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Dr. E. 0. Lawrence, 
Raaia t ion  Laboratory,  
Un ive r s i ty  of Cal i forn ia ,  
Berkeley, Celifornia. 

Deer D r .  Lawrence: 

I am enclosing herewith a Progress  Report 

by Hm?old C .  Urey da ted  November 14, 1942, which 

D r .  Urey gave you l a s t  Saturday and which y o u  asked 

hnve mailed t o  you. 

S ince re ly  yours, 

H. T. 'densel, 
Technical Aide, Sec t ion  S-1. 
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Attaohed to thle mamomndum Is a repor t  by R.  H. Crist 
on the uranyl nitrate k-ater-e-mer exchange syatem, reviewing 
b r i e f l y  the work done at  Yale, fit the Univers i ty  o f  Pennaylvanla, 
and at  tne DuPont Company. Tne work at the DuPont Gompany, 
looking t o  the large male apparatus r-ulred f o r  t h i s  work, 
~ F . B  turned o u t  very wall Indeed. A complete report  will be pre- 
pared l a te r ,  but it appears thTt e leve  p la te  oounter-aurrent 
columns crould be used to construct a p l a n t  with perhaps an Nul-  
librium time of  about 10 seoonds. Tnis  would nipan t h s t  the 
p lant  would require three or f o u r  montns tr, come to ecluilibrlum 
if it were producing material of double concentration. The 
plant  would also be very Inexpensive and c n u l d  be constrzlcted 
easily without 8 great drain on s t r a t e g i a  materiale, 

Kilpatriuk's work a t  the University of Pennsylvania 
ha: given us a grest seal of information with respect  t o  the 
analyt iual  procedures for uranyl salt a o l u t i o n e ,  and also the 

t im s of  mixtures of' etner and water so l t i t ions  of 
:%;*nfiitraPe. 

The results secured st Yale University on the fund& 
mental process are very  d i f f i c u l t  to understand. Pdelthsr I 
nor my colleagues see any way by whluh the analgt loal  result8 
can be in error. You w i l l  note from the table In D r .  (3rist*s 
report that  a l l  anrlyeea either f a l l  wlthln a few hundredtila 
of zero, with a mean d e v i a t i o n  of the  measurement^ of a few 
hundredths or e l s e  they fa11 In the neighborhood of 0.15, 
exaep t  one which is -0.23, 
nean aevis t ion .  They do not, however, ina lce tc  8s l a rge  an 
effect  as previously reporteb. 

Theee analyses care fsr outside the 

Since our previous reporta, Dr. T .  Ivan Taylor, work- 
ing at the Bureau of Standamla, has presented a r epor t  - A314 - 
covering work whlah he has done on the exchange between uranyl 
solutione and z so l i t ea .  He f l n d e  in t h i s  case t h e t  his samples 
deviate from atbindard uranium aamples by 0,8$ i n  two axperi- 
menta, and 0.4% i n  another, theee analyses having been made by 
the oounting method, That method has n o t  proved very r e l i a b l e ,  
but i t  eeems probable thst auch large dlfisrenaes BE t h l e  are 
outside the e r r o r 8  of th ie  method, Samplee are now being pre- 
pared at Yele University, to  be analyzed a t  Columbia Unlverslty 
covering these experlments. 

St %e my oonclueion a t  t h e  preaent  time thst the 
effeot; t b t  we thought we had observed in the difference of  
d is tr ibut ion oonetante o f  the lsotopio uranyl nf tratee ,  cannot 
properly be aecribed to any such difference. The experiments 
definitely show that th is  lnterpretzt lon of the differenoss 
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Ob%erVed cannot be correct, ;It may be t h a t  the differences 
are due to analgtIcR1 e r r o r s  o r  some otner unknown effeot, 
such as a photoonemioaf. e f f e c t .  Experiments are  in pr=oe;ress 
to determine whether this is tne m g e .  

In view o f  t n l e  e i t u a t i o n  I hp.va aeked Hr. Chllton 
of the DuPont Company not t o  spend money f o r  s t r a t e g i c  ma.terial8 
on the pilot plant  work u n t i l  the laborstory experiments are 
oleared up. I am ask ing  the Yale group to make aonversione of 
uranyl saraplee for  us. This technique they nave now per fec ted  
to 8 high degree and c8n convert ssmplea quiakly.  
Professor Kilpatr iak t o  finish up his work on the a n a l y t i c s l  
and a e t t l i n g  problems, Hecommends t lons  i n  regard t o  d e f i n i t e  
d i spoe f t ion  of the Pennsylvania and Yale University work will 
be made at tne next meeting of the Executlvo Committee. 

Me are asking 

Harold C. Urey 

November 13, 1942 









Report on Photoohemical Studies 

S. X .  Weissman 
David L i p k i n  

University of G a l i f o r n i a  
November 10, 1942 

In previous reports polssible methods f o r  tho photo- 

In the paet few months experiments aeeigned t o  apply 
chemical separ~tion of the uranium i eotopes  have been Bug- 
gested, 
these suggeations have been oarried out. Some 25 frac~tion6 
obtslned f r o m  theee experiments hevp been subjected to  Iso- 
topic analysis by msaaurament of their alpha and fiesion 
a c t i v i t i e s .  Bsoause of' lnoonslatencles in the anrrlyt ioa 
6Rth we aan a s  yet draw no d e f i n i t e  conclusions as to the 
aucoese of fs l lure of  these methods. However, sp arent devi- 
a t ions  fmra normal isotopio aomposltion of as hi& as 10 - 20s 
have been observed. Samples hsve been submitted f o r  IsotSp(io 
analyeis by the ma88 speetrogrephic method In order to obtain 
conflrmatlon or denlal of the poaeibllltg that iso$opic 
separdion hale been observeU. In addit ion,  a aesroh f o r  the 
Source8 of the above-mentioned deviations i s  being aontinued, 

'fhe u l t r a v i o l e t  absorption spectrum of uF6 Vapor 
haa been obtained under hlgh dlaperalan. In addition t o  the 
strong continuous absorption which s e t a  In a t  about 3300 8, 
there has been found (B e m o u n t  of  struc?tur~d absorption 
i n  the region around 
specltrura i e  being oontenplated. 

A more detailed anaZysls of  the 

As ouggeeted In  previour rpporta, cryertsle of sodium 

similar orgetale in which 

uranyl er. 

70°K. has been uoapared with thRt 
the uranium $8 praatioal ly  pure U Small difference8 i n  
the r e l a t i v e  intensitlee of cer ta in  of the weak lines appear 
In  o u r  photographs, 
i l a r  pair of rubidium uranyl nitrate c r y s t a l e .  

a t e  have been prepared i n  whieh the uranium cronsllsts 
of 10s U $!5Q The fluoresoence erpeutrum of therae orystale at 

239 

Hi'urther studies arts being made on a elm- 



During t h e  paet month Dr, Roeren of Mr. 
Murphree'e group, hae made a very  o a r e f u l  aurvey of 
the fluoro-oerbon work, b u t  I have n o t ,  beoause of 
pressure  of o t h e r  d u t i e s ,  The most important develop- 
ment i n  the f i e l b ,  however, has been the  product ion 
of l u b r l o a t l n g  m a t e r i a l s  by . d i r e c t  f l u o r i n a t i o n  prooedures, 
by Dr, o'rosae, D r ,  Cadg, and t h e i r  group. The Uireat 
f l u o r l n a t l o n  of l u b r i u a t i n g  0118 from varloua source8 ha0 
been a a r r l e d  on, w i t h  the product ion of 8 Oon8lUerable 
v a r i e t y  of groduuts. Lubriont lng 0118 from d l f f e r e n t  
orude materials give q u i t e  d i f f e r e n t  fluorooa8rbon aom- 
pounds, Perhape the most important observa t ion ,  however, 
is that regaruese of the aouroe of t h e  m t a r i a l  and t he  
melt ing poln te  or  t h e  producte, t h e  v i s o o s l t y  of f luo ro -  
oarbons of t he  earnib b o i l i n g  po in t  is t h e  8 m e ,  Thle 
makea i t  lmpoeslble t o  s e l e a t  v i suoe i tg  and v o l a t i l i t y  of 
the  oompounda independently, 

A prel iminary eurvey would i n d i c a t e  t h a t  
suitable lUbri08.nt6 for uae in the d i f f u 6 l o n  p l a n t  aern be 
seoured, but t ha t  i t  i a  very doubtful whether mitable  
lubriamts f o r  the aentrifuge p l a n t  o m  be obtained, 

The above are t e n t a t i v e  oonaluaions which may 
be modified by future experimente. 

IG THE 

ION Pii 
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The Produotion of Volatile Uranium Compounds 

Earold c. Urey 
Sept.  26, 1942 

Prof. Bohlesinger of Chiuago is now preparing 
about 20 grams of the  uranium t e t r i d e  and samples of thle 
material vi11 be sent t o  Columbia for t e s t  on dfffualon 
appa ra tus  t o  see whether they are stable under these oon- 
d i t i o n s .  Prof. Sohles inger ' s  experimental  work lndlaatea 
continued s t a b i l i t y  in t h e  neighborhood of 7 5 0 ,  w i t h  
appa ren t ly  only a emall deoompoeition a t  the beginning of 
the t e ~ t .  These teRte were made i n  glass. N O  information 
in regard t o  the a t a b i l i t y  In metals is yet available. 
The method of prepara t ion  I s  s t i l l  irnpraotloal for large 
scale produation. 
~ O W ~ Y ~ C .  The most hopeful  seem8 t o  be the u8e of lithium 
hydr ide  and the boron tr imethyloxy compounds t o  produoe 
l i t h i u m  borohydride and l i t h i u m  methylate d l r e o t l y .  
source of the hydrogen In thla oase I s  the hydrogen of the 
l i t h i u m  hydride. Diffloulty has been enaountered i n  g e t t i n g  
l i t h i u m  hydride beoause of i t s  ex tens ive  uae  by the Army. 

Progress 16 being made with o t h e r  methods, 

The 

Xt would aeem t o  me that wi th in  the next month 
we 8 b l l  have rather d e f i n i t e  Information a8 t o  whether 
these conpounds aan con t r ibu te  anyth ing  of lmportanoe t o  
our program, 



The University of Chicago 
Department of Chemistry 

Hovember '3, 1942 

Professor SI. C. Urey 
Columbia University 
New York City 

& *  

Dear Yrafseeor Urey: 

our project comes up f o r  reconelderf i t ion  by t 3 e  K.C.F.C., to propoae 
that it be extended In some form beyon& Its present expiration date 
(February 22, 1843), I om taking t h e  l iberlS; of summarizing our  dis- 
ousslon of the ar-guaente ir! tkvor of' euch an pcticrn: 

In view of your statement last Saturday that you intend, when 

(1) All doubts concrepning the feasibility of produalng uranium 
borohydride in quantity have been rernitveC by the development of new, 
s i ~ l p l i f i e d  methocis of prsporlng eiborece ccd borokydridee. 

(2)  The compound Eiaeti n o t  8eem t o  be a.f-'fected by or t o  act 
upon m i l d  s t ee l ,  thus avoiding the ne3aeRcity of using expenalve spdcrlal 
steel0 now In d e m m d  f o r  u thsr  war  p u r w F e G ,  

( 3 )  For. pr.ocaeaes f o r  which r e i i a t l v e l y  low pressures and 
correspondlngly law tempemturee (500 - 55W, might be adequate, %he 
substance 3.8 unquetitfGriatly tiuZfioient3.y atrrble. 

( 4 )  Decmposit ion has been more extensive than desirable at 
temperatures above 6OOC., Cut there are numerous indieations that the 
obaerved decumposit iai  may be due t o  t h e  e f f e c t  of gftiss surtaaes or t o  
traces of impurltiee, We are now working on the elimination Of both 
poesible aause8 of decomposition. 

hydride, in the quantities needed for rapid expansion of' our work, we 
have started our eearoh for derlvatives whiah might be inherently mare 
stable or more v o l a t i l e  than the borohydride Il$eellt. 

( 5 )  Nov t b t  we have developed methode of obtaining the bw0- 

(6) Preliminary 1nveafigatl.ans oarried out  I n  cooperation with 
the Metsllurglcal Projeot indicrrite that there l a  a poeslbllity that the 
borohydride may be very valuabXe in o v e m m i n g  certain dLfflCUlti86 that 
have been encountered by t ha t  group, 

its d e r i v a t i v e s  have very conalderable  prospects of suoc988. Rut even if 
i t  should prove des lrab le  t o  atart t j i th  the hexafluoride, the borohydride 
poss . lGi f l t i e s  should still be explored in a r d e r  t o  have a seoond pro- 
cedure, should a t  present u m x p c t e a  o b s t a c l ~ f i  t o  the use of the f luoride  
appear dur11-1~; t h e  course of itti future 6evelopwent. 

(7) F'rom the preceding it is obvFous that the borohydride Qr 
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P r o f .  H. C;. Ureg 
11/9/42 -2- 

In thie connection, two p o i n t s  should be seriouely oonsidered; 

(a) Before the expiration of our present contraot re Shall have 
completed our work on the s l r n p l i f l ~ a t i o n  of preparative methodfl. Further- 
more, we sh~fl have trained a group of younger men t o  replace those loaned 
t o  UE by Indust ry ;  when the l a t t e r  return to t h e i r  f o m a r  pos;ltlona, the 
younger men can take over at lese cost  t o  the projeot. For these 

' reaBons, we would expect to proueea w i t h  R somewhat smaller and consider- 
ably l e e s  expensive group. A SIX nnonths' 8Xtfm~310n indequ8ts for the 
purpose oould be finanoed by from $$40,000 t o  $;50,000, or perhaps even 
l e a s ,  depending on t h e  unexpended balanue of the pregent appropriation. 

(b) Should the work not be oontinued, 8. group trained with 
uonsiderable difficulty t o  thie very epeaialited work would have t o  be 
dlsbanded. There would be a tremendous 1088 of time I n  reassembling and 
retraining another  group should It l a t e r  be decided t o  take up the 
borohydride s tudies  once more. 

For these reason8, a L I ~ X  wonthe' extaneion, whioh would 
probably enable 116 to aomplete the  work, 18 ooneldered extremely 
de E 1 rabl e. 

I hope this resume will be of value t o  you In presenting the 
matter t o  the Committee. 

Sincerely, 


