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INTROTUORION

4 shord history ¢f our p¥ojest mey o of valus. Thw
idea of ubilizing phoSochbemiptey to offest a soparaticn of the
fieo%opss waz oxplored hers st Ocvlumbis University wiihk gasss. I
Barkoley, $wo invesiigators, kipkia end Yelesman, exsmined She photo-
chisaiatzy of o puabar ¢f compounds in he eolil gtate and fa
soludiong, Thelr work followad & suggeotion of Pringehoinm that,
eince the intunsify end haif-lives of the fluorososnse spsetra of
weanyi salie indicated $he flucresqsmes %o bs forbiddem radlation,
som9 lines of the spedira may bavo bDeed iaduced By tho ansisar
magnebic moment of she isotops 338; 4. 0., that 2 portiocn of thoe
gpedtren had erimon frem tho odd fgotopo amb nob Lrom 3he ayen
feo8eps, and i thig radigtion is absorbed and prodnsce o okemical
ToaoBlon, the reacting moleculies would bo relabively richer iz 238
than 3n 238. A& munbor of cush inetancss wers wall lkmoewa, 2Boshk the
p¥ajest at Columbia University sad in Berkeley were bedly misled by
erznry in the anslyscs of Ssotople ratlics and mach of Sholy 2ime
wae wosbed., She mas,’fgiswg} sechaligue has since cghieved high pre-
2inios e2d Peliebility.

¥ 19950001280 *

Oply the noet genosral and gualsisative considoystions
had entered inSe iho photochsnmlcal experiments. The project ve are
considsylag taoday has s differont enphasis., It fe & therowgligoleg
investigation to diecover prlor So eny pregram of photiochenicsl
soparadicn vhei the cpeclzrs of various wranium compowds Zepresent
se as %0 debtect the lines ¢f the spestra, which are profsrentizlly
Gue o 235 zathor sham 238. It 1o to De sxpooted that tho iater-
acilone vhich distisguish cno isosope f2om amotbar cen prodwoe a
ehango in bué a empll portion ¢of the spestirum. The eifuasicm ie thes
most heavily loaded againmet eny "pot ehoSe” and the poesidility of
saossos dopends charply on usdsTolanding the microscopic origia ef
the espeoirs and on photochoricel reactions whiekh the properly
e¢laoctied radisticn mey induse.

Osly she¥p cpectPs ean o Zegarded so sui%able, both
fTeom the poinmt eof vicw of imierprotadion zmd for diseviminaiing and
wiilizing the emall 4differonce in the spestirs wbileh would distimguieh
She is0%epes wnisns come wiadfall shonid cecsuz. For this rosgoa the
eharpealng of opsetra which loy temperalurecs brisg azbuwd s i
iznoriont. ‘

4 abfef cumtribution off Ghe previous worll wag Hle
i goovery that Shere is nothing especially xars cbous syedeus i whish
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nraniwe roacts phejsochenically at the loweeh temperature $ried -
ghet of liquid 2idregea. k}ggpwim\":; )

The coasdrrcbion of tho lahoratery we aro now work-
ing in was begun last Fobrusry, and o considerabdle part of ths
offors snd %ime has gome inte mere coastruction. The responsidility
for spectrossopy van glven over te Dunoan; for the photocheminlry,
o Horrick; snd for chemisal preparabicaz end malyees, W
Glborteon. The inkeypretastiocn was pud chiefly inte the hands of
Marie Nayer. Teller was 2dded as coasulbant Soward the esd of
Fobruary. Abaous iz weeks age I begea work here whem liquid
bydrogen became avellable., I had been sirossing, and others wess
alec of the opinion, 6hat the yefinemant achisved in the speciTa
a% Shs temperature of liguid hydregen war needed for getting withis
Psaconable time st that wlee%ion! Jpeetra and substences ve
2equired for photochenical a¥sornsien. Im paseing, I mey ser thot
the width of linos 38 %he s@@a%m ot wranydl nitrate bad Wean
Beasured (Jooe end Dubm, 254k, Hooh, p. 123 (2938)) and founrd %o
o B 4 at the Mﬁp@mﬁam 2% liguid air and 1 A ab ths temperatuve
of Liquid hydrogea. The spachire of other urasyl compounds are
ooneiderably charper, o% lsazt at higher tempersiures, then $hab of
the nitrato. Onee the linsce of ¢he speesre ehlefly das te 230 arve
dotermined &% the tempefature of liguid hydregen, they msy Vo
followed ts higher temperatures. I8 hes always beem the iatenilesm
%¢ oarTy omt the photaechsmistsy st higheor Ssmperadure, ssy at the
tomporature of liguid air. Tke nocescary pracaulicmae for handling
liquid hydrogen im the lghsrstozy hove mow been cozpleotséd and last
week our firsd epectra wero foken al that fcuperature.

SCIERFIPIC BASES OF PHOTOCHEMICAL SEPARAYION

There ere principaliy tvo properties whiek nay be
ugod %o Alebiaguiel She $we isotopes speetrossopically: she
aiffevoncs in thm mssw ol their susleii amd the differsnee im
sheiz sping. gammes in the passes would be espectasd do
intreduce abound 1 en® pepazation in one of She fundamental vibra-
tional fregusnoice of wrsayl fom aad slee of the hozxafluwnziée and
proporticnally grester sspavabiane $m the harmemice. As rogards
spin, we may be eenfident thed the nusleus 338 (mee dppeadiz &)
bas & spit and $hat %he nusleuns 23 dofimifaly has nove. The spia
ef 235 may menifoot iteelf im She spesire in eroversl ways: one
vey as hyperfine niruvoturs, spd snether, of mere imperisnce for
this projest, in the appoarmnce of spectral limes fndueed Ty the
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auclenr magnetic moment, which do mot appsar im the absense of

sueh momemi, $.0., with Sho fcoteps 238, The line within the dand
sreten of the spootrTud su indnoed nsy wsll Yo far snovgh from other
limes a3 %o offer me ALfficulty of reselution. Kol exemple, the
line 3P, ~ ‘B, in the mercusy spectram, whioh arvises Zvom she odd
at not f£yom she oven isotopes, io seventach kumdred vavemumbars
fron the nearesnt limes of the spectrum.

SUCCHESSFUL FEOTOCHENICAL SFPARATION OF OYHER IS0SOPES

That photochsnioal mothode have Beon ouccessful im
sopazating isetopes is well kmowa. In mercury Mresowskd (28. £.
Phyoik 78, 636 (1932)) hed ectedlicheé Shat come of the Limes
originate in tho 044 igotopes gnd, Vesed on thoss lines, ho
psoggested a photechanical metliod for abfaeining a sepsTadion.
Zuber (Hslv. Aota Phys. 9, 280 (1938)) empleying thic mothed
cobhicved a four-fold enrichment. IHacently, Kuha, Martia, Zdaun
(2. Physik Chea. B 80, 313 (1941)) effected a oeparatien of the

in C10., -ani-e=tenariaiig—sussessini—s0paPation

POSSIBILITIZS OF SUCH SEPARATICE IN URANIUK
METRODS OF FRESESNYT PROJECT

Beosuge of the low veper pressure of elsuentary
motallie uranium, oven at high Semporstures, iV scems impractieable
% sttempt photochomisel fraodicamastioa of afomiec urasivam. The
more vslatile eompounds of wrepiwm afe rather complex snd ip the
gasoous obate give rise to Aiffwss epsoltra with 1i%tle rosolved
ctrnoture. Omrly a fow of those have Deea oxsmined, motably the
hexaSivoride, for which oome of the vibratiomal froqueneies are
knoen f7om Banen dada end aleo from infre-red data. Steps have
boen Szkem here %o Sake the shoorptiom speatrum of ke bBezaflverido.
wméer consifeTably moze favorsble conditions than formerly.
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On the ether hand, the spsoira of mpay uraniuz coupounde
in the colid state and in goms coludions are almost valgos in Hhsalir
sherpoone, coSparing {avorebly with tho rers earths, This proper
ic well kmown as regesrds the sbtoovpion sud flvoresgence epeaitra of
the oranyl calis. I% bolde =ise for the absezption epectra of
anlbo of uraalvm in the guadrivalont and trivalent stabes
(F. Dphrain & 8. Heseser, Holv.Chim.Aed, 18, 1360 (i233)). 3otk
the {lvorescones and sbsorpticn speotra of $he uranyl 2azllde comsial
of zather sharp limss olustored im groups walch repeat Shelir palttera
at conptart imSsrvals. The intervais 4iffor elighdly froe calf Go
eall, waile the pattorn of the grouwps reflect the gymmetsy ol the
envireanment of Sho ursnyrl Som. The prosent inlerpretntica sccounts
for thie shaTpness by postulating an oxcited quazium nbtale whish
hae a2 electron in sn inmer P ozbis, chiclded Yrom periurhoetbicns OF
the outer completsd slovtromie shelle.

A hegisning Rao already Ween mads in tks inveadigatien
ef thess compounds wiil pervioslar reforemcs %o thooe eryetals wheve
Z-vay Anbz {Fanlmshen Z. Eersl §4, 212 {1238)) have farnichzd infor-
retion on the confizurebicr of alomg ghowt vraniws, sodiws wrenyl
aceBate, Fubilium arsarl scetabe. Thers is goed reecon 6 Delliuy
that shavp spestis will be farnished by ecmo sclutione of 2rsayl
ealis 3o organte gelvemis whieh s¥e moeblle Jjust above the temperature
cf l&quid air. Ursayl scetats in a mixsore of iseponfipnte, ether,
28 gicohol wap Souwnd by Idpkin and Veiscsmem 40 giva csepedially sherp
strusture et the toupePelure of ilgquid 2%,

Cor program 1o Girected ot understanding She speoiza of
urskinm sompoonde 20 as $o identify the lines which distimgusidb the
U228 isotops. For identifying these lines s ocomplote anslyeis of tho
spsotFa is unnececssry. LHowvever, enough chould te vmderstced o Shal
% would lead to = colesticn ¢of thoss subdstances which have the
groater difforxences i the spaatza of the ieolcpee. Afker the
iepordant lines ere fovad thoy will bo ueed im photochemiocal wepara~
tiona. Alresdy photochemicel expsrimenfic ave being cartied omt %o
diosover which substznooe Peact photochemicelliy.

%o esingleo cwd tho part of the speclisum due % 3ne odd
fgod0ps, the sctisn of a megmetic field on the speotrum of the eRosen
evbetanss vill be of grost sssictanse. Tho oxtermal segusiic field
effeets $he epenira of sll the uraniue iz the 20ome wey bud lo 2
graater degrae Shan Ghe pwolzer magneblie momemt affeots e cpectrus
of the odd Lasctope. ZRe oquivsient field of $ho swelogr wmomem® 4o
cotivated {appemdiz ) &% from 2000 t¢ 10,000 gaves. Bxteizsl fields
of 20,9500 gause a0 ovailalis. The inteasity of the radiasticn Forced
by Ghe £isld i quadratic S the ficld edrenglhe end lhe ofTooh of
t2s sxtarmal fieid v o2 223 She areniva nregent and ol skly om &
ekl fraekion,
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A éirect metkod for dotecting lines ¢f the epeotium
peoulint %o $he isotepe 238 is teo make uge of samples sariched in
the lgotope. Ouch ssmplac e¥e Rov oRbainsadle. Idpkin srd Weloomamw
duot beforve being traneferrsd t0 gmother project had tzken wmome
speetra of materinl containing 169 U338, Ome of the lines in
rubidina wrenyl nitrate was fownd intenssified five-Told and several
lines im sodiva ursmyl acedate about Lifty per cens. Such Ligures
lead o n 7atlo in the tramsision probadilities AZ35/4236 of 3¢ and
4.3, rvespeetivoly, which sesmcd unregsonabiy bigh. Bowever, they
later found tha® the intemeification of the lime im rubidiua wranyl
Bisrate vas due %6 a bydrats mixed with the anhydreus srystale.

it may be worshwhile at this point to montion that 4f
ene chuoTpticn 1ine ia & band of this enrichsd sample was only 2%
sere intonge thak the eorrecpondicg line frem oédinary uroniva
naterial, photochemioal separastion would Yo almeeid resdy fer the
engi: T and DPig seple prodmetionm. (appendix table [ ). This
eorrespondns te & ratic of 1.22 in the absorption cceffisieate of
the icobopes for that line.

Cersful work 9sn aveid the presence of mixtures so that
somparicene of the spectra, ospecislly %ho absorption spectrs, weuld
bs Srustwertly. Thoe work with ths magnelic field requirzee mo sush
sazé since 2he fiold works «m the idemticzl sampio wheee epestis Rad
becz Sakom without field.

o pregiam for Anvestigsting the cpecira to dlgoover the
oot favorable gubgtsaces includas meny compounds of uranium of
different valemses width the ursniva adtemg in difforent oavironmonts
of kncwn configurastion and symmetsy whorever possiblo, The spectra
of the ofystalo ave %o b simplified by exsmiming polarisation
spesira of unisxinl) eryatals. Alee, the spectya are %0 96 snslyzed
inte compoment speci¥a eceording to their multipole sharacter. This
analyeie consistn of o comparisoa of the polarizcd spectrs examined
vith 1ight coming from crystales at differemt dirsations relative te
the ezystal axis. Suok obeervations permitted Deutechbein (Ann.der
Phyeik 36, 133 (1928)) to detormine that the rediation from a
zystal of & Tare earih sonsisted of twe spsesiss: eno of eloairie
dipolo radiation and the other magnotic dipele radistien. IHis Pe-
sults wore confirned by wide-angle inderxference mzasurencnls {om
paiusdions of the azame ravre oavth (8. Freod end S.1. Velssuan Phye.
Rev. G0, 440 (1941)). Tho usec of arystals Pather then solufions
will sermit we %o plek vp esck Aifforemeos inm thoe astere of the
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radlation at the lowest temperatures whore the disturtences from
randon 6leatric ficlds oro emall and 18 will then be Felatively eacy
to conbimue be idomtify the Toadiation gt highor tempovatures and is
solutions.

8¢ far, we bave found no clegr-out method of ostimsting
the relative Smportance of random eleotric fields and the nusloear
nagnesio field ia ferelng forbdidden radletion. The intonsily of ibe
1ines forosé Ry ke muslesr field is somputed in an gppendix The
fant that fluerescenss from wranyl iens has a balf 1ife of 107 second,
even in eolutions at Fooca toxporature, where thoe randca fields are
coasidorable indicates thst in many compounds these fielde are not
particnlarly etrong. It sssme prodable that g judiclous choico of
substapees baving fields of Righ symmotsy and wepk fields gbous she
urgniwa atoms would select those imatances where the ceapetitien from
random fields is not soriewg. Ws shall sce that only a swmall per-
sentage offest of ths nuclear xoment $o eufficiems. IS haz beem found
in somo of our work im Chiocage YRat $hs loecgl gymwmotzy of the nlere-
soopic figlde gbout Long in some coluticns are higher $han in asny
orystale,

The iavestigation will bo oxtended to the ceanditione
under which the photochemist?y would apply om & prectical saale,
that $s, %0 0lear solutions at the temporatnre of liguid aiz. From
sgperisnce with the rare onrths 1% gesms likely thzat charp spostira
will bs found in solutioms al low temperatures ales. Already Lipkis
end Weigsmen have reported limes within ome engetrom umit ia the
spectyum of uranyl acetate in orgenic solvents. I oll prodabllity
solutions may be fowmd vhcps cpectTa aro sherper them that of the
acetala,

As to effeats in the gpeotra due to the dilferenss ia
the masses of th: iseSopes —~ they are mot exocluded for purpeses of
phoBesbartses peparatien evem though isedopiec Lroquensy differences
aPe not resolved in the gpoctrum. If photschoenical exsitadicn takes
plate on the high frequemcy side of tho profile of the ahaozpiien
1ino, sn enrichment may 000WF 2ince, as is sbown §a deteil in the
eppoadiz 1 , o retlo in absorption coofficiente of the Lgctepes as
lov as 1.08 becomee practical aprd & raltie 1.10 is definitely ea the
favorable pido. ‘
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RITIMATES OF COST IN LABGE SCALE PROTNCYICH

A compudagion has boom mMete cn the Lollowing robler
resoonadle basis whick is wors Dally aud precisely given ian 8ho
Appendiz 1.

The abesrption spsobtrea of o vrenyl ocompousd sontaing &
photcohenleally weeful lime ta one of the bamdis whoss Satonsity is
20% Lage Shen ono Sea-Shousandth of #habt of the eand. LTas may ko
sdteined wileh sia converd oao thousesdth of Shelis slogtrioal 8-
put inte thais pbotochemicsl freguemey. {fhic ra. 0 oppests Fathelr
spbiuieblie, wut 1t has hecn purpasued in powzees of roaonanes
Fadintion.

4 rilegram of Upgn ninety psr cent pure esv he mads b
the Tollicving sudimated nostas

N . Powsr 39 Uent of
Baufe of Prics :
Abporpsion Bleebrical gz“;gg 1 g:ﬁﬁﬁm
f 14 . % v N
Beoffictonia i?;?%g pox ﬁgq pe? 4oy miliion §
238 K lewaht. _— —
2.0 156 3.2510° 24
1.5 816 31,3502 08
1.3 B0, 2.0500% .05
1.3 1,560 :s,,.zzxmg 24.1
1.08 6.1em08 1.5210 90

3% appesre thea that 4f & line 4s Tound nod altogather tos
werk whoss rabic im the abeorption coefficients is moFe Shanm 1.06,
it may be wesd for producing large quantities of the odd inateps.
1f 1%quid bydroger bad e be used, a higher mialmum ratio ia the
sbeorphicn coe’ficients would e necessaZy. Hovevsr, ve 4o net loek
vpen ench 2 possibili?y so Likely. A ratie of 1.10 ie alvealy
abivaotive and o811l higher very faversile. -
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TIME SCHEDUL3S

It should de kept ir mind that moshing dut prelimianary
work has Joen done so far. Tho dasle ideae are sertesinly sorrest.
They have been erzperimontally werified, for ezample, by Zuver
(Holv. Act. Phye. £, 388 (1936)) who ebtsinmed a four-fold ea-
richment of Whs mercury isotopse. The present projeet weuld bs con—
tent with vme fortisth of thab, 4.0., 10 per cenb. Vo eciimate
thet im siz monthe &% 42 poaeidle e test the gppliosbilily of the
ideas %o our gystens. On the other hamd, $iw recultc may De nogalive
but dofimite, and we may be sble to state with sasursnce that thie
2othod with powerful posaibilities is 20t suscceeful 4m She hands cf
the opemy. If the work does mot condimme, 8% is very probable we
shall Surn %o this pogsidility agaln and agaim and at s labter time
bs forced imto szobh an investigatiom to cettle She poeaibiliticee omee
and For all.

In conclusiocn, ! ahall quote s opimion expre 24 ty Teller.
He 1dd that 12 this spprozoh had bYeen tskeam up vhen the other methodg
had been estarted, thic ore might well Dave overtakea the others Wy
this time,




Appendix_|.
Ectinate of tha Cast of the Photcchenica) Precass

Iz order to ohtain o clearer uzderetanding of the begni-
tude of en offect vhick could bs used in practice, scome of the
oxpenditures in povwsr and mopey have Veen aslsoulated.

Lat ue sszume Shat o photochsmical procesce haes Lesa fowad
vith 2 quantum yield of cne, for vhich the ratio of 4y, the abgorpiion

soelficiont of 235, s Ak' that of 23, io

{2) Ag wa )1,

-l 40 thom the fracticnsl ecnbancemant of 238 im She material the$ wnder-
goen $ho photeohemicel Tesotlon.

o estimate the amount of light Fequired, s cascade of
Foaction oteps bas t0 be buils, in whick the reaction produsts of esch
step are gent on 90 3be next higher, while the romaining materiel is
f68 baok to the mext lowos step. Im cask s%ep, @ 1itile less thaa 1/3
of the materisl is advanced.

The esloulations for such g cassads are identiocal with those
for a diffugion process, snd ths resullds Ozn Do odSained directly Wy
veing the formmlas developed previousiy®. Tho quantity G, o¢ defined
by (1), corresponds %o the simple procece faoter O used by Coksa. Ike
moss efficient cascads is obbtelned, if the twe etresmn cnbering each
o%age, 5he ome £rom gbove and She one from belev, bave the canme lectopie
composition, Oohen's formmles hold for 0-1 (1 only. Fer G = 1.6 end
o = 2 ths energics obdainsd with these formulae are cligatly too low
(about 10% for @ = 1.5 and possidly B 1/2 at @ = 3),

The mumver of stages %o adtala maderisl combainizg $0%

3235 i given by

(&-1) 13 e -1
Thoss values are lioted ip coluam 2 of Tadle I.

¢ Karl Cohem, A28, Total Aress, Pusping Specds and Stagos fo@ Diffusisn .
Agperabtas, \ ‘

A"

™.
[ a



The aumbsr of mols of light quanida mecessary %o N
1 kﬁa o2 90% ﬁzw ¥ “

(3) 2000 1%0 = 1161
788 T W (@a)?

Those values eFe listed ia columa &.

It wag further sosumed that en are or eperk may bo found
which comverie ome thoussndth of its emeFgy fmpus inmto & lins of
the Aasived frequency. Thle figuve say ®e gomevhald eptimistic. Bub
47 1t were poseible %o wes o Pesomnance line, one could &0 & gread

deal Petter, %f iine nosded was ascumed Se have e frequency of
abous 20,600 en >, OUnme mol of gusate cerresponds o 87.2 kilocsleries

or 067 lilowas? houre; 87 kilowzdt hours are nesded ir the are %0
produce Shis smount of wsoful light, o enorgy requizved to obtein 1
¥g. of the dosirod materizl 4s them

(4) Epergy = ne, of mol quanta X 67 kilowatt kours.
Those mumbers are listed in colwen 4.

The cheapoet elsctrie ratse ave abond .3 semte par
kilowass heur. On this basis, Sbs figures in columa 6 sve obhalmed.

The pows? meeded i & plaat whieh produces 1 kg. a dey is
givea Sa solwsm &.

The prios of slectrical squipmesnt sione to ocorgtruct sach
8 plent 19, socording te a privats communioation to Earl Cohee L 4
Bhoa of @. E., $75 per kilowast. The price of this part of tha ia-
sballation 1o contsined in columm 7,

12 the plant e S0 Teash squilibdriusm im 100 days, the
time which the meterial may spead in each elep is

(8) § = 100 ((0-2)202)° Sogo = 4 x 10° (a-1)° seacnds,

These times are lioted in colusa 8.

e Sime whioh the material mue$ cpend under the infiuvemce
of the 1ight source in order that each moledule kas a chsuse of sbout
1/2 te abeord 1ight, 1s, for a-L)-05, a frastion of the alloved
boldmp %izme listed 1 colum 6. IR may be compuied ia the folloving
BEARGT o .
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= Wi
I% ghovld bo pomailtie to arzange the mupth1- thet T
the totel imtemeity %s 100 wabte per ew’ (1O kilowats over 100 ew® o=

of a¥es). OF thie, omly 172000 is 14gh8 of the aosirfd froguency .
I she 1ime in qwu%ieml ‘s frequeonoy of m.g em*, this
sorresponds $9 2.5 3 10" guenta per sso. porT -

b ¢ ¢ G dsaotes %ho crees sestion of $he melasule Fer sb-
gorpdion of 13ghd of this froguensy, She photochemisal $ims Hn
obtsined from the relgvlen

az. of quants per s per see, R X & ™ 13,

(6) &= X ur = 23258 ggp

(2820631@ (

The ovens neoticn may be sebimased from the 1ifedime of
the fluoresdent stavo. IZ :ﬁéa 1ifosine is Salen se T = 367°%, 18
followe ¢ = 1.18 x; &07 & - This, bowever, ig the croes pestiom
sorraspording %o the Sotal aa%m%sg o the %and gyston. If a lime
wePe vaed whieh ecntaine emly 107" of this total intensify, e
effcotive orose seetion 4s cselleor ¥y that Zaster, and ono finds

(7} & = 173 soesn.

Cemparison of thic with the figures im ocluma 8 shows $hat in thoes
soese wvhioh sonld possidly Le managed (i.s., -1 ) .08) she imtrimsie
belder ie inpigrifices?®

%he ninth coluzm combaine tho amoumt of ligquid nitrogen
needed; the tenth, 1%o price et 10 cemdts o liter,

Fhese fizures are estimates on the pessimistic side. I8
io aseumed $uat all the light eneorgy absorhed dy ithe molecules has %o
be removed by liquid nisvogem. 2L the chemisal roaotion 1e anéotberzie,
this would not ©o the cage.

The figures in ooluma 9 axd 10 are dgompuiod on tho dasis
that the hest of vapsriszaetion of 1 litor of 1iquid W, 4s 47.0
kileonlories. Celumm 3 gives the nuader of mol qusnka abeorded 12
the ¢soosde; easch mol of guonbs corresponda $o0 87.2 kilecalories.

If stho separation of the reactiom products from the bulk
of the matesrial osn be dono a% high Semperaturee oamly, more liquid
nitrogen is meeded to ocol $he maberial for ssob etep. This amounmt,
howewey, 48 smsll coppared %o ke Deatiag Gus to Light.

If 14quid hydrogon wonld have te ko used, metlera would
bscons Pathsr welfavoradle. Des to i%e low demsity, ths hes™ of
vaporisabion of one liter of liguid hydrogen 4s only 7.0 2iluuslurlss,
The gmeunte ncedod oFe given 33 Hhe laost colwa.
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Colusbia Sars Ko, 20-83-131
File Index Ha, 2.11

sppondicss

zo":

Intencifiocation of a line oconre, in the lamguage of ped-
turbation theory, dme $o the fast that e perturbisg nuelear
magactio momon$ Rizos gn allewed level witk the forbidden ome.
fhe exteont of thoe mizing io
|

By~ Bl

where Uggy ic the masrix clonend of the perterbing potential

Yebween the exeited forbiddez smd an excited alleved level of
she mslecule. Upg has the magaitade of hypexfine structurs,
aplitting about .5 s >, Tae intensifisetica due o the spiz is
Shen

o

|l e

whore L. 46 the abeorpsion cocffloicat of the fallowad? level,
Vam she*Tifrorence in enorgy Detweon "Forbidden” and Yellewad

exsited level. The fordidden line mgy stesl its inScasity from o
close 1lying sllowed lins. If ‘pg wers aboud 10 ow™t, the veek
1line gouu racelys en intensification duwe %o zuclesr spin of 2.5
x 107 of the strong 1ine. Or 1% may eteal 1ie intmaiw from a
1ine of elestrom mumber 1 Ze¥ away, gy Yo 10,000 ox™, im whiok
c2900 its intonsity may e 2.5 x 18’9 eleatron mumbers {compared o
an slectron aumber of 1C7 € ¢o 20°P computed fyom the lifetime of
the Zluorescent state for the sua of the inSensities of all

lines of the band system}.
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Columbia Sgri. Fo. 20-R-121
File Iadex No. 3.31

July 8, 1943
Appendioes
3. ,
Reduoing Fluores- Reduo-
Yzanyl Compound Agené _ Solvent Temp.  gcemce = tlen
193 Y b {
Snlfite E 2303 8280 A osk (Y]
Sulfits B 50 E SO 283 Hone Teos
2 3 s 4
Bromide B403 EPA‘ 30 Toe Yoo
B FO 193 Weak Tes
Phogpbate (caaca)a 5 4
Acotate Lactic acid Lactioc acid 193 Yoo Yae
Cryatallisoe Fone Fone 90(1) Yes
potassive uranyl
farrocyanide
Uraniws hexafluoride O0FC1~CP,C2 90 Tes
- 80 Yes
carz @012 o .
es
CFaB:' Gi'aBr
- (o}
¢z 01 OF,CF, F,01 20 | Yos
CF,01 CFG1 CFC1 03201 0 Yes

¢ Mizxture of ether ethanol and isocpentane.

4,
The accuracy in the analyses of the raslo of ths concentration
of the isotopes is wishin 0.1 to 0.2% and the przcision of this measure-

ment 1s £ 0.04%.

8. 0f the many Lsotopes of even atowlc weight and aven atonic
puabsT, all have zore spin. Of $he isotopss of 0dd atomic welght and
even siomio numbsT, all have half integval spins from 1/2 %o 8/2. Tuere
gre 21 of these izotopee.

8. -~
fyparfine s¢rusture splititings sre of the order of 0.0 om 1.
& zagnstic $ield of 10,000 gauss gives a Zseman offsoct of this magnitude.
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