some kinetic energy acquired on the rupture of the chemical bonds.
The variation in pattern can be ascribed to the initial kinetic energy of the

ions,

It might seem from previous data3 that, because of the wide variation in
initial kinetlc energies encountered in the different ion fragments of a poly-
atomic molecule, no method of scanning could hope t0O approximate a true meas-
ure of the relative abundances of those fragments as present in the ion source.
However, the data in Table III for the magnetic scans at L0OCO and 5000 v show

%G, Careri and G, Nencini, J. Chem. Phys. 18, 897 (1950)
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III. Mass Spectral Pattern of Propane as a Function of Ion
Accelerating Voltage Using Magnetic Scanning
Mass 750 v 2000 v 4000 v 5000 v
12 * .12 .08 «11
13 22 .25 .29 .22
14 .87 1.52 1.58 1.48
15 4.8 8.58 8.90 8.49
24 07 .09 .08 A1
25 .65 . 6L .78 .5
26 16.4 16.9 18.7 18.3
27 ok 104 111 il2
28 19 173 175 175
29 242 276 278 279
30 5.54 6,16 6.47 6,31
36 * .05 .08 .08
37 3.17 3.34 3,61 3.58
38 9.5 9.0 9.61 9.55
39 55.5 53.1 57.2 5T7.3
Lo 8.5 8.7 9.27 9.25
h1 Lh.1 43,2 Ly, 2 43.9
Lo 19.2 19.0 19.8 19.6
43 80.9 79.6 79.2 78.2
Ly 100 100 100 100
45 3.29 3.30 3.33 3.32
*¥Too small to ve detected

such good agreement that one is led to the conclusion that, even in the case
of a molecule as complex as propane, one can get a true pattern if one scans
magnetically at relatively high voltages. This means that measured isotope
effects which are determined by magnetic scanning at high accelerating vol-
tages should not be instrumental effects., On the other hand, isotope effects
measured by electrostatic scanning or at low ion accelerating voltages will
require a correction for voltage discrimination, a conclusion which is inde-
pendent of the type ion source used. The data of Barry3 show that even for
a simplified ion source in a 180° instrument the collection efficiency changes
markedly with ion accelerating voltage for ions with initial energy in excess
of thermal motion.
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SPECTROFHOTOMETRIC DETERMINATION OF CERIUM (IV)

A.I. Medalila and B.J. Byrne¥

Abstract

A method has been developed for the determination of Ce(IV)
based on spectrophotometric measurements at the peak of its ab-
sorption at 320 my in the ultraviolet, The recommended procedure
is more than ten times as sensitive as & previous procedure using
a blue filter in the visible, In the persulfate oxidation to
Ce(IV), it is important not to use too large an amount of persul-
fate or of ammonium ion, because of the absorption of residual
persulfate and of nitrate (formed by oxidation of ammonium ion)
at 320 my, Interference by several elements was studied.

The familiar yellow color of the ceric ion in acid medium has been made
the basis for a colorimetric procedure, in which cerous ion is oxidized with
persulfate in boiling 1 N sulfuric acid with silver ion as a catalyst.l If
the intensity of the yellow color is determined visually, the sensitivity is
approximately 10 gamma of cerium per square centimeter; the photometric sensi-
tivity with a blue filter is 0.5 gamme, according to the definition of Sande1l,l
A spectrophotometric study in the visible? has established that the absorption
of ceric sulfate increases continuously up to 480 mu (the lower limit of the
study). As pointed out by Sandell,l increased sensitivity would be expected
to result from use of monochromatic violet light,

Absorption Spectrum of Ceric Ion

The absorption spectra of ceric sulfate in sulfuric acid of various con-
centrations are shown in the accompanying Figures 1 and 2. These spectra,
covering the range 260-400 mu, were obtained with a Cary recording spectro-
photometer, with a cell length of 10.0 cm, using 2,22 x 102 M solutions of
ceric sulfate prepared by fresh dilution of a standardized solution (0.0888 N)
of G.F. Smith ceric sulfate, In 1 N acid, the absorption maximum occurs at
322 my; in 6 N acid, att3lh my; and in 0,1 N acid, at 319 mp, The molar ex-
tinction coefficients found in these solutions at the maxima are 4.84 x 102,
4,70 x 103, and 5.16 x 103, respectively. A photometric sensitivity of 0,029
gamma can thus be realized; that is, according to the definition of Sandell,l
this amount of Ce(IV) in a column of 1 em@ cross section will give an extinc-
tion of 0.001,

*Reactor Science and Engineering Department.,
1p,B. Sandell, Colorimetric Determination of Traces of Metals. Interscience

Publishers, New York, 19k
2¢,T. Kasline and M.G, Mellon, Ind. Eng. Chem., Anal, Ed. 8, 463 (1936)
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It was first attempted to determine cerium according to the procedure of
Sandell,l with the modification that the absorption was measured at 320 mup
uzing a Beckman DU spectrophotometer with a l-cm silica cell, In this pro-
cedure, 10 ml of soluticn are made 1 N in sulfuric acid; 0.2 g of ammonium
persulfate and 0.5 mg of silver nitrate are added. The solution is boiled
for 5 min, cooled, and diluted to 10 ml, and the transmittance is then meas-
ured. This procedure gave erratic results when the measurements were made
at 320 mu, TFurther study revealed two principal sources of error: first,
absorption of light at 320 mp by any persulfate remaining after boiling, and,
second, absorption by the nitrate ion formed by oxidation of the ammonium ion
by persulfate, An absorption spectrum of 00,0010 M emmonium persulfate in 1 N
sulfuric acid, measured in the 10-cm cell of the Cary, with 1 N sulfuric acid
as the blank, is shown in the accompanying Figure 3a. The absorption increases
continuously as the wavelength is decreased; this is also seen from the curves
of Figures 3b and 3¢, which were obtained with 0.010 and 0,10 M persulfate,
respectively, An absorption spectrum of potassium nitrate is shown in Figure
L; the location of the maximum at 301.5 mu has been established previously.

Both of the above sources of error can be made negligible by using l/lO
the amount of persulfate recommended by Sandell.l While satisfactory results
are obtained with this amount of ammonium persulfate, it is evident that
potassium persulfate is to be preferred,

The solutions are stable after oxidation for 10-20 min if water of good
quality is used throughout; however, with water containing traces of organic
matter, rapid fading has been found.

Recommended Procedure

The amount of cerium taken should be between 0,04 and 0,20 mg, for maxi-
mim accuracy (although as little as 0.003 mg can be detected without undue
care), in 10 ml of 1 N sulfuric acid in a 30-ml beaker., To this solution is
added 0,5 mg of silver nitrate (0.2 ml of a 0.25% solution) and 24 mg of po-
tassium persulfate (1,0 ml of a 2.4 solution), A small carborundum chip is
added to promote even boiling; the beaker is covered; and the solution is
boiled for 5-10 min, water being added, if necessary, 10 masintain a volume
of 6-10 ml, The beaker is placed in cold (15°) weter for 5 min, and the
solution is then transferred to a 10-ml volumetric flask and made up to vol-
ume, The extinction is measured at 320 mu in a silica cell; the concentration
of cerium is determined from a calibration curve,

Results Obtained with Recommended Procedurs

Construction of Calibration Curve

To 5.00 ml of ceric sulfate (0,0888 ) was added 0.1 N hydrogen peroxide

3. Kortum, Z. Physik, Chem. B43, 418 (1939); G. Scheibe, Ber. 59, 1321 (1926)



69
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EXTINGTION
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6. EXTINCTION AT 320 mug VS. TIME OF BOILING
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until the solution was colorless, From this was prepared, by successive dilu-
tions, a solution 1l.11 x 10°* M in cerous ion, in 1 N sulfuric acid; aliquots
of this solution were treated by the above procedure, and the extinctions

were measured in a l-cm cell with a Beckman DU spectrophotometer (hydrogen
lamp, 0,34-mm slit width). The results are shown in the accompanying Figure
5. Beer's law is followed closely over the range studied; the extrapolated
blank (0.003) is virtually negligible. Similar curves obtained at other wave-
lengths than 320 mp are also shown in Filgure 5; Beer's law is followed at
these wavelengths also, although the sensitivity is, of course, not as great.

Variations in the Recommended Procedure -- Time of Boiling

Extinctions measured of solutions initially 1.1l1 x lO'u in cerous sul-~
fate, oxidized according to the above procedure with various times of boiling,
are shown in the accompanying Figure 6. Satisfactory results are found with
between 5 and 35 min of boiling,

Amounts of Persulfate and Silver Nitrate

The effects of variations in the amounts of these ingredients are shown
in the accompanying Table I, Satisfactory results are obtained with the
recommended amounts of silver end persulfate, or with as little as 1/4 these
amounts,

I. Recommended Procedure with Varying Amounts of Silver Nitrate and
Potassium Persulfate
(all with 155 gamma Ce(III); boiled 10 min)

AgNO3 (mg) K5550g (mg) Extinction (320 my)
0.50 oh 0.640
0.12 24 0.648
None 2k 0.598
2.50 24 0.660
0.50 6.0 0.640
0.50 96 0.666

Effect of Ammonium Ion

Oxidation of ammonium ion to nitrogen and nitrate ion by persulfate in
the presence oﬁ silver ion (at 25°) has been reported by Marshall and subse-
quent workers, Results obtained under the conditions of the present proced-
ure are given in the accompanying Tables II and III,

”H. Marshall, Proc, Roy. Soc, Edinburgh 23, 163 (1900); H. Marshall and
J.K.H, Inglis, ibid. 24, 88 (1902); D.M, Yost, J., Am, Chem. Soc. 48, 374
(1926); C.V. King, ibid, g% 2689 (1927); 50, 2080 (1928); C.V. King and

F.L. Griswold, ibid, 52, 1Lk93 (1930)
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II, Oxidation of Ammonium Ion to Nitrate Ton in the Absence of Cerium
(solutions boiled 10 min, then made up to 10 ml)

5,08 NH), AgNO4 Extinction| NO3 Formed®
(M x 102) | (M x 102) (mg)” Hy80, | (320 my) | (M x 10°)

8.9° - - - 0.054 -
8.9 17.8 0.50 - 0,079 1.8
8.9 17.8 0.50 1N 0.017 0.2
8.9 17.8 - 1N 0.008 0.0
0.89° 1,78¢ 0.50 - 0.023 0.4
0.89 1.78 0.50 1N 0.005 0.1
0.89 1.73 - 1N 0.004 0.0
0.89 200, 0.50 1N 0.054 1.2
0.89 20, 0.50 1N 0.005 0.1

8Calculated from extinetion at 301 my, corrected for blank (boiled
without ammonium sulfate).

Unboiled; extinction due to persulfate.

CThese amounts correspond to 20 mg of ammonium persulfate (equivalent
to 24 mg of potassium persulfate),

III, Oxidation of Ammonium Ion to Nitrate Ion in the Presence of Cerium
(all solutions 1 N in sulfuric acid, with 0.50 mg Aglo3,
2k mg K»S5,0g, and 155 gamma cerous or ceric cerium;
solutions boiled 10 min, then made up to 10 ml)

NH), Extinction NO§ Formed®
(M x 10°) Cerium (320 mu) (M x 10°)
- Cerous 0,640 -

- Ceric 0.643 -
200 Cerous 0.870 b.2
20 Cerous 0,665 0.4

2 Cerous 0.635 0,0
200 Ceric 0,837 3.2

8Calculated from extinction at 301 md, corrected for blank.

From the data of Table II, it is seen that the persulfate-ammonia reac-
tion leads to the formation of much more nitrate in initially neutral solu-
tion than in 1 N sulfuric acid; this, effect of acid is in agreement with the
observations of Marshall and Inglis.l‘L In 1 N acid, the amount of nitrate
formed from emmonium persulfate in the amount used by Sandell! is sufficient
to give a significant extinction at 320 mu, even in the absence of cerium.

With the recommended amount of potassium persulfate, and 2 M ammonium ion
(added as ammonium sulfate), the amount of nitrate apparently formed is greater
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IV. Interference by Various Metals in the Determination of Cerium

(A1l extinction ccefficients are those of the individual compounds;
extinctions are those of the indicated mixtures with 1,11 x lO'u
M cerium (III) carried through the recommended procedure with

20 mg of (NHy),S,0g)

Molar Extinction Coefficient

(¢; cm®/millimole) Extinction
Amount
Compound Taken 320 mu 3%0 my | 270 mp | Taken (M) ; 320 mp | 340 mp
Cep(80y)3 alone | 4.83x103 | 4,11x103]2,26x103 | 1,11x10™% |  0.640 | 0.550
CuSO0), * SH,0 - - |2.8x10t |1.0x1072 0.639 | 0.550
1,0z10°1 0.676 | 0.556
FeS0y*TH0 or | 6.3x10% | 3.3x10° {5,8x10° |2.0x1077 0. 68U -
Tey(S0,)32 1.0x10°% | 0,920 | -
KpCRy07 6.3x10% | 1,2x103 |2,0x103 |6,9x10°6 | o.642 | -
3,3x1077 0.653 -
1.3x10°% | o0.707 | -
KMuoj, 1.52103 | 1.2x103 |2,4x10° |1,0x1072 0.634 -
4,0x1072 0,641 -
NH},VO3 3,2x10° | 1.9x10° - 2,0x1072 0.639 -
1.0500°% | 0.661 | -
U0,50y, * 3,0 1.2x102 | 2,3x10% |1,0%103 |1.0x1077 0.653 | 0.556
1.0x10°% | 0.758 | 0.574
Th(NO3)y+bE0 | 1.6x10% | 1.2x10% [1,0x10% |1.0x1077 0,636 | 0.552
1.0x10"% | 0.660 | 0.563
KNOg 3.0 - 1.9 1.0x1072 0.675 | 0.556
1,0x1071 0.980 | 0.562

8Ferric sulfate taken for determination of extinction coefficient; ferrous
sulfate used in analytical procedure.
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than would correspond stoilchiometrically to the amount of persulfate taken,
The significance of this 1s not clear at present,

In the presence of 155 gamma of cerium (III), the extent of formation of
nitrate is several fold higher than in the absence of cerium, Thus, with the
recommended amount of persulfate, the initial presence of 0,2 M ammonium ion
causes a significant error in the cerium determination, although the corres-
ponding blank (Table II) is negligible, However, with 0,02 M ammonium ion,
which is slightly greater than the amount of smmoanium ion present in 20 mg
of ammonium persulfate (corresponding to the recommended amount of potassium
persulfate), no error is found, When cerium is present initially in the
quadrivalent, rather than the trivalent, state, the amount of nitrate formed
(from 2 M smmonium ien) is considerably greater than in the absence of cerium,
indicating that the cerium acts here principally as a catalyst, rather than
by an induced reaction.

Effects of Various Metal Ions

A number of metal ions, of such a nature as would be expected to either
occur together with cerium in nature, or to interfere with the cerium deter-
mination, have been studied according to the following plan., First, the ab-
sorption spectra of solutions of C.P. compounds in 1 N sulfuric ac1d were
determined in the ultraviolet, with the Cary instrument (10-cm cell)., The
extinction coefficients at 320 mp were calculated; on this basis, various
amounts of each substance were taken, together with a known amount of cerium
(I11), for analysis according to the above procedure, with smmonium persulfate
(20 mg) as reagent. With many metals, it was evident from the absorption
curves that the interference could be greatly reduced, at comparatively slight
cost in sensitivity of cerium determination, by working at 340 mp, rather than
at 320 mu, The results are given in the accompanying Table IV and Figures 7
and 8, Data for potassium nitrate are also included.

The molar extinction coefficients at 320 mu of the majority of the com-
pounds of Table IV are of the order of 10% of that of cerium (IV), For this
reason, separations must be made frcm a larger number of elements than if the
color of the cerium (IV) is measured in the violet portion of the visible
spectrum, On the other hand, the interference due to copper, particularly
at 340 mM, is so slight that it is possible to determine cerium accuretely
in a strong blue solution, The interference found with iron was higher than
expected on the basis of its extinction coefficient; with manganese, on the
other hand, less interference was found than expected.




(i

A TEST FOR TRACES OF ORGANIC MATTER IN WATER

A,I. Medalia

Abstract

A method is described by means of which traces of organic
matter in water can be detected with greater sensitivity than
by the customary permanganate test, The new method is based
on the induced air oxidation of ferrous iron accompanying the
reaction between ferrous iron and hydrogen peroxide, in the
presence of organic compounds, The sensitivity of the method
varies from about 0,1 ppm to 10 ppm.

Detection of small amounts of organic contaminants in water is of impor-
tance from the standpoints of potability, industrial use, or use as a solvent
for reaction studies at high dilutions, While specific methods are available
for certain classes of organic matter, such as hydrocarbonsl and phenols, 2
the only general test in current use is the reduction of permanganate in hot
acid solution. Many classes of organic compounds are, however, quite stable
toward permanganate under these conditions; on the other hand, reaction of
permanganate with compounds which are readily attacked gives rise to the for-
mation of manganese dioxide, which catalyzes the decomposition of permanganate,3
thus apparently magnifying the extent of the reasction between permanganate and
these compounds. Eyen motes of pyrex or silica have been reported to catalyze
thls decomposition. Doubtless connected with this autocatalytic decomposition
of permanganate is the occurrence of blanks (with purified water) which may be
sufficiently large and irreproducible to mask the effect of traces of organic
matter,

Recently it was found”? that the reaction between ferrous iron and hydrogen
peroxide can initiate a chain reaction in which dissolved organic compounds
react with dissolved molecular oxygen, with the formation of organic peroxides.
If the amount of ferrous iron taken is in excess of that of hydrogen peroxide,
then these organic peroxides oxidize a portion of the excess ferrous iron, so
that the net observed result is an induced oxidation of ferrous iron. The
following reaction sequence may be taken as typical:

H,0p + Fet* —— OH" + Fe*3 + HO- (1)
HO * + Fe*tt —> OH™ + Fe*3 (2)
HO * +BE —> R * + HO (3)

18.D. Kirschmen and R, Pomeroy, Ansl. Chem. 21, 793 (1949)

2M,B. Ettinger and C.C. Ruchhoft, Anal, Chem, 20, 1191 (1948)

3M,N. Morss, A.I. Hopkins, and M.S. Walker, Am., Chem. J. 18, 401 (1896)
be.B. Taylor, Nature 160, 56 (1947)

51.M. Kolthoff and A.T. Medalia, J. Am. Chem, Soc. 71, 3784 (1949)
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AR+ 0p ——> ROO: | ()
ROO* + RE ——> ROOH + R- (5)
ROO* + Fet* 4+ Ht ——> ROOH + Fe™3 (6)
ROOH + Fe** — > RO + + OH™ + Fe*3 (7)
RO* + Fe™* + B* — > ROE + Fe*3 (8)
RO* + RH > ROH + R ° (9)

In the above mechanism, whatever the path or chain length, the oxidation
of two ferrous ions by the induced reaction corresponds to the reduction of
one oxygen atom (to water) and the insertion of another oxygen atom in the
orgenic compound. That is, for each oxygen molecule which enters into the
reaction, one oxygen atom oxidizes two ferrous ions, and the other oxygen
atom is consumed by the organic compound. For the sake of comparison with the
permanganate method, therefore, we may express the results obtained in terms
of the amount of oxygen consumed, calculated on the basis of one equivalent
(8 g) of oxygen per equivalent of ferrous iron oxidized by the induced reaction.

Since the hydroxyl radical is an extremely strong oxidizing agent, even
the most stable organic compounds are attacked; high sensitivity is afforded
by virtue of the chain nature of the autoxidation., The reaction is carried
out at room temperature, so that the difficulties inherent in the use of hot
solutions of strong oxidizing agents are avoided.

Procedure

Reagents

Ceric sulfate, 0.005 N, in 1 N sulfuric acid: prepared fresh daily by
dilution of standardized 0.1 N ceric sulfate. Ferrous sulfate, 0.02 M, in
1.2 N sulfuric acid: add 8 ml of concentrated sulfuric acid to 200 ml of
water; then add 1 g of a goed grade of FeSO)-THpO. Hydrogen peroxide, 0,005 M:
dilute 0.1 ml of 30% hydrogen peroxide (reagent grade, inhibitor-free) to 200
ml with water., Ferrous phenanthroline (ferroin) indicator, 0,006 M.

The ceric sulfate and ferroin solutions can be made up in ordinary dis-
tilled water; the ferrous sulfate and hydrogen peroxide should be made up in
water which has been distilled from alkaline permanganate, then from 0.1 M
sulfuric acid,

Standardization: 10.00 ml of the ferrous solution 1s diluted with asbout
20 ml of water; 0.2 ml of ferroin is added, and the mixture titrated with
ceric solution. Similarly, 10.00 ml of hydrogen peroxide is mixed with 15 ml
of water and 5 ml of 6 N sulfuric acid; 0,2 ml of ferroin is added, and the
mixture titrated with ceric solution to a colorless end point (complete dis-
appearance of orange color), The indicator blank is found by adding 0.20 ml
of indicator to 120 ml of water containing 2 ml of 6 N sulfuric acid, then
titrating to a colorless end point,
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Procedure

To 100 ml of the sample of water, in a 250-ml Erlenmeyer flask 10.00 ml
of ferrous solution is added from a pipet, with swirling; followed by* 10,00
ml of hydrogen peroxide solution, with swirling, The mixture is allowed to
stand 15 min at room temperature; then 0.2 ml of ferroin is added, and the
ferrous iron is titrated with ceric solution to a completely colorless end
point, A blank is run with water which has been distilled from permanganate,
then from acid. The blank should correspond to less than 0,05 ml of ceric
solution (calculated as below).

Calculations

let F, H, and B be the titer (in ml of ceric solution) of the ferrous
solution (10 ml), the hydrogen peroxide solution (10 ml), and the blank, re-
spectively; let I Ybe the indicator correction as determined experimentally.
The corrected blank B-I should be within 0.05 ml of F-H.

Let S8 ©Dbe the titer of the sample of water by the above procedure; let
N be the rormality of the ceric solution. Then the number of milliequivalents
of ferrous iron oxidized by the induced reaction is given by

(B-8)N
and the number of milligrams of oxygen consumed per liter of water sample is:

(80)(N)(B - 8)

Results

The above procedure has been tested using water to which was added known
amounts of various typical organic compounds, The blank on the pure water
was satisfactory in all cases. The organic compounds were the purest avail-
able; in view of the small amounts used of the individual compounds, further
purification did not appear necessary. The benzene (reagent grade) and pen-
tane (Phillips Petroleum Co. 99% mol purity) were added as filtered, saturated
aqueous solutions,

For comparison, tests were also carried out by the reaction with perman-
ganate, according to the procedure given in Scott's Standard Methods of Chemi-
cal Analysis (5th ed.), Vol.2, p.2053. Solutions of volatile compounds were
heated in screw-capped bottles, Recults obtained with both methods are given
in the accompanying Table I, expressed throughout as milligrams of oxygen con-
sumed per liter of solution, corrected for the blank.

In comparing the results obtained with the two methods, it must be borue
in mind that the titrations are more precise, and that the blanks are lower

*The hydrogen peroxide must be added after the ferrous solution, not before,
to avoid error due to induced decomposition of the hydrogen peroxide; cf.
A.I. Medalia, Ph.D. Thesis, University of Minnesota, June, 1948.
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I. Comparison of Ferrous Iron - Hydrogen Peroxide Test with Permanganate

Test, with Solutivrns of Various Organic Compounds

(A dash (-) indicates that the oxygen consumption was equal
to or less than that of the blenk; a blank space indicates
that the corresponding experimsnt was not carried out)

Oxygen Consumption (mg/liter)

Concentration T
Compound (M) Fe "-Hy0p Permanganate
Ethanol 22102 0.22 0.17
1x10~4 0.98 0.83
Acetone 2x10"2 0.0h4 -
1x10~4 0.10 -
5510~ 4 0.60 0.08
Acetic Acid 1x10~4 0.02 .
4x10-% 0.10 -
1x10-3 0.17 0.02
Aerosol AY lx10‘6 0.08
2x10-6 0.17
2x1070 0.77 -
6x102 0.25
ox10-14 1.40
Sodium benzoate 2x1079 0.37 0.09
ox10~4 0.15
Benzene lxlO'6 -
2x10-6 0.05
2x10"9 0.37 -
1x10°4 1.33 0.30
1x10-3 0.80
‘Pentane 2x1074 0.43 0.69
Gelatin 2 ppm 0.11 0,09
10 ppm 0.49 0.15
Sodium formate lxlO'ﬁ 0.10
Propionic acid 1x10™ 0.93
Quinoline 21072 0.51
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and better reproducible, with the new method than with the old. Thus, the
former titration was found to be reproducitle to 0.02 ml of 0,00Lk4 N ceric
sulfate, and the latter to 0.05 ml of 0.01k N permanganate so that the pre-
cision of the former titration corresponds to 0.007 mg of oxygen per liter,
and that of the latter to 0.057 mg., ZRBlanks with pure water were in the range
0.00~-0,02 ml of ceric reagent, and 0.10-0.20 ml of permanganate. Thus, while
the blanks with the former were in agreement within the precision of the ti-
tration, the poor reproducibility of the blanks with permanganate led to an
approximately two-fold increase in error over that due to the titration alone.
In sum, then, the oxygen consumption values in the ferrous iron - hydrogen
peroxide test are significant to sbout 0,01 mg of oxygen per liter, while the
values in the permanganate test are significant to only about 0.10 mg per
liter,

Examination of Table I shows that nearly all the compounds studied gave
higher oxygen consumption values with the ferrous iron - hydrogen peroxide
test than with the permanganate test., Keeping in mind the above limits of
error, significant values are, in general, obtained with the former test at
concentrations lower by an order of magnitude than with the latter. Both
tests vary considerably in sensitivity toward different compounds; however,
this variation 1s more extreme with permanganate than with ferrous iron and
hydrogen peroxide. The results obtained with the above representative group
of organic compounds indicate that any compound containing a C-H linkage in
a position not adjacent to a C=0 bond should give a positive test with the
new method at concentrations of the order of 0.1 ppm, while with a few parti-
cularly stable compounds, such as acetone and acetic acid, the limit of detec-
tion is of the order of 10 ppm.

BEffect of Chloride

It has been established previously5 that chloride ion suppresses the
induced oxidation of ferrous iron under conditions such as those studied
above, This suppression involves, first, reacticn of a hydroxyl radical
with a chloride ion, forming a chlorine atom; the chlorine atom then reacts
with ferrous iron in preference to reacting with organic compounds. Since
chloride ion is a common constituent of water from various sources, a pro-
cedure has been develcped by means of which the suppressing action of chloride
can be eliminated., In this procedure, the chloride ion is tied up as soluble,
undissociated warcuric chloride, which does not interfere with any stage of

the determination.

Reagents. Mercuric nitrate, 0.01 M, in 0.2 N sulfuric acid, prepared in
purified water, Sodium nitroprusside, 10%, in water,

Procedure, First, the chloride content of a 100-ml aliquot is determined
by titration with mercuric nitrate: 0.3 ml of nitroprusside reegent 1s added;
then mercuric nitrate is added from a 10-ml buret until a turbidity is notice-

able.

To another 100-ml aliquot is then added the same amount of mercuric ni-
trate as used above; addition of ferrous iron and hydrogen peroxide, and titra-

3;3_ Votocek, Chem,-Ztg, 42, 257 (1918)
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tion with ceric sulfate, are then carried out as described above. It should

not be necessary to run a blank determination on the mercuric nitrate, but if
desired, this may be carried out with a solution 10-3 M in potassium chloride.

Results in the Presence of Chloride

It was first shown that the titration of ferrous iron with cﬁric sulfate
gives accurate results in the presence of mercuric nitrate (5x10~ M), and
also in a solution of potassium chloride (1x10-3 M) which has been titrated
with mercuric nitrate in the presence of nitroprusside, as above. An attempt
was made:to carry out the ferrous iron - hydrogen peroxide reaction in the
same solution in vwhich the titration of chloride has been performed; however,
as shown in the accompanying Table II, poor results were obtained, due to the
presence of the nitroprusside. The suppressing effect of chlorides upon the
reaction in the presence of gelatin, ethanol, sodium benzoate, or acetone, and
the elimination of this suppressing effect by the addition of the correct
amount of mercuric nitrate (in the absence of nitroprusside) are also shown
in Table II.

II. Results Obtained by the Ferrous Iron - Hydrogen Peroxide
Method in the Presence of Chloride
Apparent
KCl Hg(NO % Nitro- |Oxygen Consumption
Organic Compound (Mx103) (Mxlg ? prusside (mg/liter)
None 1 - - -0.01
- 0.5 - 0.0l
1 0.5 - -0.01
- - Present ~0.05
1 0.5 Present -0.03
Gelatin (10 ppm) - - - 0.50
1 - - 0.13
1 0.5 - 0.49
- - Present 0.15
1 0.5 Present 0.14
Ethanol (2x1077 M) - - - 0.22
0.1 - - 0.16
l - - 0.09
l 005 - 0.35
Sodium Benzoate (2x1072 M)| - - - 0.35
1 - - 0,20
l 005 - o.ul
Acetone (5x10'h M) - - - 0.56
l - - Ooll
l 0-5 - 0'59
B
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As seen in Table II, the oxygen consumption (as calculated from the titra-
tion data) in the presence of mercuric chloride is not less than, and is in
some cases greater than, in its absence. Apparently, the mercuric chloride
can play a part in the chain reaction.
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NUCLEAR RECOIL FOLLOWING NEUTRINO EMISSION FROM Bel

R. Davis, Jr.

Abstract

The energy spectrum of reco%l ions following electron cap-
ture and neutrino emission in Be! is being studied. The measure-
ments have been improved by use of en electrostatic analyzer and
electron multiplier detector and by maintaining at elevated tem-
peratures the surface from which the recoils originate, Data
are presented which show a peak in the energy distribution, con-
sistent with a line spectrum of the energy expected if a single
neutrino is emitted modified by energy losses experienced by the
ions in leaving the surface.

Experiments to measure_the nuclear recoil following the neutrino emission
in the K-capture isotope Be! were described in the previous progress report.
These experiments were directed particularly toward methods of preparing the
surface, determining the weight of the surface layer, and measuring the yleld
of recoil ions from the layer. Lately, the method of measuring the recoil
spectrum has been greatly improved., Results of the first set of measurements
with the new apparatus will be given in this report, along with a short des-
cription of the essential details of apparatus itself.

The Vacuum System and Preparation of the Source

The vacuum system used in the experiment was divided into two separately
pumped sections which were interconnected by a valve. The general arrangement
of the system is shown schematically in the accompanying Figure l. The appara-
tus was arranged in this way so that the source could be prepared in one side
of the system by a distillation and then transferred to the opposite side
through the vacuum valve., In this way, the transfer could be accomplished in
vacuo, and the measuring equipment could be kept free from possible contamina-
tion that may result from the distillation of Bel. The source was prepared
on the surface of a cassette (a platinum foil spot welded to a nickel ring)
which could be readily moved to any point in the glass vacuum system with a
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magnet, The source, once prepared, was placed on a slider mounted on the
electrostatic analyser, and moved into position under the plates of the
analyser.

The Be! was obtained by proton bombardment_of C.P. lithium metal with
the University of Pittsburgh cyclotron. The Be7 was separated chemically from
the lithium target by a procedure capable of removing the contaminants ususlly
present in metallic lithium, The efficiency of the procedure for removing
these contaminants was tested by qualitative spectroscopic analyses at several
points in the procedure. At the end of the chemical separation, carrier-free
Be! was obtained in a dilute hydrochloric acid solution. This solution, hav-
ing a volume of about 1 ml, was evaporated a drop at a time on the lower tung-
sten ribbon from distillation tube A. The operation was accomplished outside
of the vacuum system, and the tungsten ribbon was reinstalled in the vacuum
system containing the dried deposit. The ribbon was then heated in vacuum to
1400°C, at which temperature the visible contaminsnts remesining as a residue
from the evaporation of the HC1l solution in air distilled off. At this point,
the ribbon appeared quite clean. The additional operations in the preparation
of the recoil source were as follows:

1. The cassette was outgassed in the quartz tube at 900°C for 15 hours.

2., A thin layer of lithium fluoride was then distilled onto its surface
in tube B, while care was taken not to let the pressure exceed 3x10°° mm Hg.

3. The Be7 was then distilled from the lower tungsten ribbon of tube A
onto the upper ribbon at about 1600°C, while the upper ribbon was in a posi-
tion directly above the lower ribbon (see Figure 1). Precautions were taken
to outgas the upper ribbon thoroughly at 2000°C prior to the distillation.

4, Finally, the Bel was distilled from the upper tungsten ribbon onto
the lithium fluoride surface on the cassette. The cassette was placed above
this ribbon just before the final distillation. During these distillations,
pressures rose to 5x107° mm Hg, but immediately after the distillations, the
pressure dropped to its normel operating level of bx10-7 mon Hg.

The source thus prepared was moved through the valve to the electrostatic
anslyzer for the measurements,

The Electrostatic Analyzer

The electrostatic analyzer used for measuring the recoil spectrum is
shown also in Figure 1. The analyzer had concentric cylindrical plates with
a mean radius of 10 cm end a spacing of 1 cm between the plates., Slits were
located at the entrance and the exit of the analyzer to increase its resolu-
tion and to insure symmetrical fields at the entrance, However, in these
experiments the source was too weak to measure at high resolution, so it was
necessary to remove these slits. A pair of grounded grids was introduced in
place of the upper slit to shield the analyzer from the 2000 v on the first
dynode of the electron multiplier. Without the slits a monoenergetic ion of
50-v energy would give & peak having a half-width of about 5 v. A center-
tapped resistor was connected between the plates of the analyzer so that a
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voltage applied to the plates was equally divided above and below ground.

The center-tap of the resistor and the metal backing of the recoil source it-
self were grounded to the brass vacuum chamber containing the analyzer, The
energy of singly lonized atoms passing through the analyzer is given by the
expression:

E = Pb-ﬁ’ = 5,246
" 2 log (rpfry) 2 |21 -

where r; and r, are the radii of the cylindrical plates, and |v,-v | is
the voltage drop across the plates, However, it must be pointed out %ha% ions
leaving the LiF surface and passing the brass plates of the analyzer are sub-
Ject to a field arising from the contact difference in potential between these
dissimilar materials, The magnitude of this contact difference in potential
was not measured in the present experiments, but would be expected to have a
retarding effect on the ions of several volts.

The electron multiplier used was developed by R.P. Stonel of the R.C.A.
Laboratory, Princeton, N.J., and was loaned for this work through the courtesy
of I. Wolff of the R.C.A. Laboratory. In these experiments, it was necessary
to accelerate the ions into the first dynode of the tube to produce a pulse
large enough to operate the counting circuit. For this reason, the first dy-
node was operated 2000 v negative. The multiplier and asnalyzer were tested
prior to the experiments with ions (from thermal ion sources) accelerated to
definite energies from 5 to 80 v. The efficiency of the multiplier for these
particles was not determined,

Results and Discussion

As mentioned, the source was not sufficlently intense to make measurements
with the slits in place. Removing these caused some delay; consequently, a
freshly distilled source was not messured, After several hours, the measure-
ments at room temperature shown in the accompanying Figure 2 were obtained.

It is known from the earlier experiments that the yield of ions from the sur-
face decays with time, which may be ascribed to the surface being covered by
adsorbed or condensed gases in the vacuum system, or recrystallization of the
surface deposit, Measurements were continued by increasing the temperature
of the surface. Results are shown for 85 and 225°C, taken successively; an
additional curve obtained after the source had remsined at 225°C for 14 hr

is included, It is seen clearly that the yield of ions increases many fold
with increasing temperature, and standing at elevated temperatures further
increases the yield. This result is interpreted as due to thermal cleansing
of the surface by distillation of adsorbed contaminants, One would expect an
accompanying change in the shape of the spectrum in the direction of an in-
creased number of high energy ions. This was observed on increasing the tem-
perature from 85 to 225°, but the change in shape was not markedly augmented
after the 1lh-hr heating, although the yield of ions increased by a factor of
two., All the curves shown exhibit a sharp drop at the low end of the spectrum,

1R.P. Stone, Rev. Sci, Inst. 20, 935 (1949)
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less than 5-10 v, but this may be caused by a reduction in the sensitivity of
the apparatus for these low energy ions, This point will be examined further
in future experiments.

The decay scheme of Bel may be represented as follows:
Bel + e ——> LiT + v + 0,86k Mev (90%)

Be7 + & —> Li7*4 v + 0,384 Mev
- . (10)
Li ——> Li! + v (0.480 Mev)

If the K-capture decay is accompanied by the smission of a single neutrino,
90% of all Lil nuclei should recoil with an energy of 57.3 ev. Multiple
neutrino emission, on the other hand, should lead to a broad spectrum of re-
coil energies with a maximum recoil energy of 57.3 ev. The results presented
are not clean enough to distinguish clearly between these two possibilities.
However, the high energy side of the spectra, particularly the ones at 225°,
is quite steep. This is most reasonably understood as a monoenergetic peak
with broadening at the low energy side introduced through collisions of the
recoiling ions with surface contaminations. The exact end point cannot be
obtained from these data since the contact potential fields mentioned pre-
viously were not measured. Also, the observed recoil energy must be corrected
for the energy of binding the atom to the surface. It must be further empha-
sized that these curves were obtained at low resolution.

In future experiments, the resolution of the instrument will be increased,
and the contact potentials will be measured,

HALF-LIFE OF 1129

S. Katcoff, 0.A. Schaeffer, J. Hastings

The half-life of I*29 ig being investigated by measurements of the abso-
lute disintegration rates and isotopic constitutions of iodine samples of
known mass extracted from reactor-irradiated urenium metal. The metal used
had cooled for two years. The uranium was dissolved in HCl, and a small
amount of normel iodine was added as carrier, After oxidation with hydrogen
peroxide, the elementary iodine was removed by counter-current extraction into
CCly. It was purified by several cycles of reduction to iodide, extraction
into water, oxidation to iodine and re-extraction into CCly. The purification
cycles were continued until PAI, samples showed constant specific activity
when measured in a "Nucleometer.,"

For the measurements of the absolute disintegration rates and isotopic
ratios, methyl iodide samples were prepared by reaction of the radiocactive
iodine with methanol and red phosphorus at 110° in a sealed tube, By means
of a break-off seal, the methyl iodide vapor was transferred to a calibrated
vacuum system in which metal valves were used to avoid stopcock grease., For
each run, a few aliquots were removed for counting, for iodine analysis, and
for isotope ratio determination.
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The counters were 2 cm in diameter and 30 cm long, and had 2-mil tungsten
center wires and gold or silver cathodes.l They were filled with the CH3I at
a partial pressure of around 10 microns, and with methene at 76 cm. The count-
ing was done in the proportional region on both voltage and gain p%ateaus.
Preliminary experiments showed that the counting efficiency for Co 0 gamma,
rays decreased when the partial pressure of CH3I was larger than about 40
microns, In the first run, two gold cathode counters and one silver counter
were used. .In the latter, 8% of the counting rate remeined after the counter
had been pumped out and filled with pure methane, but 26% and 100% of the
counting rate remained with gold cathode counters. In the second run, e single
silver cathode counter was used which had previously been exposed to inactive
CH3I. In this case, a maximum of 2% of the counting rate remsined after pump-
ing out.

The iodine analyses were done as follows: An aliquot of the CHyI was
condensed into a small bulb containing about 20 mg sodium metal; thiE bulb
was heated to 210° to form Nal, which was then added to a solution contain-
ing 10 ug/ml of PaA**, The resulting solution was placed in a Cary spectro-
photometer, and the height of the absorption peak at 3700 & vas measured.
The reference cell contained the identicel emount of PdtT as the cell con-
taining the iodide sample. This is a modification of the method of R.B.
Krauss,

The isotopic abundances were determined by comparing the It peaks at
masses 127 and 129 in a 60° Nier-type mass spectrometer,

Tentative results are given in the accompanying table. The analyses for
total iodine are accurate to sbout 110 wg, In run I, 26%, 8%, and 100% of
the counting rate remained after pumping out the counters for samples 1, 2,
and 3, respectively. In run II, nearly all of the activity could be pumped
out, However, this memory effect cannot account for the large discrepancy
between the two runs, because a sample on the wall of a counter will count
with a lower efficiency than the same sample in the gas, which would lead to
& longer apparent half-life in the case of wall aedsorption.

Tentative Results
Observed | Disintegration | Total Weight
Abundance | Counting | Rate Corr., to of T%
Run | Semple| of 1129 Rate Total Sample Todine (years)
1 660 c/m 263 d/s 242 ug 8.6 x 10°
I 2 9.02% 312 105 106 9.5 x 1o6
3 127 k9 38 T.4 x 10
1 641 218 376 1h.3 x 108
L 7.98 173 59 119 16.8 x 100

1y, Bernstein and R. Bellentine, Rev. Sci. Inst. 21, 158 (1950)
F.D. Snell and C.T. Snell, Colorimetric Methods of Analysis, Vol., I. D. Van
Nostrand Co., New York, 1936. p.56h4
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When solid samples of PdI» (1 mg/cm?) were counted in a "Nucleometer,"
the assumption of 50% geometry and 20% backscattering correction led to half-
life values of 39 x 10° and 30 x 10° years for runs I and II, respectively.
The reason for the disagreement in results between the two sets of gaseous
samples is being investigated. Parker and coworkers3 have reported a half-
life of 20-40 million years from meassurements of solid samples.

3G.W. Parker, G.E. Creek, T.M. Herbert, P.M. Lantz, and W.J. Martin, ORNL 286

THE GENETIC RELATIONSHIP IN Agti©

J.A. Miskel

Recent studies® of the radiations emitted by Agllo have indicated that
the 270-d activity is due to a level isomeric with the 2U-sec ground state.
This genetic relationship has heen con-
firmed by the separation of a_short-lived
activity from a sample of Agllo obtained
from Oak Ridge.

The separation was effected by col-
lection of activity on copper electrodes
immersed in an ether solutlon of silver

tetraphenylporphin.* Two copper elec-
trodes separated by about 3 mm were im-
mersed in the solution, and a potential
difference of 600 v was applied, After
about 3 min, one of the electrodes was
removed, washed with ether, and then
counted with an end-window G-M tube.
The G-M tube was connected to an Auto-
scaler and a Brush recording oscillo-
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graph. The sample was followed to con-
stant background (3-4 min after separa-
tion). The accompanying figure shows a
plot vs, t of the logarithm of the
total number of counts above the con-
stant background observed between t=t
and t=w (3 min), The background,
which accounted for about 80% of the
total counting rate at t=0, was due
principally to the 270-4 activity.
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Decay curve for short-lived
AgllO activity between t= t
and t =00 vs. t.

Ik, Siegbahn, Phys. Rev, 77, 233 (1950); M. Goldhaber and A. Sunyar, private
communication

*Je are indebted to Professor G.D. Dorough of Washington University for
supplying the tetraphenylporphin used in the preparation of the silver
compound., '
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Repeated experiments gave half-lives between 21 and 30 sec. A typlcal curve
is shown in the figure. The time between the removal of the electrode from
the active solution and the start of counting was about 12 sec.

Separation occurred at both the anode and cathode with about equal effi-
ciency, although the background was generally lower on the anode. Separation
was also obtalned when a copper electrode was immersed in the solution with
no potential applied, but the separation was not as clean. No separation was
observed when an uncharged platinum electrode was introduced.

The complexity of the Agllo decay makes a determination of the separation
factor difficult. A direct comparison of the ratio of the counting rates
(observed with & 3.5 mg/cm® counter window) of the separated 2h-sec activity
and the 270-d activity in solution gave an efficiency of about 25%, using
Siegbahn's estimate of 3% for the intensity of the 2k-sec branch,

It is probable that the silver tetraphenylporphin can be used for pre-
paring high-specific-activity samples of 270-4 silver by a Szilard-Chalmers
process. ;



REACTOR SCIENCE AND ENGINEERING DEPARTMENT

Theoretical Group

The study of the systematics of even-even alpha emitters which was dis-
cussed in the last progress report has been completed; a full scale report
has been prepared, an abstract of which follows:

Empirical relationships are found, of the form:
log A = a + b/fv, Z constant,
for values of Z = 84, 86, 88, 90, 92, and 94%. The Geiger-Nuttall rule ap-
plies, in this form, to the even-even isotopes of a given element, with the
exception of some isotopes of polonium and emanation. The exceptional prop=-

erties of the latter isotopes are probably explainable in terms of shells in
nuclear structure. Relationships of the form

log A = A + B/v, (A-2Z constant)
are found for members of differert radioactive series, and are related to the
disintegration schemes of the thorium and uranium families. Further empiri-
cal relationships are found betwsen alpha disintegration energy and the neu-
tron excess, and between the disintegration constant and the neutron excess.

Values of the radii and "internal potentials" are calculated from the
rigorous form of the Gamow-Condon-Gurney theory. The radii of the "normal"
even-even alpha emitters can be represented by:

Ty = 1.57 Al/3 x 10-13 cm,

while the "internmal potential," U, can be represented by:
E-U = 0.52 Mev,

where E 1is the total alpha disintegration energy.

The empirical relations log A = a + bévﬁ Z constant are_ compared with
theory. The values of the half-lives of Th 2 ) Raeao, and Em216 are predicted.

(I. Kaplan)

Electron Capture in Kl‘O

A 17.8-mg sample of KNO3 enriched to 7.13% in Kuo, obtained from Oak
Ridge, is being used to study the electron capture process in K O, an X-ray
spectrometer* detects the soft X-rays resulting from the electron capture.

¥, Bernstein, H.G. Brewer, Jr., and W. Rubinson, Nucleonics 6, 39 (1950).
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The problem of reducing the background due to the presence of the beta
particles from K 0 (60 times as many betas as X-rays) has disclosed some in-
teresting characteristics of this type of spectrometer. Since the betas
lose only part of their energy in the counter, ard the specific ionization
for high energy electrons varies only slowly with energy, the betas give a
broad peak on a pulse height vs. energy curve at some pulse height region
determined by the type of gas and the pressure in the counter. By a suitable
choice of the gas and the pressure, the background peak of the betas can be
shifted out of the region of interest of the X-ray peak. The optimum filling
for the K40 case (argon X-rays) from the preliminary experiments is krypton
with 10% methane at slightly less than atmospheric pressure. The resolution
of the instrument under these conditions is 20-25%.

The data show consistently the presence of argon X-rays from the glo
sample, as two previous investigations seem to indicate.**

Final results on this work will be reported in the near future.

(L.B, Borst, J.J. Floyd, V.L. Sailor)

Radioisotope Development

The Hot Laboratory Operations Group has had under investigation for some
time the problem of making short-lived iodine isotopes availgble for medical
and biological use at the Laboratory. This work was concentrated rather early
into developing a "milking" genmerator for I+32, The basic requirements were:
a safe, easily handled, transportable container for the Tel32 and the other
active and inactive fission product telluriums; and a liguid system from which
iodine can be recovered from selenium and tellurium and their compounds. The
design of the "milking" generator is substantially complete. Testing of LiCl
and other chloride admixtures have shown these to be satisfactory for iodine
recovery, with little or no tellurium carry-over. The iodine recovery is
lower than might be expected (~25%) but further study has shown this to be
characteristic of the degree of oxidation resulting from dissolution of the
uranium. A sample of uranium foil has been sent to Oak Ridge for irradiation.

(L.G. Stang, Jr., W.F. Charlesworth, W.D. Tucker)

Waste Concentration

During the last quarter, the Waste Concentration Group has been involved
in the following tasks:
1. Experimental process development (pilot plant)

2. Process design and evaluation
3. Compressive distillation project (semi-works)

*¥F ,C., Thompson and S. Rowlands, Nature 152, 103 (1943); E. Bleuler and
M. Gabriel, Helv. Phys. Acta. 20, 67 (19L7).
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The development of the filtration and the total condensation process for
the reduction of large volumes of slightly contaminated wastes is described
in reports BNL I-10, BNL 49(T-16), and BNL 59(C-12). These processes involve
evaporative concentration with a high degree of de-entrainment. Studies to
date have been made on the effects of the major variables. The results, as
recorded in the above reports, indicate that a decontamination factor of 10
from feed to product can be achieved with a concentration factor of 100 from
feed to concentrate.

Preliminary designs of the full-scale low level waste concentrating
plant were made, based on both the filtration and the total condensation
processes. This information and sufficient additional information to com-
Pletely outline the scope of the final detail design were incorporated in a
brochure entitled "Technical Information on Waste Concentrating Plant,"

B. Manowitz, April 12, 1950.

In conjunction with the preliminary design studies, an economic evalua-
tion of the waste concentration project was made and reported in BNL 59(C-12),
and in a report entitled "Economics of Liquid Waste Disposal," B. Manowitz.
The above studies indicate 1) that a considerable risk was involved in ex-
trapolating from pilot plant data to full plant scale, and that a semi-works
program was in order; 2) that compressive distillation showed economic advan-
tages over standard evaporative methods for conditions at this site.

(B. Manowitz, R.H. Bretton)

Meteorology

General

Members of the Meteorology Group have devoted the past three months to
the revision of both facilities and procedures in order to meke the most
effective use of available data in the meteorological control program. The
largest number of changes have involved the relocation and recalibration of
tower and oil-fog instruments, but the calculation of a new set of radiation
dose-rate templates is the most significant accomplishment from the point of
view of reactor operations.

Instrumentation

The 410' tower has been completely equipped with Aerovanes, and the 160°
tower with Gurley instruments. This insures uniform measurements through the
height traversed by each tower. Calibration of the wind instruments is now
being accomplished in situ with a synchronous motor geared to simulate a ser-
ies of wind speeds from 2.4 to 38 m/sec.

The Ieeds and Northrup temperature instrumentation has been found to be
excellent for our purposes. However, the double-cylinder aluminum housings
for the thermohms were extremely difficult to disassemble; they have been
replaced by a new design. Calibration of the thermohms has also been sub-
stantially improved. A water bath technique is now used, and it is possible
to attain sufficiently stable water temperatures to make the difference in
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lag between the thermohms and mercurial thermometers of no consequence.

Continuous recordings of vertical, as well as horizontal, wind gusti-
ness at the 355' level on Ace tower have been obtained from a Laboratory-
designed bivane since February, 1950. Prior to installation, this equipment
was tested at the low speed wind tunnel of the College of Engineering, New
York University. The natural period of the vane, in both the vertical and
the horizontal, is 40 sec at a wind speed of 1 ft/sec. The bivane, although
experimental, has proved to be very durable; it is believed that few altera-
tions will be necessary.

The cascade impactor, described in BNL 48, has been calibrated for use
with the oil-fog smoke. Four jets are used, ranging from 6.444 to 0.841 mm®.
Sonic velocity 1s reached in the final stage. A number of samples of oil-
fog smoke have been taken, and methods of analysis have been investigated
with the assistance of the Biology Department and the Photography and Graphic
Arts Group.

(D.A. Mazzarella)

Analysis

The most important improvement in the meteorological control scheme has
been the revision and extension of the mathematical basis of the dose-rate
templates described in BNL 48. These templates, which are used to convert
meteorological data to ground-level radiation dose-rate values, are neces-
sarily based on not only the oil<«fog tests, but also on a number of assump-
tions that camnot be verified prior to reactor operations. It has been pos~
sible, however, to revise and extend the mathematical treatment, and to
refine some of the approximations so that the accuracy is believed to be
significantly improved.

The initial rise of the effluent plume above the stack, hitherto neg-
lected, has been taken into account by means of an "effective stack height"
parameter for both inversion and lapse conditions. This rise of the plume
has been investigated experimentally in a number of wind-tunnel tests, but
no full-scale tests are reported in the available literature. There is
general agreement, however, that the principal parameter of consequence is
the ratio of stack exit velocity to horizontal wind speed. The buoyancy is
of less significance, except under nearly calm conditions.

In the new dose-rate templates, a more exact model of turbulent diffu-
sion has been used to calculate the dose-rate under lapse conditions when
vertical diffusion occurs, and the beta contribution has been properly ac-
counted for. The diffusion equation for a continuous point source developed
by 0.G. Sutton, is the model from which the ground-level dose-rate has been
calculated. The oil-fog tests have shown that this equation can be adapted
for use in the Laboratory reactor control scheme. It is not certain, however,
that the method of adaptation used would be suitable for other localities.

(P.H. Lowry)
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Forecasting

The forecast program has also undergone a significant change in the
sense that the emphasis has been placed on complete stability of the system,
rather than development. This has provided an opportunity for intensive
practice in the day-to-day situations that will confront the forecasters
when the reactor reaches full power. Both scientists and technicians have
participated in the practice sessions routinely, and all are now well versed
in the technique.

For the first time data are available that give a direct indication of
the accuracy of forecasts in terms of reactor operations. Between January
and June, 1950, the practice operational forecasts calling for restriction
of operations 24 hours in advance were accurate in T5% of the cases, whereas
the micrometeorological forecasts made in the preceding six months were cor-
rect in only 60% of all cases.

(M.E. Smith)

Cooperative Projects

Cooperative research programs with the Natlonal Advisory Committee for
Aeronautics and with New York University have been approved and are now in
operation. The NACA project is concerned with the correlation of meteorolog-
ical measurements of turbulence with those obtained from aircraft in flight;
the New York University program is concerned with the comparison of wind
tunnel tests and natural atmospheric dispersion.

Geology

Work has continued on driven wells to determine the geologic environ-
ment as it affects and controls the movement of the ground water in this
area. Until the genesis of the formations is better known, the limited data
available from the present net of observation wells cannot provide a satis-
factorily definitive pilcture of the movement of the ground water. The
mechanical analysis of the cores from one of the deep wells is nearly fin-
ished. The data obtained will shed some light on the origin of the Creta-
ceous formations. Samples furnished to Harvard University for the study of
the plant spores will provide additional data. The study of microfossils
of the Gardiners clay is completed; a report on it is being written.

(W. de Laguna, L. Hesl, L. Weiss)



BIOLOGY DEPARTMENT

Biological Effects of Radiation

Cooperative Experiments

Tradescantia, exposed for long periods of time in the gamma field, pro-
duces interesting morphological deviations from the normal type. J. Gunkel
of Rutgers University, in cooperation with A.H. Sparrow of the Biology Depart-
ment, is studying the mechanisms of the developmental abnormelities in irra-
diated Tradescentis by a comparison of normal and abnormal material.

W.R. Singleton is also growing material for cooperative projects with
several groups of investigators. It appears that continuous radiation of
the growing plant may be more effective in producing interesting mutations.
It is also possible that some selective action will take place, because, at
their most sensitive stage, the germ cells appear to be more sensitive than
the somatic cells, as evidenced by the almost normal growth of the plant as
a whole at comparable exposures. The accompanying table lists the various
projects under way.

The projects listed in the table are primarily pilot experiments, and
are being carried out on an entirely informal basis.

Trillium

Because of the variability in the chromosomal properties of Trillium
erectum obtained from commercial sources, it has been decided to start grow-
ing this plant on the Laboratory site. Some 1,000 plants have been set out
in the woods; they should provide, in time, a source of clonal lines for some
of the future experiments. The last of the material irradiated this year is
being prepared for cytological examination; analyzing of this material is
under way. The studies cited are necessary for the analysis of the radiated
material; they furnish, for the first time, the range and types of chromosome
abnormalities seen in control material, and thus furnish a sound basis for
the evaluation of the radiation effect on the chromosomes of Trillium erectum.%

(A.H. Sparrow)

Potatoes

Tubers irradiated by fast neutrons from the Oak Ridge reactor are now
growing on the site. It appears at this time that 1200 rep of fast neutrons
is the approximate lethal dose to potatoes, for as yet none of the tubers
receiving this dose has produced plants showing above ground. As was expected,

*""Spontaneous chromosome fragmentation in Trillium erectum L.," R.C. Sparrow
and A.H. Sparrow; "Supernumerary chromosomes in diploid and triploid Trillium
erectum L.," A.H. Sparrow and V. Pond. Both submitted for publication in
Genetics.,
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Cooperative Projects with W.R. Singleton Under Way on the Effects of

Continuous Gamma Irradiation on Mutations and Physiology of Growing Plants

Material

Investigator

Desired Change, or
Purpose of Experiment

1. Nicotiana rustica

2. Pearl millet

3. Lespedeza dericea

L. Barley

5. Cos lettuce
Cowpess

6. Nicotiana rustica

7. Corn

£.G. Beinhart
U.S. Regional Lab.,
Philadelphia, Pa.

Glenn W. Burton
Gensticist, Georgia
Costal Plain Expt.
Station, Tifton, Ga.

M.M. Msyers
Hd. Agronomist, Div.
Forage Crops & Dis-
sases, Beltsville,
Ma.

D.W. Robertson
Hd., Agronomy Dept.,
Colo. Expt. Sta.,
Ft. Collins, Colo.

Lyle T. Alexander
Principal Soil Sci-
entist, U.S.D.A.,
Beltsville, Md.

F.G. Gustafson
Hd., Botany Dept.,
Univ. of Michigan,
Ann Arbor, Mich.

L.J. Stadler
Geneticist,
U.S.D.A. and Univ.
of Missouri

Higher nicotine content.
Fewer suckers on plants.

Shorter lines of millet
similar to reduced corn.

Lower tannin content to
make it more palatable
to cattle.

Changes in genes con-
trolling chlorophyll
production.

Physiological study on
the effects of gamma

rays.

Assay vitamin contents
of leaves of irradiated
plants.

Determine mutation rates
induced by gamme rays in
a stock of known low
mutation rate.
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the lethal dose for neutrons was lower than for X-rays or gamma rays. In
confirmation of last year's experiments, the percentage seed germination
from tubers which had received 300 r of X-radiation was significantly in-
creased. More work on this effect is under way to obtain the dosage depend-
ence of this effect.*

A few high yielding potato plants were obtained last year from tubers
irradiated in 1948. These and samples of the control material have been
turned over to the Long Island Vegetable Research Farm for further testing.
Some seedlings from irradiated stock have been given to F.J. Stevenson of the
U.S.D.A. for further study.

(A.H. Sparrow)

Cytochemistry

The Feulgen reaction is being examined critically to ascertain its quan-
titative validity in cytological material. The adsorption of the dye in the
fixed nucleus is being examined in cooperation with S. Freed, K. Sancler, and
M. Slavin of the Chemistry Department. Two distinct peaks in the light ab-
sorption have been found in the fixed nucleus, that is, a resolution of these
maxima has been brought about in the cell that is only suggested in solution.
This effect is unique; it has not been reported previously, but gives rise
to interesting speculations concerning the state of nucleic acids in the
nucleus. Using a microscope spectrograph arrangement, together with combina-
tions of reflecting and quartz optics, ultraviolet adsorption curves of the
unstained fixed nuclei have been obtained. While the results are in general
agreement with those of Caspersson, the new method should aid greatly in the
cytochemical studies of cells.

It has been found that 20,000 r (sufficient to depolymerize nucleohistone
in solution) does not give visible evidence of depolymerization of DNA in
elther the living or the fixed cells from anthers of the Trillium plant.
However, faster hydrolysis of the fixed material with N HC1l at 60°C resulted
from irradiation. There was no effect on the hydrolysis of the material in
the irradiated living cell. These differences in properties are not under-
stood; and are being studied further.

(M.J. Moses)

Corn

In last summer's experiment on the genetic effects of continuous gamma
irradiation in corn, high mutation rates were found when pollen from one ir-
radiated genetic stock, A B PL R Pr Su Wx Y Sh (BNL-1), was placed on another
genetic stock, A b pl r pr Su/su wx sh (BNL-2), in an unirradiated field.
These high rates could have been due to one of the following: 1) An inherent

*"Effects of X-ray, neutron, end chronic gamms irradistion on growth mnd yisld
of potatoes,” A.H. Sparrow and E. Christensen. Submitted for publication in
American Journal of Botany.




high mutation rate in the particular stock used; 2) a higher mutation rate
in the microspore as compared to the megaspore stage (most of the spontan-
eous rates gavé been worked out on the megaspore); 3) the gamma radiation
from the Co®0 source. Possibly all three factors contributed to the unex-
pectedly high results. This year, the experiments are designed to determine
the contribution of each of the factors to the observed mutation rate; suffi-
cient plants are being exposed so that some two to three million seeds can
be examined. As part of the radiation experiments, two control plots are
being grown in unirradiated areas. Each is a crossing plot, one using BWL-1
as the seed stock and BNL-2 as the pollinator, the other using the same two
stocks to make reciprocal pollinations. This experiment should establish
the mutation rate of BNL-1 in both micro- and megaspore.

In another experiment, an attempt is being made to determine genetically
vhether irradietion produced mutations are gene changes or are due to chromo-
some deletions. Pollen of a dominant stock C Sh Wx from the gamma field
will be placed on a recessive c¢ sh wx; the frequency of loss of ¢, sh, and
WX, both singly and in combination, will be determined. The amount of cross-
ing over between C and Sh is 3.3%, and between C and Wx 1is 26%. If
losses of C are chromosomal losses, then Sh would be affected more than
Wx. If the losses of C are due to gene changes, there should be no effect
on Wx and Sh crossover frequencies.

One of the interesting lines of corn under study appears to have the
properties of an ancestor of the modern corn plant. Attempts to mutate the
gene producing the profound change in morphology by radioactive phosphorus
or by gamma rays have been unsuccessful .¥

Material is also being grown to determine how frequently a gene mutation
which shortens the height of the corn plant can be obtained by radiation.
Such a mutation has appeared once (spontaneously) in a sweet corn line, and
has now been incorporated into six field corn inbreds for meking short hy-
brids (about 6' tall), Preliminary indications show this type of corn to
have a higher grain-to-stalk ratio and to be more efficient in the use of
fertilizer than normal tall corn. If this change can be induced by gamma
radiation, it would greatly speed up the incorporation of the short gene into
the numerous hybrids of interest. To test this possibility, an early inbred
Minn A 158 is being grown in the gamma field, and the pollen is being trans-
ferred to short plants in control plots. As further controls, pollen from
short plants is being used on the Minn A 158. The results should give some
indication of frequency of this type of mutation with gamma rays (W.R. Single-

ton).

Work is comtinuing on the use of triphenyltetrazolium chloride (TPTZ)
as a redox dye to indicate the viability of seed. Preliminary results indi-
cate that, in contrast to the successful application of this dye to test
heat and cold inactivation of seed, X-ray inactivation cannot be detected
by this means. In one experiment, corn seeds were soaked overnight and ex-
posed to 15,000 r. Visual tests were positive for viabllity, and the inten-

*"Corn grass, a dominant monogenic spontansous mutant, and its possible sig-
nificance as an ancestral type of corn," W.R. Singleton. Submitted for
publication in Genetics.
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51ty of stalning in the irradiated seeds was as great as given by unirradia-
ted seeds, despite the fact that the irradiation produced a 65% decrease in
growth rate. Since TPTZ is a redox dye, it is evident that X-rays damage
the growth potential of the seeds without damage to the enzyme systems pro-
ducing color with the dye. Doses as high as 30,000 r are without effect on
the succinic dehydrogenase activity of the seeds (R. Van Reen, M. Koester).

Indications of a negative potassium balance in rats after X-irradiation
led to a study of nitrogen excretion, since this excretion would be expected
to increase if the potassium were coming from demaged cells. The initial
experiments done on animals fed ad lib after irradiation gave nitrogen re-
tention. Since this retention might be due to some masking of the irradia-
tion effect in the fed animals, the experiments have been repeated in ir-
radiated fasted rats. These animals eliminate between 25 and 55% nmore
nitrogen then do fasted controls, To check whether the water and electrolyte
disturbances following irradiation were due to a post irradiation bacteremis,
aureomycine has been administered to the experimental animals with their
food. It has been found that aureomycine does not affect the diuresis or
polydipsia following irradiation, although the control animals who had the
aureomycin without irradiation showed an increase in water intake, starting
about the third day, which appeared to be correlated with a mild diarrhea.

(A. Edelmann)

E. coli

Control experiments have been completed on the effects of X-rays on
the growth and mutation frequency produced in E. coli. Growth was appar-
ently normal and complete up to 50,000 r (5,000 r?hr;. Although the phos-
phorus concentration of the media was varied tenfold, no effect of phospho-
rus was found on the mutation frequency. This experiment provided the re-
quired control for the experiments on internal radjation -- in which the
variation of total phosphorus greatly changes mutation frequency -- since
it alters the concentration of internal radioactive phosphorus. The evi-
dence is now complete that internal radiation from P 2 i1s a more effective
agent for producing mutations than external radiation, probably because of
a "transmutation effect." A second conclusion from this experiment is that
growing bacterial cells are relatively more resistant to rediation than
resting cells, while in higher organisms just the reverse appears to be
true.

A study of the appearance of mutants emphasizes the importance of pheno-
typic lag in bacterial genetics. It often took as many as three generations
before the total mutation effect was expressed; the initial distribution of
mutants was quite different from that obtained later.

Variations in the media have made it possible to get uniform growth
over & much wider range of phosphorus concentrations, thus making it pos-
sible to grow E. coli in the presence of very intense radiation (100 to 200
rep/min). These technigues make it possible to get a quantitative evaluation
of "phosphorus recoil” as a mutagenic agent.
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The streptomycin requirements of the mutated organisms have been studied.
It has been found that the streptomycin-requiring mutants do not produce any
change in the streptomycin titers of the solution, that the growth stimulating
function of streptomycin remains after its antibiotic activity has been
destroyed.*

(B.A. Rubin)

Fibrinogen

With the help of A.0. Allen of the Chemistry Department, bovine fibri-
nogen has been irradiated with 2-Mev X-rays obtained from the Chemistry Van
de Graaff machine. Preliminary results indicate that doses of 200,000 r
produce a marked increase in the viscosity of the irradiated solutions. In
the ultracentrifuge, significant amounts of en additional component of a
higher sedimentation constant are found, together with marked destruction
of the main component. Simultaneous studies of the thrombin-induced clotta-
bility of these solutions indicate that clotting activity is not significant-
ly decreased, despite evidence for s marked change in the structure of the
native fibrinogen. The character of the clots does change, however; the
clots formed from the solutions given the greatest radiation are compact
and break up with mechanical agitation, while those formed with the original
solutions exhibit normal syneretic properties.

(A.H. Scheraga, L.F. Nims)

Tracer Studies of Biochemical Problems

Phosphorus

The study of the effect of alloxan-induced diabetes on the turnover
rates of the acid-soluble P compounds of the liver has continued. The ad-
ditional data obtained indicate that there is a marked difference in the
character of the specific activity-time course of the glucose-l-phosphate
from that found in normal animals of the same strain.

A study of the fate of radiocactive phosphate injected into the cere-
brospinal fluid via the cisterna magna has been initiated. The uptake of
the tracer by the inorganic phosphate, phosphocreatine, and adenosine tri-
phosphate of the brain, the time-course of the distribution in the plasma,
and the uptake by the muscles in animals inJjected by this route have been
compared with the distribution of intravenously injected material given in
the same dose. The time-course of the P32 concentration in the plasma was
followed fork hr after the injection, after which the muscle and brain were
frozen in situ and analyzed. The experiments were carried out on cats.

It was found that there is a very rapid exchange of the tracer between

*"The nature of streptomycin requirement and its effects on the genetics of
streptomycin resistance in E. coli,” B.A. Rubin. Submitted for publication

in Genetics.
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the organic P compounds within the brain cells and that present in the cere-
brospinal fluid. The evidence is that isotopic equilibrium between these
two locations is reached within the period of the observatiouns.

When the tracer is injected intravenously, the amount eppearing in the
brain is very much less. The specific activity of the phosphocreatine and
ATP of the brain of the animals receiving the intracisternal injection was
from 10 to almost 100 times as high as in the brains of the animals in which
the tracer was injected intravenously. Since it is well known that the
blood-brain barrier represented by the capillaries within the central ner-
vous system is impermeable to anions, the present results signify that the
rate of secretion of phosphate into the cerebrospinal fluid is low. Conse-
guently, it must be assumed that the rate of formation of the fluid is
rather low. This finding is in marked contrast to results obtained else-
where. The concentration of isotope in plasma and cerebrospinal fluid
approached isotopic equilibrium rapidly. In these experiments, a needle
was inserted into the cisterna magna and the cerebrospinal fluid allowed
to drain from this. The inference is that, under these conditions, the
rate of secretion of the fluid is quite high. Hence, it appears that drain-
ing off this fluid acts as a stimulus to its secretion, and that normally
it is formed and absorbed at a low rate.

The specific activity of the phosphocreatine and ATP of the muscles
of the animals injected intravenously was found to be about 2-1/2 times as
high as the specific activity of these compounds in the muscles of the ani-
mals which received the tracer by intracisternal injection. Taking the ratio
of these values as a measure of the relative availability of the tracer to
the muscles under the two conditions, the indications are that about 2/5 of
the amount inJjected into the cerebrospinal fluid was absorbed into the gen-
eral circulation during the 4 hr after the injection.

These results are of value in showing the experimental conditions that
must be observed for further tracer experiments on the formetion and absorp-
tion of the cerebrospinal fluid. It is essential that the experiments be
done on animals large enough that the removal of small amounts of cerebro-
spinal fluid will not reduce the volume thereof remaining to the point where
the reduction acts as a stimulus to the secretion.

In the animals injected intravenously, the specific activity of the
phosphocreatine and ATP of the brain was generally higher than that of these
compounds in the muscles. This observation indicates that the muscles are
unique among the active tissues of the body in the extremely slow rate of
transport of phosphate across their cell membranes.

(J. Sacks, G.G. Culbreth)

Iron

Following incubation of radiocactive iron, as the citrate, with duck
blood, hemin of constant specific activity has been obtained. Since some
radioactivity attaches to recrystallized hemin prepared from blood immed-
iately after mixing with the radiocactive iron, it is still not clear that
the incorporation of iron is a cellular process. Other than cyanide, none
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of the enzyme inhibitors or substrates tested affect the transfer of added
iron from plasma to cells.

The study of the blood volumes in the rat by the tagged cell method
has been completed, and the results have been submitted for publication.*
The values obtained by this method, 4.98 ml/100 gm body weight, are con-
firmed by others and by an independent method involving hemoglobin extrac-
tion. This is considerably lower than the mean value of 7 obtained by the
dye injection method (L.M. Sharpe, J.R. Klein).

The sensitivity of bone marrow to whole-body X-radiation is being
tested by injecting Fe?> in rats 24 hr after irradiation, and determining
the rate at which tagged hemoglobin appears in the red cells. If the test
proves successful, studies of the sensitivity of the bone marrow to injected
P32 and Na24 will be made (L.M. Sharpe).

Carbon

Radioactive carbon administered to eviscerated cats as bicarbonate has
been found in carbons 3 and 4 of the glycogen of skeletal muscle. The label-
ing suggests processes in muscle similar to those biochemical processes al-
ready demonstrated in liver for the fixation of carbon dioxide in glycogen.
Glycogen from the brain and heart of the cats was radicactive, but the quan-
tities and activities did not permit location of the active carbon (J.R. Klein).

In collaboration with D.D, Van Slyke and J.A. Plazin of the Medical De-
partment, the classical Van Slyke method of wet combustion of organic ﬁom-
pounds for carbon analysis has been adapted to the determination of C
specific activity. The crucial point in this adaptation was the possibility
that the manometric machine in which the evolved €O, is measured would be-
come contaminated with Ccl¥ activity and would thus increase the counting
rates of a subsequent less active sample. This has been proved not to occur,
even though no decontamination procedure is followed other than the usual
water washing of the manometric chamber between combustions. A sample count-
ing 50,000 cpm followed by a 012 sample contributed no detectable activity
to the cl sample, although an increase of 10 cpm over background would have
been noticesble.

Two separate methods of counting the activity have been developed. In
the first method, the CO, gas is drawn from the manometric chamber through
the cup opening into Ba(OH) -BaCl,, and the precipitated BaCO3 is filtered
on a sintered glass disk and counted in the methane flow counter. The
second method employs the gas-phase counting technique developed at the
Leboratory by Bernstein and Ballentine; it is calculated to be about 30 times
as sensitive as the BaCO, counting technique when a sample of COp is avail-
able which gives an infihite thickness sample of BaCO3 on the disks. Publi-
cation of this work in the near future is anticipated.

*"The blood and packed cell volume of the adult rat as measured by tagged
cells,"” L.M. Sharpe, G.G. Culbreth, and J.R. Klein. Submitted for publi-
cation in Proceedings of the Society for Experimental Biology and Medicine.
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Analysis of the tissues of the mice fed cl¥ sucrose is continuing with
the assistance of K. Kiyono; ebout half of the mice have so far been can-
vassed, but a statement of the results obtalned is reserved until the whole

group has been completed.

Work was recently begun on the metabolism of uniformly-labeled Clu as-
corbic acid in mice, in collaboration with M. Gibbs, D.D. Van Siyke, J.A.
Plazin, A. Edelmann, and R, Healey. A micromodification of the Roe method
for ascorbic acid has been developed in connection with the measurement of
the small amounts of ascorbic acid expected in eluates of mouse urine chroma-
tograms, About 1 mg (ascorbic acid colorimetric equivalent) of a material
giving the sscorbic acid color in the stendard Roe method is excreted per
2k hr by the mouse when kept on an ascorbic acid free dist. This material
is not found on butanol chromatograms of mouse urine at the locations expec-
ted for either ascorbic or dehydroascorbic acid. Added ascorbic acild can be
recovered (76%) after butanol chromstography and elution, but added dehydro-
ascorbic (I, oxidized ascorbic) has not proven recoverable at the location
reported by Partridge by AgN83-NH3 spray test and confirmed here by the same
test. Radioautographs of cl dehydroascorbic acid (I2 oxidized C1* ascorbic
acid) after butanol or phenol chromatogrephy indicate no clear-cut location
for a dehydroascorbic acid band. Thus, the question as to whether the chromo-
genlc material in mouse urine is dehydroascorbic acid requires further inves-
tigation; however, it is certain that this material is not ascorbic acid.

The ultimate purpose of these researches is to produce a method for
determining the spec&fic activity of urinary ascorbic acid following the
administration of Cl* ascorbic acid to the mouse. This would measure the
pool of ascorbic acid into which the administered material had fallen, and
would allow a calculation of the total amount of ascorbic acid oxidized by
the mouse by measurement of total respiratory CO, activity.

(R. steele)

Blosynthesis

The fungus Rhizopus oryzae fixes 01“02 into lectic acid; the labeled
carbon appears exclusivgly in the carboxyl carbon of lactic acid. Similar-
ly, when glucose 3,h-cl was fermented, all of the label was in the expected
position and nons in the beta carbon of the lactic acid. Previous studies
on & homofermentative lactic acid bacterium has demonstrated that during
fermentation tagged carbon did appear in the beta carbon of lactic acid. It
is now evident that the fungus Rhizopus oryzae does not have the biochemical
mechanisms for shifting activity from carbon atoms 3 and 4 of glucose to the
beta carbon of lactic acid.*

The study of the photosynthetic reactions of the alga Scenedesmus has
shown that sucrose is the only tagged free sugar produced by this organism
when incubated in the presence of cl 0o up to 4 min in strong light, 5 min

*"0n the mechaniﬁm of lactic acid synthesis by the fungus Rhizopus oryzae
studied with Cl ;" R. Gastel and M. Gibbs. Submitted for publication in

the American Journal of Botany.
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in wesk light, and 27 hr in the dark., In strong light, labeled carbon atoms
appeared in all positions of alanine and malic acid. In slanine, most of the
tagging was present in the carboxyl carbon; the alpha and beta carbons had
equal percentages of labeling. Malic acid was tagged similarly. The sugar
fractions showed activity in all positions, with the highest activity being
present in only the 3 and 4 positions at the end of 1.5 min. At 4 min, the
sugars becams uniformly labeled, with a significant shift in the distribution
of carbon labels in the other compounds examined. In the dark, alanine and
malic acid were labeled only in the carboxyl carbons; the sucrose, dextrin,
and starch had activity only in positions 3 and 4 of the glucose isolated
from these fractions.

In collaboration with A.A. Bothner-By of the Chemiﬁtry Department, it
was found that during the epimerization of glucose-l-cl no rearrangement
was involved. That is, when fructose or mannose are formed from glucose in
the presence of dilute alkali, the carbon chain does not break; there is
only a shift of hydrogen.*

In the course of the last three months, five groups of investigators
have received purified tagged carbohydrates for their experimental programs.
The tagged materials are also being used by members of our own staff.

(M. Gibbs)

Mineral Metabolism

The uptake of lanthanum;ho by hickory trees grown in gravel culture or
50il has been found to be extremely slow. Experiments are under way to find
out whether the rate can be increased by water culture, since there may be
a loss of the isotope to the gravel surfaces in the hydroponic bed.

The Fe’?9 upteke and its displacement by stable iron is being studied by
radiosutographic methods on larvae of Drosophila melanogaster, replata,
willistoni, ananassae, Jjunebuis, and virilis. The completion of the problem
was delayed until a high specific activity Feo9 sample was obtained.

The analytical studles of marine sponges are being continued; spectro-
scopic anslyses are being done with the collaboration of M. Slavin of the
Chemistry Department.

A group of early spring queens of Vespula germanica have been caught.
Somﬁ are being exsmined for manganese distribution; some have been fed Ba-
Lal%0 ana are being studied by counter and autograph for La discrimination.
A small series was fed Fe”9 and autographs were made to decide whether or
not there exists intestinal localization of this element; as for Ba or Mn.

A group of Drosophila repleta larvae have been fed Ba—LalhO. The up-
take and distribution have been followed by radioautographs and with count-
ing. Decay curves of a number of specimens have been made to reveal Ba and

*"The epimerization of glucose—l-clu," A.A. Bothner-By and M. Gibbs, J.A.C.S.
(in press).
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14 enrichment. No evidence has appeared for the sort of localization in the
intestinal cells which is so striking in Vespideae.

With J. Neess, a post-doctoral AEC Pellow, studies have been continued
on the uptake and transfer of phosphorus, iodine, and iron in typicel fresh
water food chains. A mass of data is being accumulated, mostly still un-
collated., It is of great interest that 1131 uptake by the Cladocera studied
shows a pattern wholly different from that described for insects, and that
iron, often described as a limiting nutrient for phytoplankton, show absol-
utely minimal conservation by both Cladocera and two species of aquatic in-
sect larvae.

(V.T. Bowen)



MEDICAL DEPARTMENT

Division of the Hospital

During the reporting period, work in the hospital has progressed very
satisfactorily. At the end of this quarter, the adult ward had all available
beds occupied. The children's ward was utilizing all the small beds which
have been received. Additional small beds are on order; when they are re-
ceived, the census will be permitted to increase. Approximately one-third of
the patients have carcinoma of the thyroid, and two-thirds have diseases_other
than malignancy. Iodine for treatment and tracers is still limited to 113 s
and will be until the nuclear reactor becomes operative.

(w.N. Miller, L.E. Farr, J.S. Robertson)

Division of Pathology

Influence of Mechanical Injury, Radiation Injury, and Disease States on Body
Protein Stores

Studies of the influence of fractures upon the manufacture_ of new body
protein are now being conducted on dogs. The animals receive N1D-labeled
glycine, either orally or intravenously, as part of measured nitrogen intake,
Determinations are made of the nitrogen balance and of the distribution of N
in the various body tissues. Similar nitrogen studies are being carried out
on dogs fed on protein-free diet. Various control observations are being made.
N1 analyses are made with the Consolidated-Nier isotope-ratio mass spectrom-

eter.

(s.C. Madden, J.A. Fancher, Jr., L.I. Gidez)

Correlation of Histological Structures with Specific Chemical Compounds

This study is being carried out in collaboration with Dr. Jean Oliver and
members of the Department of Pathology of lLong Island College of Medicine.
Certain preliminary phases of the work have been completed, but certain tech-
nical problems remain to be solved before more active work on this study can

be developed.

(S.C. Madden, J.A. Fancher, Jr.)

Division of Bacteriology and Virology

Biological Effects of Radiation (Immunology)

Preliminary observations have been made on the effect of radiation on
viral propagation. The results are interestingly suggestive, but the present
2-curie source has been proved inadequate for this purpose. A larger and
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better-designed source, mentioned below, is being prepared to continue these
experiments.

Limitations of the present cobalt source for irradiation of mice for
immunological studies have also hampered progress on this study. The new
source designed by L. Stang (Reactor Science and Engineering Department),
will be used in the hot lab. It is believed adequate to complete at least
prelinminary observations.

(W.M. Hale)

Homologous Tissue Immunity

Several reported methods of immunizing mice against transplantable tumors
have been tried. Two were found satisfactory for the purposes of the experi-
ments planned, and are being used.

(W.M. Hale)

Tumor Tropism of Viruses

The two viruses are continuing to be serially passaged; one of them
seems to be increasing its virulence for neoplastic tissue, but is not yet
very specific neoplastically.

During this quarter, the Swiss mouse colony which was carrying pleuro-
pneumonia, Thieler's virus, and choriomeningitis virus has been wiped out.
Replacing this colony is another colony, also Swiss, which is "infection-
free." It is now breeding a sufficient number of animals for present experi-
nents.

(W.M. Hale)

Bacterial Metabolism

The transforming substance of the pneumococcus has been subjected to
radiation from cobalt sufficient to destroy its specific biological proper-
ties. By using this substance, mutants have been obtained, but it has not
yet been proven whether these are caused by radiation or are due to spon-
taneous variation.

(R.M. Drew)

Division of Biochemistry

Combined Determination of Total Carbon and Clh

In collaboration with R. Steele of the Biology Department, the mano-
metric wet carbon combination method of Van Slyke and Folch has been modified
so that the total CO, obtained is first measured from the pressure that it
exerts at 10, 2, or 0.5 ml volume, and is then quantitatively transferred
for measurement of radioactivity.
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For the activity measurement, two procedures have been applied:

l. After the 002 pressure is measured, a vessel containing Ba(OH)2
solution is connected with the manometric chamber. The connections are
evacuated, and the (0o is tremsferred to the vessel, where it is precipi-
tated as BaCOy. The precipitation is accelerated by shaking, with a motor,
both the manoletric chamber and the attached vessel with Ba(OH),, so that two
successive shakings of 1.5 min each complete the transfer and precipitation.
The BaCO; is obtained as a uniform precipitate, and is transferred to a disk
which is"applied to a methane flow counter for the activity measurement.

2. The COp, after the pressure is measured, is transferred for activity
measurement to an evacuated gas counter, of the type designed by Ballantine
and Bernstein. The CO, is condensed in an arm of the counter by cooling with
liquid nitrogen. The use of the Ballantine-Bernstein counter with 002 in the
gas form is particularly advantageous for small amounts of C1%; the amount
required for a valld count is estimated to be about 1/30 of that required
when the carbon is in the form of BaCO3.

In combustions of varying amounts of sucrose containing Clh, amounts of
carbon varying from 0.1 to 6.0 mg have shown a linear relation, the ratio of
counts to carbon being within *1.5 per unit of the mean throughout the above
range.

Both of the above procedures are relatively rapid. Combustion and
transfer to either the barium solution or the gas counter can be completed
in about 10 minutes.

(D.D. Van Slyke)

Chemical Anatomy of Body Fluids

A program directed at measuring certain features of water and electrolyte
distribution in nephrotic children is now under way. The experiments which
have been conducted to date have involved the use of Na2 only. The present
data indicate & great range of individual differences among the nephrotic
children, with respect to the time required for equilibration between blood
plasma, ascitic fluid, and edema fluid. The experience gained to date has
shown the need of longer periods of observation than were originally planned.
The design of experiments has been altered to meet the conditions found.
Sodium compartment calculations have shown a larger percentage of body weight
than was anticipated. 1In five nephrotic children, this has ranged from 35 to
47% of the observed body weight; in one convalescent nephrotic child the sodium
compartment comprised 23% of observed body weight. Two adults who were non-
nephrotic had calculated sodium spaces equivalent to 20 and 27% of their ob-
served body weight. The latter figure was surprisingly high, but thus far
no explanation has been found to account for the value. These studies are
continuing and are being expanded in the variety of observations being made.

(J.S. Robertson, W.N. Miller, L.E. Farr)








