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THE ATOMIC BOMB .
By Frad:-Li -Mokler

Undoubtedly the most spectacular of the projects undertaken by the National Bureau
of Standards was the atomic bomb project. The large scope of the project in the pericd
of its developrent and engineering phases, as well as the necessary secrecy associated
with the program, tends to obscure the initial and critical two years during which much
basic research was performed and the major weapon program formulated. It was in this
pericd that the National Bureau of Standards played the key role inm the project, for
shértly after the initial phase was completed, the Manhattan District was established
and the gigantic development and engineering of the weapon began.

During every phase of the project, the Bureau contributed extensively. All of this
work was ‘highly secret -at the time it was done and certain details and phases are still
in the restricted category and cannot be discussed in this report. Work in the field of
atomic energy continues under the sponsorship of the Atemic Energy Commissien, as well
as independently in the broad and growing field of atemic physics. Since the early years
of the century the Bureau had engaged in research in atomic and sub-atomic physics,
particularly in the field of maturally radioactive substances. The existence of this
work and of the staff and fecilities were primary factors in assigning the task of
initiating the atomic project to the Bureau.

INITIATION OF THE PROJECT

The Natiomal Bureau of Standards began its work on the atomic bomb project .in
Octcher 1939 when President Roosevelt itjfifitad its Director, Lyman J. Briggs, as chairmm
of a committae to investigate the possibility of utilizing the atomic fission of wranium
in warfaré. At this time it was not known which of the isotopes of uranium was subjsct
to fission when bombarded with slow neutrons, or hew many meutrons were emitted in the
fission procass. The possibility of establishing a chain reaction remtined to be
demonstrated. Little was known about the chemistry and metallurgy of uranium, Physical
methods for separating the isotopes of uranium had yet to be developed.

The solution of such problems was undertaken by the committee with the enthusiastic
cooperation of leading scientists in this field. The uranium committee recognized the
future possibilities of uranium fission'as o source or power but early decided to
concentrate -its activities on the development-of an atomic bomb. The basic information
gained in this study could later be applied in the development of atecmic power.

Owing to the secrecy imposed on the project, the acquirement of necessary funds
became a problem in itself. The initial experiments Yegun in 1939 were finunced by a
transfer of $6,000 from the Ordnance Department of the Army and the Bureau of Ordnance
of the Navy. This money wus 'used to purchase materials for experiments, by Dr. E, Fermi
at Columbia University, to determine the suitability of graphite as a moderator to slow
down fast neutrons, In 1940, through the cooperation and enthusiastic support of
Rear Adwirgl H. G. Bowen, Director of the Naval Research Laboratory, funds ‘to the extent
of $1008000 were made available to the project at a time when they ware most urgently
needed . . : ;
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These funds were used minly for the study of different methods of separating the
isotopes, Among them was the methed of therml diffusion propesed by P. H. Abelson,
who demonstrated its possibilities in his laboratory at the National Bureau of Standards,
carried it successfully through the pilot plant stage at the Naval Research Laboratory,
and finally saw it culminate in.a great operating installation at the Clinton plant in
Tonnessee. Work was also started at Columbia:University by J. R, Dunning on the
separation of the uranium isotopes by gaseous diffusion -through o porous membrane which
likewise eventually led to the comstruction and operation of an emormous diffusion plant
at Clinton. The development of a centrifugul method for separating the isotcpes was
also undertaken by J. W. Beams at the University of Virginia, which was carried through

"the pilot plant stage with highly satisfactery yialds but was not fimlly selected as a

prodwtion methed.
In June 1840 President Roosevelt established the.MNatienal Defense -Research

. Committee under the direction of Dr. Vanmevar Bush and mide the urgnium committee «

section of NORC, This was a happy solution to the problem of securing the. necessary
funds for a secret project, for it was recegnized at the outset that NDRC would ‘be

" engaged in highly confidential work. At that time the Umnlum (S-1) section was re-

AY

organized as follows: L. J. Briggs {chairmm), G, B, Pg!;rum tvice~chairman), H, C. Urey,
J. W. Beams, M. A, Tuve, R, Gunn, and G. Breit, Additional support was given by NDRC to
the investigations already under way, and new work wad undertaken.

The possibility of establishing a chain reaction was still a mitter of great un-

-certainty, yet upon this the success of the whole project rested. Forty tons of graphite

and seven tons of wranium oxide were supplied to Fermi at Columbia for use in « further
attack on this problem, New projects dealing with the chain reaction were supported at
the Universities of Chicago, California, and Princeton. E. O, Lawrence reported in

May 1941 on experiments at Berkeley which indicated that plutonium (element 84) is

formed from wranium 238 (element 92) by neutron capture followed by two beta-transfor-
mations and that plutenium like uranium 235 ‘undergoes fission when it captures a slow
neutron. This significant discovery held great pessibilities because (1) the abundant
isotope 238 could be utilized, (2) sepuration of the uranium isotopes by physical methcds
was unnecessary, and (3) plutenium could be. sepnmted from the parent mss by chemical

methods .

In July 1841 the membership of the S-l sectior of NDRC was changed somewhat to
provide representation for new activities.. The meetings, as before, were held at the
Natiomal Buregu of Standards and were-attended by Dr. J. B. Conant as Dr, Bush's
representut ive, :

. Up to this time the expenditures for the atomic bomb project bad certainly been
noderate. At a meeting of NDRC on July 18, 1941, Dr. Briggs as chairman of the S-1

‘section reviewed the progress that had been mide and presented the request of his

section for an allotment of -$267,000 with the statement that much larger expenditures
would probably soon be required. This allotment was approved by NORC and the theoretical
and experimental work went forwdrd at an increased tempo, Dr. Briggs also asked

Dr. Bush in tbe spring of 1941.to appoint an independent committee to make an impartial
review of the project and Dr. Bush requested the National Academy of Sciences to under-
take this study and to recommend the level of expenditure at which the investigatiom

should be continued.
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In November 1941 Dr. Bush after reviewing the further advances that hod been made by
the S5-1 section and the recommendations of the Academy committee and after consultation
with the President and his odvisors decided that the time had now come for the "all-ocut”
effort, The project was transferred to CSRD as the S-1 section, which was organized as
follows: L. J. Priggs (chairman)}, G. B. Pegram (vice-chairmm), and J. B, Conunt,

‘A. H. Compton, E. O. Lawrence, and H. C. Urey, program chiefs; E, V. Murphree, chairmm
of the planning board; S. K. Allison, J. W. Beams, G. Breit, E. U, Condon, and H, D. Smyth.
H. T. Wensel served as technical aide to the committee.

‘Funds available for the work were greatly expanded. Under Lawrence the investi-
gation of. the large-scale separation of the wranium isotopes by electromagnetic
processes was accelerated at the University of California. Research on the gaseocus
diffusion precess of separating the isotopes and on the all important problem of develop-
ing suitable porous membranes that. séuld ‘nof tortode and become clogged through the action
of uranium hexafluoride was centinved at Columbia University under Dunning aund Pegram.
H. C. Urey bad supervision of methods for praducing heavy water for use as a moderator
and other important special assignments. Basic work relating to the chain reaction and
its utilization in the production of plutonium gt Columbia under E. Fermi and at Chicago
under S. K. Allison was continued under A. H, Compton’s direction at the University of
Chicage. It was hare that the chain-reaction was first demonstrated by Fermi in a
graphite~uranium pile in December 1942.

By July 1942 it appeared that the final intensive work on the research and develop-
ment program could be directed more effectively by a smxller group and the S<1 section
was succeeded by the S-1 Executive Committee consisting of J. B, Conant, chairman;

L. J. Briggs, A, H. Compton, E. 0. lawrence. E. V. Murphree, and H. C. Urey, with

H. J. VWensel as technical aide and Irvin Stewart as secretary. These meetings were held
at ‘the Carnegie Institution and were regularly attendéd by Brig. Gen. L. R. Groves, head
of the Minhattan District project, who was charged with the heavy respamnsibility for
erecting plants and producing uranijum 235 and plutonium in usable quantities by the
methads developed by the research groups of S<1. By May 1. 1943, the undertaking had
reached the point where it could be taken over advantageocusly by the Manhattan District
and the work of CBFD on the uranium project was terminated.

During the war about 60 members of the Bureau staff were engaged on the atomic
bomb project. Some of its leading physicists. chemists, and mathematicians were assigned
to the Clinton and Los Alamos Laboratories at the request of the War Department,

Early in the war a simple and highly effective chemical method was developed at the
Bureau for removing harmful impurities from uranium. This was used in all subsequent
production of uranium. Similarly a procedure was developed for producing graphite
practically free from boron. These contributions were of great value to the project,
because some of these impurities were strong absorbers of neutrons and their effective
removal was '« prerequisite to the establishment of a chain reaction in a pile using
rormal uranium.

The Burean also served throughout the war as a central control laboratory for
determining the purity of the uranium and other preducts that were used in the project,
Thousands of chemicul and spectrographic analyses were made during the course of this
work. Measurements were maxde of the radium recovered from the uranium eres. Methods
for separating the wranium isotopes were studied. The alpha-particle counting method
was developed to measure the change in the relative abundance of the uranium isotopes
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during separation processes. Yet the work was so closely guarded that the Bureau's
participation in the atomic bomb project was not known to the members of the staff not
asscciated with the undertaking, ' ' '

THE GRAPHITE, PROBLEM

. In the early consideration of the use of atomic energy for military purposes, one
of the first proposals (by E. Fermi and L. Szilard) was to use graphite as a moderator
in obtaining a controllable chain reaction for the productiocn of plutonium. It was
known that impurities which might be present in the graphite or uranium would capture
seme of -the neutrons gemerated by fission of the uranium 235, probably a large enough
propertion of them to prevent a self-sustaining reaction from occurring in a uranium-
graphite pile, Thus the problems of procuring sufficiently pure graphite and suf-
ficiently pure uranium were outstandingly important among the many assignments undere
taken by the Bureau in comnection with the atomic energy project.

¥hile graphite was a common article of commerce, its usefulness had never been
seriously affected by its impurities that now assuved swch commnding importamce. In
January 1941 L. Szilard ard D. P, Mitchell of Colugbia University came to the Bureauto
discuss possible reasons for the discrepancy between the analysis of graphite ash ude
by ¢ commercial analyst. (by c spectrographic method) and the neutron absorption measure-
mwents of the ash by E. Fermi. It was concluded that the analytical results, for boron,
. in particular, were at fault, Hence, the first task was to-devise a relimble methad ¢ -
for the determination of boron in graphiteé, which was undertaken by C.-J. Rodden.

The procedure developed, which became standard for the determination of borem in
uranium compounds as well as in graphite, showed that much of the neutron absorption
of the graphite ash measured by Fermi was due to beron. g

With a reliacble method for determining smll amounts of boron as a guide, the
next step was to find out the sources of this impurity. The graphite which was then
‘cbtained was much lower in boron than any previously examined. The new procedure was
. used to produce graphite for the first wranium-graphite pile, which was successfully
operated in Chicago in December 1942,

THE URANIUM PROBLEM

A decisive step in the purification of uranium compounds was taken in the summer
of 1941 at the Bureau, when Dr, J. I. Hoffmn showed that uranyl nitrate could be
separated from all harmful elements by extraction with ether. By this method ,suf-
ficiently pure uranium could be cbtained from crude uranium oxide and from pitchblende
and: carnotite ore .concentrates. The ether extraction process became the standard
procedure for the final purification of all the uranjum subsequently used in the piles.

Since metallic uranium had not been mxde hitherto in commercial quantities,. it
was pecessary to develop methods for producing the metal, as well as to determine and
control the purity of the miterials used in its production. The investigation of
both phases proceeded simultaneously. The preparation of uranium tetrachloride was
begun by C. J. Rodden early in 1941. Soon thereafter fused pieces of metal were
produced. In June 1841 some of the pisces of metal thus cbtained were remelted by
J. G. Thompson and H. E. Cleaves. An important discovery resulting directly from this
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work was that ‘the melt.lng point of uranlum was lower by at least 600° than the recorded
value of approximately 1800°C,

. "While the study of metal production was going forward, progress was also being
mde in the analyses of uranium compounds and in procedures for purifying them,
Deterninations of boron were now being mude by B, F. Scribner by special spectrographic
procedures that were standardized by means of samples chemiocilly.analyzed by

J. A, Scherrer.

During 1942 specifications for the purity of uranium compounds were prepuared by
a cormittee composed of C, J. Rodden, L. Szilard, R. Rosen, and F, H, Spedding as
chairmin. Metheds of chemical analysis for many elements present as impurities were
developed and hundreds of samples were analyzed at the ‘Bureau. J. J. Tregoning and
G. .Petretic contributed to the solution of these problems. For example, methads for
the determination of rare earths in the impure oxide were of especixl importance
because of the known meutron absorbing properties of certain of the elements in this
group. K. D, Fleischer and J. I. Hoffman contributed materially to the solution of

this problem.

In conjunction with M, Pochon of the Eldorado Gold Mining Company, @ methed for
cbtaining purer black cxide was found which consisted of an acid leach of the material.
The NBS contracted for the treatment of future shipments and the working over of some
of :‘the older shipments by this method. ,

As a result of the experimental work at the NBS, it was evident in August of 1941
that rav mterials for satisfactory uranium metal could be obtained or produced. How-
ever, at this time there was only ane producer of metallic uranium, Metal Hydrides.
Inc., at Beverly, Mass. The boron content of the powdered metal furnished by this
company was so high that it was practically useless for the purpose intended.

_ In contrast with the metal first produced, with an excessively high boron content.
the metal produced by Metal Hydrides after the Buregu's assistance was satisfactorily
low in boron,

The work covered a number of phases of the project besides those relating to the
procurement and analytical control of materials used in the piles. For example, in
the latter part of 1941 C. J, Rodden and J. I. Hoffman developed a method for the
purification and preparation of uranium compounds suitable for making films for
determining isotopic composiuon by alpln-purticle counting techniques.

THE CENTRAL CONTROL LABORATGRY

When in 1942 the Munhattan District assumed responsibility for procurement, the
amlytical work rapidly increased in scope and volume. Methods were now developed
for the assay of uranium-bearing materimls ranging from low grade carnotite to high
grade pitchblende. ’ ' '

In February 1943 when the Manhattan District set up a program for all raw and
finished mxterials connected with the production of the metal, the NBS was designated
as- the Central Control Laboratory. As an illustration of the complexity of soue of
the work, one product required 17 individual chemical analyses in addition to the
spectrographic determination of 29 elements. To aid other laboratories concerned
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.with the metal control program. standard analyzed samples of some fifteen materiacls were
prepared, including four kinds of uranium ore. Guest workers were instructed in analyti- -
cal methods and other laboratories and plants operating under Munhattan District contracts
ware assisted in developing procedures and in overcoming difficulties. .

Up to the end of 1945 nearly 9000 samples of - materials had been received and nearly
30,000 seporate analyses made. The developuental work on-these problems of procurement
resulted in contributlons to 47 reports. In 1845 C. J. Redden became chairmn of the
Monhattan District Analytical Committee.

As further examples of the diverse nature of the problems' that came to the central
control laboratory. the following are of interest:

1) In mmny cases uranjum ores were purchased and paid for on.the basis of their
wranium content. with the provision that the radium be returmed to the original owners in
the residues left after removal of the uranium. Disagreements arose. To settle these,
radium standards were prepared in cooperation with L F. Curtiss of the Bndiouctlvity
Section for checking methods of determination of radium

2) Owing to the foct that the Metallurgical Laboratery at Chicugo did not have
radequate facilities for analytical -control in their early work. many materials involving
special types of analyses were ment to the NBS. This included heavy water and the
catalysts used in its production. Requests for assistance. especially in the cupacity of
consultants . continued through 1945,

3) In cooperction with W. N, Harrison of the Clay and Silicate Products Division,
ceramic materials were excmined for suitability of their use in the electromagnetic
process of isotope separatien.

SPECTROGRAPHIC ANALYSES

The work of the Spectrochemical Laboratory on the atomic bomb project was initiated
in April 1940 when tests of the purity of several wanium oxide samples were mude by
- qualitative spectrographic analysis. When the supervision of work on uranium was later
assigned to the Office of Scientific Research and Development. the volume of testing
increased and the samples then submitted included a varijety of uranium compounds and
other miterials of importance to the project. It was apparent at this time that the
usuxl spectrographic methods of analysis were inadequate for the analysis of uranium
especially in view of tbe increasing purity of the materials being produced

The production of uranium of high purity was one of the serious problems encountered
in the utilization of wranium as a source of atomic energy. Impurities, particularly the
lighter elements such as boron, cadmium, and lithium, are effective absorbers of neutrens.
Relatively smzll amounts of the impurities may reduce the efficiency of uranium fission

. below the point where a chain or self -sustaining nuclear reaction can be obtained. In
order to control the production of pure uranium and to inspect the final product. metheds
of analysis were reguired for the determination of 60 or more chemical elements on a
routine basis where speed. high sensitivity. and accuracy were important consideratioms.

The problems of the spectrographic analysis of uranium-base materials was complicated
minly by the highly.complex spectrum of uranium. Under the usumal spectrographic pro-
cedures interference by uranium lines would have rendered spectrographic anxlysis - «

~
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ineffective for determinations of impurities at low concentrations, This obstacle was
overcome by the deévelopment of four concentraticnal methods in which the impurities are
separated from the uranium and then determined spectrographically.

- The first satisfactory method for the spectrochemical analysis of uranium, was
developed at the National Bureau of Standards, and was descr jbed by B. F. Scribner and
‘H. R, Mullin in April 1942. 1t is physical in nature, involving fractional distillation
of the impurities from « uranium cxide base. High sensitivity and accuracy were
realized by adding @ material, termed a "carrier,® to the sample and distillirg the
carrier from the mixture by means of an electric arc. The carrier serves to sweep the
volatile impurities into the arc, the light from which is cbserved by a spectrograph.
The high sensitivity of the method is attained by the almest complete suppression of .
of the spectrum of uranium,

The carrjer-distillation method was improved by a series of controls, including
an electrode assembly of novel design. In June 1942 the method provided for the
determination of boron and cadmium down to the desired limits, and included the
-determination of arsenic, cobalt, lithium, maganese, nickel,.silver, and scdium. The
elerents now determined by the methed are Ag, Al, As. Au, B, Ba, Be. Bi. Cd, Co, Cr,
Cs, Cu, Fe, Ge, Hy, In. K, Li, Mg. Mn, Mo, Na, Ni, P, Pb, Bb, Sb, Si, So. Tl. and Zn.
The basic method was modified for the more accurate determinaticn of iron. magnesium,
ard mnganege in February 1945, thus cbviating the need for chemical determinations of
"iron and manganese, The carrier-distillatjon method was odopted by other laberatories
on the project and applied in the analysis of thousands of samples of uranium and
similar myterials, More than 120,000 determinations were mude at the Bureau during the
years 1943.45.

. The three remzining methods that were devised for the analysis of uranium-base
materials provide for the determimation of the less-velatile impurities to which the
carrier.distillation method does not apply. The spectrographic methods -involve the
analysis of three chemical concentrates from wranium-base scmples. These concentrates,
prepared by the chemical section under the supervision of C. J. Rodden, include the
-rare-carth group {Ce, Dy, Er, Eu, Gd, Ho, la, Lu, Nd, Pr, Sc, Sm, Tb, Th, Tm, Y, and
Yb), the platinumemetal group (Ir, Pt, Rh, and Ri) and « group of elements precipitated
by cupferren (Cb, Ga, Hf, M, Ta, Ti, V. W, and Zr). The required semsitivity of test
was cbtained by the ‘combined chemical and spectrographic procedures and, in some cases,
a remarkable limit was achieved. , :

The complete system of spectrographic methods for the analysis of uranium-base
-materials was recently described by Scribner and Mullin.

METALLURGICAL INVESTIGATION OF URANIUM

- - Phases of the metallurgy of uranium investigated at the Bureau included the
development of methods for melting and casting the metal, methods for working uranium,
and investigation of the uranium-exygen system which necessarily included development
of wethods for determining oxygen in uranium ard for metallographic examination.

Investigations on thorium included a few experiments on comparison of beryllia
and thoria as melting refractories for the weotal, determination of density and hard.
ness, development of procedures for preparing metallegraphic specimens, and study
of the microstructure of cast and extruded thorium.
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Melting and casting uranium: In the early stages of the project. utilization of
wranium required the development of metheds for melting and-casting.

Investigation of the melting of uranjum was initiated at the Bureau jin Msy 1941,
using metal prepared by C. J, Redden. Work on the problem was sporadic until April
1942 when metal from contract producers became available and extemsive research on
the metallurgy of uranium began. Contributions of the Metallurgical Division to the
techiique of melting uranium included (1) demonstration that uranium could be melted
successfully and without contamination, using beryllia crucibles, and (2) development
of methods for fabricating uranium: The hot and cold working properties .of uranium
were investigated and procedures for forging. rolling, swaging, und wire drawing were:
developed .

Other metallurgical research included the determination of the solubility of
exygen in molten ard solid wranium; determination of axygen in uraniom by vacuum
fusion: reactions of uranium with oxygen and nitrogen at temperatures up to 500°C; and
metallography of uranium,

PHYSICAL AKD MECHARICAL PROPERTIES OF URANIUM

Much of the informaution in the literature on the px";q.:'erties of uranium was in-
accurate because it represented ‘the properties of the impure metal previously available
and not those of the relatively pure metal produced by methods developed recently.

Temperatures for the melting point of uranium given in the literature vary from
less than 1000 to more than 2500°C. Early melting point experiments in the Metallurgy
Division at the Bureau showed the melting point to be much lower than the ‘value of
about 1850%C that was given in mny handbooks. The metal available in 1942 welted in
the range 1075 to 1125°C. Precise 'melting point determinations were later made by the
Heat and Power Division on four specimens of uranjum preduced late in 1943.

Other properties determined: in various laboratories of the Bureau include: Density:
electrical resistivity and temperature coefficient of resistance; thermoslectric
potential: specific heat of uranium and its compounds at high temperatures; transformi-
tion points: bardness; temnsile properties; compressive properties; and physico~chemical
data on uranium compounds.

"THE FIRST SPECTRUM OF URANIUM

At the begimning of the year 1942 there were only fragmentary descriptions of the
spectra emitted by neutral and ionized uranium atoms. No Zeemun effects had been
observed; no term anclyses had been mxde; nothing was known of the configuration of the
valence electrons: and no value had been found for the nuclear moment of the odd isotope.
It was kmown, however, that the emission spectrum cbserved in the ordimary arc and spark
sources is exceedingly complex, and does not at all resemble the spectra of chromium,
molybdenum, and tungsten. which precede it in the periodic table of the chemical elements.

. A wuch clearer understanding of the structure of the uranium.atom was necessary in
connection with other investigations that were under way, and the Spectroscopy Sectien
was requested to undertake an investigation of the uranium spectra.
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The program of work comprised the cbservation of the uranium spectra as ewitted by
arcs and spark discharges in air at normal and at reduced pressures, by discharges in
ragnetic fields, in hollow cathodes, and by under-water spark discharges. ~Available
for making the cbservations were four cemave~gratiny spectrographs and a large quartz-
prism spectrograph, together with awxiliary apparatus such as Fabry-Perot interferom
‘aters and Lummer.Gehrcle plates.

A sepuration was effected of the lines emitted by neutral uranium atoms from those
emitted by ions. A list -of more than 9,000 lines with accurate wavelengths, wave-
numbers, and estimsted intensities, for the region 3,000A-11.0004, were compiled as
descriptive of the spectrum of the neutral atom. A partial analysis of this spectrum
was made by the classification of about 2,000 lines as combinations between 18 low and
metastable odd energy. levels with more than 28 higher even levels. On the basis of
vell-resolved Zeemn offects several of the low levels were Jdent:.f ied as comgonents of
5L, SK, ™, and 7K terms arising in the electren configurations £3ds? and £3d
spectrum of uranium was interpreted as that of a rare-earth element amalogous to that
of necdymium, uranium being designated as the third member of a second group of rare.
earths ‘beginning with thorium. Easy ienization in the electric drc and in magnetic
fields, and the short-wave limit of the cbserved spectrum indicated that the ionization
potential of uranium atoms is appraximately four volts.

CONCENTRATION OF ISOTOPES

. During the summer of 1941 A, Keith Brewer and S. L. Madorsky developed a reflux
electromigration method for the concentration of isotopes. The mechanism presupposes
the existence of slight differences in the tramsport velocities of isotopic ions in
solution, The basic principle involved in the process is the establishment of the
conditions of counter-current reflux between the isctopic ions migrating in one
direction in.an electric field and a stream of electrolyte flowing in the cpposite
direction.

A.difference in the transport velocities for isotopic ions had been postulated
as early as 1921 by Lindeminn, Numerous attempts by Kendall and his coe-warkers in
which ions were electrolyzed through long columms of agar failed to‘detect a separa-
tion effect. It was not until the counter-current electromigration methed wad
developed at the National Bureau of Standards that a separation of potassium
isotopes based on ion mebility differences was realized.

MOLECULAR DISTILLATION

The term molecular distillation has been applied to that type of distillation
vhere there is no exchange between the escaping vapor and. the evaporating surfoce.
This is accomplished by operating ut such low pressures that the mean free path of
the escaping molecules is of the order of the distance between the surface of the
evaporating liquid and the ‘cooled condensing walls of the still, 'Brewer,

Madorsky, and Westhaver developed a new type of molecular still in which any desired
number of single-stage stills are so connected together that the resultant- separa-
‘tion realized .in one operation is equal to the separation per stage raised to the
power of the number of stages. All transfer of material between stages takes place
automitically by gravity feed, As a result, the laber involved in a multi-stage
system is cut to little more than for a single-stage operation. In additiom,'the
quant ity of material required as well as the time of operation is reduced to suwch
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an extent that the method becomes an efficient process for the separation of isotopes.

The first type of still developed by Brewer, Madorsky. Westhaver, and Taylor was of
the high platage all-gravity feed design. Numerous modifications of the same general
design were tested. The most successful design consisted of a long glass tube inderted
along the bottom at regular intervals to form shallow pools. A water-cooled copper
tube to which copper condensing plates were attached was then inserted in the glass
tube in such o manner that the liquid evaporating from each tube condensed and dropped
into the pext highest pool. The entire assembly was placed on an incline of about $° so
that the lj.quid spilled -back from pool to pool eqwzl in amount to the quantity
evaporating.

The second type of molecular still was developed by S. L. Madorsky. It consisted
of a number of vertical cells arranged in series in such « minner that counter.current
reflux is maintained ‘throughout the entire group, Special mgnétic lift-pumps were
designed to supply the feed between cells. '

MASS SPECTROMETER ANALYSES

At the outset of the war, the National Bureau of Standards did not have a miss
spectrometer laboratory. When the electrolytic migration method for the semaration of
potassium isotopes was devised, it was necessary to set up at the Bureau the muss
spectromoter which had been buirlt at the Fixed Nitrogen Research laboratory by A. K.
Brewer to make the aralyses. This mrked the beginning of the present Muss Spectrometry
Laboratory. During the time that the electromigration methcd was being investigated,
the mass spectrometer wos run cbout 16 hours per day.

A moss spectrometer wus designed to analyse uranium in the form of gaseous UFg.
This gas upon ionization by electron impact in the mss spectrometer is dissociat
into all possible combinations of uranium and fluorine. The original methed of
operation consisted of reading the two mass peaks simultanecusly, In order to enbance
the sensitivity of the instrument. the entire electrijcal pick-up for the reference
peck was replaced with a more‘stable design while the circuit for the other peak was
revised and reinsulated. While these changes materially enlunced the stability amd
sepsitivity of the instrument, the actual recording of data was still cumbersome
since it was impossible for one cbserver to read the deflections for both peaks at the
same time. In addition to reading the meters. the operator was required to operate
the voltage scamning dials by hund to bring-into focus the .mass peaks.

In order to simplify the opsration of the muss spectrometer as well as to increase
the accuracy of cbservation. an automatic poltage sweep and recording mechanism were
designed. The recorder was assembled from parts of commercial Brown instruments, The
scanning circuit was @ medification of that used on the Consolidated mass spectrometer,
in that the accelerating voltage was changed by allowing the potential on a condenser
to decay through a high resistance. When the potential had changed -over the required
range, a relay arrangement allowed the condenser to be recharged and the process
repeated. To eliminate all minul recording of data during a run. a control was placed
in the ionizing circuit which permitted the operator to keep the referemnce isotope’
beam at a constant value. This recorder not omly vastly simplified the operation of
the mass spectrometer but also.increased the precision and shortened the time of

anulysls.
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RADIOACTIVITY MEASUREMENTS

In the early part of the development of the atomic bomb it was necessary to have
@ wothed of testing various procedures for separating the isotopes of uranium. In
particular, it was desirable to be able to mike measurements which would reveal to
what extent the percentage of uranium 235 had been increased in « sample by the
particular treatment in question and to detect very smill increases in this percenmtage.
This permitted the efficacy of various propesals for this isotopic enrichment to be
tested at the early stages and thus permit a selection of the best, with a minimum
loss of time,

A mothod was developed in the Rodicactivity Section based on the rate of emission
of alpha particles from the sample of uranium, using the alpha particles from the
uranium 234 isotope as an indicator. Since the percentage of earichment for the 235
and 234 ‘isotopes depend on their masses relative to the muss of the third, the 238
‘isotope, any treatment which enriches 235 will also increase the amount of 234 .in a
siople ratio of the musses. However, in the natural sample there are just as many
alpha particles from 238 as from 234 because the 234 is produced from 238 and the
process has heen going on in nature a sufficient time for the amounts of each te reach

" a steady value. If the relative amount of 234 is increased, and with it the relative

amount of 235, there will be more alpha particles per gram per second from the enrich-
ed somple than from a natural untreated sample. This method was mide sufficiently
accurate to detect a change of 1/10 percent in the enrichment. To do this at least
1,000,000 alpha particlws must be counted reliably ded accurately from'each sample,

Equipment to do this work was developed and constructed in the Rodiocactivity
Section and numerous samples were tested for various laberatories. which aided
greatly in selecting suitable methods of enrichment. In particular, the measurements
mde ot the NBS were very helpful to Dr. Abelson of the Naval Research Laboratory in
the development of his process for isotopic separation.

As a by‘brodmt .of the work in counting alpha particles from uranium the
radicactivity laboratory prepared many carefully weighed samples of uranium deposited

- in aécurately formed disks on platinum, These samples constitute relisble sources of

beta-rays which cun be used us standards in the calibration of beta-ray counters.
Sets of these standards were furnished vorious laboratories engaged in radicactive
work in connection with the war. ’

In connection with radicactive war.work, it became desirable to have many Geiger«
Muller counters available which had the thinnest pessible aluminum walls, so that they
could be used to measure beta-rays Previous methcds of producing such counters were
slow and expensive. The Radicactivity Section developed a methad of copper plating
thin aluminum toothpaste tubes so that fittings could be attached to them by ordinary
soft solder.to convert them into Geiger-Muller tube counters. The operation was very
simple and cheap so that several counters could be made in the time previously required
‘to mke one, with a corresponding reduction in cost. These toothpaste tubes also had
the minimum thickness required for evacuation amd filling without collapsing the tube.

For the identification and estimtion of radioactive isotopes which emit alpha
rays it is-desirable to have a counting equipment which will separate the particles
of the same range characteristic of each isotope and count them separately. An
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electronic circuit was developed which would reg:.ster the pulse produced by the amplifi-
cation of the ionization resulting from a single alpha particle of a given range. All
other pulses were rejected by this particular circuit, By arranging a sufficient number
of these circuits adjusted so that they just covered the various sizes of pulses to be
anticipated, the actual distribution of the alphu particles in terms of their ranges
from a particular source could be found.

Cne of the preblems in the procurement of uranium ore was the determination of the
quantity of radium in the ore as well as the quantity of uranium. for both these elements
determine the value of the cre. This problem was solved by utilizing the technique of
radon measurement, developed for another purpose, in which alpha particles are counted.

During the war, plants were established by the Army and Navy for applying radium h:s.
luninous compounds to dials of imstruments. The application of such compounds can result
in serious injury to persennel unless proper regulations and tests are established. The
measurement of radon in the exhaled breath of redium dial painters was thus mandatory.
The Radioactivity Section of the Bureau was instrumental in the development of suitable
rogulations and made the tests of expired air to determine the efficacy of these regula.
tions and their enforcement. In addition to the apparatus for determining the radon
content of samples of air the NBS designed « glass bulb for shipping samples of air
which could be sent evacuated to the collecting point to facilitate the transfer of the
sample to the flask, This service for the Army and Navy was of considerable value to @
them, since without it they would have hesitated to engage civilians to apply radium
luminous compounds and expose them to the well known dangers of radium poisoning. As
a result the hazards have been reduced to a few cases of temporary over-exposure.

The same gensral equipment used for measuring breath samples was also used to
measure radium in uranium ores. The chief difference in the procedure is that, for
veasurement of radium. the ore sample is dissolved and the radon cccumulated in the
sdlution over a definite time. The radon is then transferred to the counting chamber -
where the alpha particles are counted., From this procedure the amount of radon is
determined. From the amount of radon and the time during which it was accumulated the

amount of radium in the sample can be computed.

Several thousand such measurements were made, As a part of the program. comparative
measurements were mode with other laboratories which carried out determinatjons for
various contractors. As a result it was found that the values obtained by the Bureau
were both more consistent within themselves and nearer the average values of all other
laboratories, This resulted in the selection of the Bureau as a referee in case of
disagreemsnt of measurements rade elsewhere.

END OF DOCUMENT
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