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NOTICE

THE BEST COPIES OBTAINABLE ARE
INCLUDED IN THE REPRODUCTION
OF THE FILE. PAGES INCLUDED
THAT ARE BLURRED, LIGHT OR
OTHERWISE DIFFICULT TO READ
ARE THE RESULT OF THE CONDITION
AND OR COLOR OF THE ORIGINALS
PROVIDED. THESE ARE THE BEST
COPIES AVAILABLE.
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: /Oﬁ?ce Meﬂ O ium « UNITED _ 7. 'GOVERNMENT
E ° m:mctor, ¥FBI L EC | u\u. DATE; Beptember 19, 1949
H N cu
L g TIOM ¢ BAC, New T D FIELD O e —4,_2,:0//
! ﬂ 5 CT: ABRAHAM BHRO SIPZ FOR 1P{3) T o g :
~% SECUHITY MA @} CLASSIFICATION \ W '
ﬁg_ : -, | Acrrou —_—

idhittiimac, .

nade to the enclosed report of 84 FRANCIS J. GALIANT, dated
at New York City, in the above entitled case, five copies of
herewlth. .

Beference
sopt-ber 1%, 1949,
which are anoloud,

The mruu'n attention is directed to the ui‘onation set out on the Ad- Ll
ministrative Page of the above report. This information is ipgiuded {n accordance
with Bursau letter dated Lugult 15, 1949 in‘the oasg

In the above mentioned letter, untion .'a madé of Ohely
slieved that this individual is poaaibl;y identical wit
the subject of a Fraud inst the Oo ,‘_

eau F:I.le Ab-ﬂm eourﬁb% vrﬂtigation it was ascerta¥hed '

2
thnt the sub]ect, BROTHMAN, associated with one "aYHUR PHINEQ\WEER porfom:\.ng )
certain consulting engineering services for IKILIG “lk) bv

g It will be noted that HEILIG was 1ndiotad in the fraud case, pleaded
4 goilty, and was fined in additien to a Jail sentence. ARTHUR P. WEEER was not
" indicted in this investigation. However, he gave information which assisted in

S the investigation. ) (

-

The investigation of BROTHMAN is being contimed to uf) I
tacte during the period of October, 1944, in order to identi oned
in the Buresu letter of August 15, 19{9. In this conmnection, &0 ration is
being given to interview ARTHUR PNJEEER in view of the fact thgt he has been
closely associated with BROTHMAN ng the period 1940 to 1943.4nd a} the pre-
sent time is not on friendly terms with BROMN.

’r/ The .bova is being sulmitted for the information of the Bareau. 4“’
o . ¢ ’//-
| '6‘0’;,.;.. (5) NG o -
N < } . - o
.1‘13 Ialhington Fiold (2 encs.) (*;/
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6/15/37. amau Q-08 A ‘*'5 2N
' A2nd BtTe "Bnmmido Long Ialande At-.. :-
; tended achooh in NYC; graduated colnhth_ ‘
Ep.0 ;) . University with Chemical Engineering De= ol v
Ay v 4 $,~ oo Formerly employed by Hendrick Mamu= - 7. O
T cturing Co,) also Mice-President of Chesurgy : - §
.o Pesign Corp. ently camducts own ongln-s '
fa e ooringbnaimunndormmunmn-oth-
. < =an and Assoclates. Bubject sssoclated in .
" business with known Communists. Also signed .—
TTTTTNI 1942 CP Komineting Petition. "ELYZABETH T o —
has alleged that BROTHMAN engaged B

AE RS 7y Ve T ; in Communist espionage apparatus in 1940, §£ ¢

~ 1'13&;: g&m‘m Investigation indicated that subject assowlj
7BECEPT WHERE SHomy . clates with known Communiste and glso has ot f. i3
TKERAISE, . 2" solicited business from the Russian Govern-E ¢ ;'
%3 - .ment. FHas been engaged in engineering > ? ol
. “Wwork Yor the (hinese Goverpment and donl- 223
spuent of plant in Palestine. Besults of ;‘ oy
.- ‘physical surveillance and information re- =

 osived from confidential scurces set ferth
indicating BROTHMAN'S sesretary is a knom
CP member and that EROTHMAN frequently asso-
oistes with Cammmnists, or indi al-
leged to be cmgeai.n espionage
AN, &ﬁ Or

, aPea
- ; ftiuign Indeffmee TS - wiet
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tter r;m nshzngton Field 3/22/49. e

4 b

; ’mom o Jue %.51; 193’1’&? t 3108 42nd Btreet, Suncy 1- "

S lh sen resides s e ' _ )

-Als0 resi mh HROTRMAN is bis mothsr-in-lsw, lr:. CleL
“father, HAREY ides at 1565 m.nd Avenuva, Hu York, with

i oist.r Nrs mm . BROTHMAN ua aduecud at tht Johp: ..

- Winthrop nmntu-: 8chool ) Dol tt on Bgh Bohool, and Columbia Uaivercity

;_where he specialized in ncoounhncy ud ehanical ongin»r:l.ng. "
$he ehu of- }933.\14] ~r,,"f %

.7,

mm'w was tomcrl;y emplayed ty the &ndri.uk hmfuturing ‘Company,
'30 Chunh Str»t, ¥ew York City, -and left this ‘organisation in July, 1942 and .
_.becans’ neo-Pusidont of ‘the Chemurgy Design Corporation, ‘420 I.ax:l.ngton Annu.
- This ‘organisation was Ancorporated in July, 1942 in Conhecticut gnd are the ' _
7 operators of a chemical engineering end mmfacturing concern, BEOTHMAN PO LT
.ignad frae this er ganisstion on August 15, 1944 and organized the fim of - e
_Abrshem Brothman and Associates with offices in Rom 1606, 114 Bast 32nd Stmt.
Bo was (hief Engineer of this fimm which, during the war, were apgaged in con~ .. -
sulting engineering work for several indnstrial concerns. In Septenber, 1946, e
. BROTHMAN moved his offices in this above address to 2928 41st Avenus, Long: Ic o5

“land City, He also maintains the Abrahsm’ &'otlnn.n and .uaochtu kboratury
- gt 8503 $7th Anm, ll-hnrst, Long Iahnd Q(] o o

,'nu ‘aﬁon or

. ti.on :l.a omgod 4n -ork particmrh'tor; tho rollo-

‘- \‘,
3

= N ﬂ'idsowrt Brass Ganpm. Bridmort{_co nectiout, mmcmm ]
Aw -»--of uroaol  bombs for the Arnod an; ; R WO .
2. iho Gnm“‘hnk >&lmfac i G
O ~.of DDT Water Treating for the

" of the United statoc, it




oty s stated tat in abos i, 16, mtl
uh-oducod her o one ARRVEROTHMAN, who at that time m aan g T

" Sew York, and who wgs employed at ’ﬂ:o bpubuc Bteel " cgpuv in Pittaburgh, " »

_Pennsylvania, as sn engineer. ter she et thts 1ndividusl, be told her tlnt

. he wanted to bave scme blusprigts copies and give the copiuto(m.mlhonl

U ddentified as a known Boﬂ.ot piomage agent | oriw iy

f ‘h«m muqth.t s';:"-'a‘maéru m»xmoummezg
' !’all of 1940 she had met EROTHMAN abéut ten.times to obtain hlueprinis from 3
. hdm. Un other occasions, BROTHMUAN wes contacted by GOLOS.” Thess meetings fre- !

‘. . “"quently took place in front of the Moslu Safe Company, 32nd Street and Fifih 3

-wi__Avenue, New York City. . BROTHMAN would meet BENTLEY and they would usually: g - i
to dinner, end during the course of the meal he would turn over these blueprints. :
FENTLEY recalled that on many occasions the prints that he gave her were coples
that had been made from originsls; however, it would be nscessary on occasions

Lo - 2o $0-take originals and have copiss made from them.- -She would then give

00108 the copiu and return the origlnalz to momml\u’ _

' !’ o Sometime during these tinga, BENTLEY learned from either SROTHMAN

g GOLOY thet these plueprints were of commercial kettles, fhich she undoratood
be same kind of a commercisl ut. Sometime during the Fall of 1940 GOLOS -

told EENTLEY that he was boeming somewhat disgusted in bis dealings with )

.. . BROTHMAN, and told her thdt he was going to turn him over to someone else.

She hae never learned from GOLOS, or amyone olu, to whoa GOLOS directed mmnn

A photogmph of BROTHMAN was obteined trm the *Colunbian®, 1933 !ur
Jook fram Columbis University. This photograph was exhibited to ELIZAFETH T, .
FENTLEY and she was able to identify this photogrsph as the person she had met ~
... on several occasions in 1940 as ABRAHMI BROTHMAN who had n:rniahod blueprints P
f ‘~§o her and .ncoa eoms‘a A A SR O S S

. - 3 ‘. T O T
R gen:u-.s ‘of Lgvoatiggtion 1&; o ,\.Vi’; - ‘\ o A »} i'_; \
NS a"-' R R physical surveillance was ‘instituted on mmx on !ovomber 28, }
Lty - = —~1945 nnd continued until Decembsr 28, 1945.  In the tonrss of this surveillanod
AR BROTEMAN was found to spend a great desl of his time in comnection with the
activities of his business, Abrahsm Rrothman and Associates. He was observed
almost daily going to his laboratory at 8503 58th Avenue, Elmhurst, and his

office at 114 East 32nd Strest, New York City ZA\

R ' 1. v




- Y 200-95068 wi
: Mﬁwmwwmm‘x«-m)f et s ol -u..-g,-..» < Mrm n-;rwu«' *-w ) ‘
> " BROTIMAN was otesrved in the company of his secreisry on mmercus -
oeeuim. His secretary is ONI1Z who resides at XS4 Bighth Aves.
“moe, Bew York City. From his asso on with his secretary, it was indicated ;-

ulv occasions with m hna- -ployon at the laboratory, and also his part-
oftmnmm(u

R mnueuhcm,ml&mm'uoborndhmmofu_g.‘
i nmmmmwmatmnmumw. Bew York City, who was
S dsterained to be connected uth t.ln hlgiu o:-iuion .ttuhod vs.th the

.tmmsm.t,h!orkmw. lomchooborudonoﬁurocunou
‘daving lanch or dimer with XRoK. AL - - .. | |

- LT

- whon he picked uwp st the Essex House, New York av.(u(\

. On December 28, 1945 BROTHMAN, acoompanied by MIRIAN MARKONIIZ, met
an unknown man at 10300 P. M, at the Russian Tearocs on West 57th Street, New
- York City. Tis individual was later idemtified as HA VIN of 510 West -
112th Street, Nov York City. He was found to be comnecte th the Histrandt ,
Palestine nraunuon which was tonndod for the purpcu o: uuu Jovuh .
pooph u Palestine. & \ s f - . . 5

A

mm-unungqmmmmnmm-mmm

dye powder. MICHEL, mentioned here, 15 believed fdenticel with the {ndividusl
mentionsd in covtact with BROTHMAY on December 10, 1545 as set farth in the .
_ sesults of physical surveillance, This ssme inforsant advised that MI ws
 lsaving for Balgimm on September 17, 1945 and his address would be R, V,\
mrmuamnemammm,&.mmm.,m

S

> A ‘unt ong
"% anos,  an unknown amount, utobunntothonbjoctuponuuiptatauport
oconcerning chemical processes. k)

i
Confidentigl Informant T-1 stated that on December 20, 191.5, an mu-
vidual by the name mcu: (phonetic) of the American~Bussisn Institute, \]

“ that be might bs having an gffair with here BROTHMAN wes also observed om: - f-z :
nr, ’KO t Farty sasber Iho -m bo htu' lent:lonod “

i mmn.xmmmummaummo:mm

mwmmoohurndonhma 19L5nthnmn-n~ |

' Conf1destis) Iaformant %1, of known uiumm, bas adviced Wat -
als to MICHEL in Belgimm }y madl. He oontemplated sending glue solution and .

R o ety
cut ,; ¢
N#-&'Ds\ ingrendl

. A P Lt Py ‘-,1 ..'nv’,_‘z - .i“.-,'».- LR
. %,5.‘" T ) *’;-- - L x e

b4 - sane ixformant | Abat the subject maintained a Jolnt h.nk
- LR aeoaut inh and C, B» has also received §5,000 1a part pay- ;" -
.y cal plexiglas and other processes. ‘nuhnl--'-- '

L
IS
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2 : 03 'Lho : TIMAN bas Dean fo¥at- j
4ng ‘Sonsiderable time to a- prdisct’ for- the Chinese interests, It -is bteliéved: -
“"that this refers to the Cosmission of Asronautical Affalfs of the Respublic of -
_Chios which is listed as & ouont of the aub)oot'- m- uth m. be las the

}5; ;omm.eomt (u..\ e e i i . o
S g same vnforaant advised oo Decesber 24, 1945 that TROTHMAN had .
lunoh 'if-h Do\ who belongs to a political group in whioch BROTHMAN ~ 3

,l " 'may became ac BROTEMAN has stated that BLUMENFELD and Dr \NEITZNAN (phon~ -4
v ’—\ dtic) httor 'i1s staying at _ihe Basex House;-are »ot ®Jabotlmsici-ites®y. - %
' above latter §ndividyal is beliewed to be identical ywa e mun PROTHN
ut ;Lbo sex Houao ,; Dacenber 22, 19454 {111 ¥ b 3\! 4 v il

" on Dacember 25, 1945, this informant advised that D¢, EUEWED - L

_desired BROTHMAN to come to his home at 322 Nest 72nd Street, Apartaent 6-B, . )

"BROTHMAN accepted this invitation and expected to go to IEITZ}:!LN'S hare with
Dr. BUUMENFELD. \‘n,l

N  Confidentisl Informant T-1 on December 29, 1945. admod that BROTHMAN -
- had decided mot to attenuxho NKew Mgaszes' Ball on New Iear'o Eve becauso he bad
h«n sick with the ﬂu.L

%_ \ confidentiﬂ. Infmant\ﬁ-l advis d‘\ut mo'mm;\u Y ‘uggt 2m .F
Jmuary A1, 1945 to Janusry 14, 1945 of FRED at his fira in Kingston, - X,

“'~ New York, BRIBHL is a mell kn Communist’sXd will be mentionsd later in
' the douih of this roportk e

*  This same informant stgted that FROTHMAN advised Mr. BOWEN of the .
Bowsn Bngineering Company o ood, New Jersey, that be was developing resins
for the Chinese Govermment.(U . .
g On January 16, 1945, Confidential Informant T-l advised that SEILL®
4 « ~- ‘HROWDER made an attempt to comtact FROTHMAN to interest him in "Distributor's .
e I { } Guida' ‘ puhlic.tion.vl.\ R _3- ¥ ;} \\ _ g : :.. /}
- R _J‘ ;’ - NS T\ i ?
A I Do March 28, 1946, the seme ' {nformant advised that FROTHRUN was eon-
e T ,;-; % .sidering an offer ginn t0 him Yy the Kaiser Corporstion which comsisted of - -
G "”—* three means by which he might accept association or employment-with the cor——— -
poration. He was offered a position on a straight sslary basis, or the Kasiser
Corporation would take over Abraham Brothman and Associatés , or go to work
for the Kaiser Corporation as a consultant engineer and retain his ocwn bua:l.neaa.'u]

mu, N




— o s

o .._.‘c WW&W =5 tﬁ“'w‘sw*rwmwﬂm-wrww s J':‘--' T

et v }‘,:: On Jamuary 22" 1946, Contidentia) Infarmant T-1 .dv.ma Thet an anai-
" NS r"T=4l1c!n:1 identified only u MILLY was in contect with MIRTAM MAEKOWITZ, secretary . °
] e T‘o SROTEMAN, and esked her if ahe was doing anything to better herself as »
+%:¥ 7 Conmunist Party meaber. ~MILLY stated that MIRIAM had no excuse now since she -
v . 40.- not ieve to worry.about her boss. MILLY stated that she shonld ‘mnﬁ
. ber work so toat ahe a7 sttend olub mestings sod assist on pieket lines { J

--;p o "—%,' E

Y

Oonﬁ.dontul omnt r-1 Ina ndr.hod thnt u-mmun hu hun ,'m i"
con'hct with BERNARD Op » Associate Professor in Mathemgtics at Colmb:h

Univoraity. BROTHMAN 1s liowd to be working on a mathematical formuls uth
- KOOPMAN, KOOPMAN was roaiding tﬁpo at tha Iing- crwn ﬂotol, 420 'nt

llbth Stroot. m\k “:’:? :' "

Ter Ty e i -.-.e ~
‘» {n 2 ; ‘_,:‘ s :‘~,~= . AT
,,,,, - e

; , m htmm-y n, 191.6 thh m«nant adviud that ’GDS, vho u holiend
1&::1’-1“1 with GERHART WOLIAN, a Subject in an investigation at the New York A7
~ Office and an associate of BROTHMAKN'S, had made his ®point® at a meeting which -

. -~4n€luded his club president and ucticn a:rganinr, cnd that they would take 1t
1 - wp with the nction ‘comittes. !E{,)
‘~.~¢»‘g'-\.r*‘/ -
' On llaroh 5, 1946 Confidential Infarunt %-1 advised that BROTHMAN
' eontccted an individual ddentified as GERTRUIE gnd they discussed a speech by
- WINSTON CHURCHILL. GERTRUDE attacked the speech as Fascist propegands. FROTHMAN G
-+ .. stated, in the presence of the informant, that a1l this is sound and fury 4n - '*'Jl--i* :
t." Conada and the United States. Throughout the capitalist world today is fall - i
. .knowledge that they ococuld not engage a war with the Soviet Union, Their own - s s
J-- population would mot follow them. The world is on fire. The preatige of mn— IR
"t 7 dea and the British Bapire is fallen 8o cheaply within recent weeks, . Tt hag TiEile
4 .. besn @0 tlearly described that thead tr:l,u are ont for tho lolo pnrpou e
oromhﬂ.ngthoreatofthc'orld.@n - *, . i
o : ' Confidential Informant T-1 admod that 1n July, 1946 Bm'rmn wag s
ot contiming kis business at 114 Ksst 32nd Street, and eontiming work for the ° ».: iﬁﬁ‘-"-.;
- . Chinese Govermment in the development of g type resin, :This informant stated
., - that concerning this matter, Mr. WAN (phonetic) had contacted FBROTHMAN sbout ":-_’~ L
QRS rcport be desired. o July 8, 1945 WAN stated to FROTRAY, 4n the presence "
Vs, Of We informant, that he wanted a- port in om:- thnt m. :
e ‘f-_i-tic) night rocoin :I.t /&8 s0on as pou:l.hlo. \. O

oy g

¢ ga
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>, . v.—_...,..\., g A8 e et v
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TR m Jm 18, 1946, omﬁ.dontm Intonut ™1
at apted to contact EROTHMAN, who was unavailable, -

MAGO, BROTHMAN'S associate, who advised LACATER that the noeting with -

phonetic) was off, but they would meet Iater gt '
scuss e Soviet Ruseisd proposal !(A.) at EROTHAN'S office to

advised uut ono num !
- Howewer, ‘he ‘contacted o -‘- ;

Oo July 9, 1946, this informant stated that JULES KORIHIEN, associate
of mmn, bad contacted a Mr, NEDLEMAN (phonetic) at amtorg. xoaamu -t.mv\



: 3.3 E',:!'JS";@?»."’:. RSN
= o = v - -5 Eaatl
5}-.' By ‘ A RS ’..'h;,,' _»”;J;"_.A,".." -.*,-‘. Y.
' e kel R
ze )“ I~ \;. P AL “ P

: $o. MBI :.n ifu puunoo :: thoh::nfomnt th':glrn Aiould - e ¥
acot APRAFAN BROTHMAN inasiuch sg be was involved 4in sams work, anc
Santed NETILEMAN !-o_;_gﬁgénu %i‘gﬁg‘t& lﬂlo ";‘) 1"17{5.:.
Fo A AT (AR SR ‘
!hhuloint ormant_advised ‘on -Tuly 16, 1946 th;t mom was :t-
Mtoalrol.l SSELIN in Chicago, :Ilinois. - mssmnu
be identical with e bssd of the Graver: “Tank Manufacturing cu-
cagoe
| that

-’4‘

:*0n_this same’ date, EROTHMAN ocontacted a ¥ XSPRINGER and :"»"
t be had 4" oontuct ﬂth the U.8.8.B. in which' he believed that =
asntionsd proviongly, would be 1ntoresud. srmm tu roqmtod
gnd hw h:la nontnct mo'rmun }

M v :3:‘7 . t __':' ; “““.'.' 5 Ar :

: R sane womnt udviaed that ‘on .lngunt ‘7, 1946, momn hd roo "
RIS )eoivod s lotter addressed to himself from the Govermment Purchasing Commission’.
+“£ T of the Boviet Union. - Jhe pontents of this letter advised that FROTHUN'S prom
w7 posals concerning the vitamin plant. had been sent to other clisnts abr. and SR

that t.hoy ronld adviu mmnn Ihen they had hea.rd trm tho;o cn.m

I ' informant advisod that & Dr. EDGAR GIMARZ, o Prenchmm, ,
o ‘was interested in ohuiniug Mmation tron BROTHI!AN co aorning ongineering 2
X o . ] Oblmo u\__':: :‘-‘r{' P \’ . . h_,_ L a"n‘—_ ),‘~\. .. ‘f‘ RN '!.Q.TA‘ ‘j.. -y ‘U 7
“-; ;;1;'11:"“._&:-'; N ‘0'15."& s b 4 AT T ."“'\4‘:-; ;'~ BRG ,' o '__ -
m Angust 16 1946 th:l.s infomnt '!'-1, ‘advised that C. - ‘ (phob— Lo

otic) iu preparing a check for BROTHMAN and requested that EROTHUN hit
."-his’ report to him. . WHAN ‘advised EROTHMAN that Mgjor CHEN had returned to .:;
' Yiashington, D €, -This is beliaved to ‘goncern the Iork haing perfomd tw
?‘Aa,mmm Ior tho (N.neu Bommcnt. SRR FON MR . -
L2, PR wr e 2k
ot (h hguat 19, 1946, cont:ldontm Intomnt 1!-1 adviud that W. L
u usoehtion with JULES KORCHIEN, was working ‘on a prgject for the World - .s'-- oL
" ".Jourists, Incorporated, which consisted of renowating their offices, This ‘'-
ssne informant advised that EROTHMAN held & conference with U. -TVERIANOVICH ' S
- Af Antorg. BROTHMAN advised that he was making a detailed analysis of ‘the

 vitamin eysthents and do:irod t0 diacuss  the matter further with mmovmiw\
. g ._‘ o) ”' . '3' ;- "'\.".‘f.. ,

;‘,lpdf SIS confidontid Intomnh !bl Advind tlnt EUI'MN 'n h the prdéou B i .1 o :
of mpving'his office fram 114 East 72nd Street, New York City, %o the Ghathm-« 3
nix Poilding; ‘2928 41st Avenue, Long Island City, telephone mumber Ironside .-
*‘36-5551. “Concerning this, 1t 1s known that JULES KORCHIEN, BROTHMAN'S asso- ..

“v!glate, will contimue to occupy the premises at 114 East 32nd Street. It 4s
" understood that KCRCHIEN is to draw no salary from the firm of Abraham Brothman
and Associates, and that he intiends to obtain his work, and if the projoctu
were large enough, BROTHMAN would wark with hil.LT

)n‘--. "
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T
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. %0 oow and wgs rcp ce b ;

\ »in Modoow," s wo 5 e q lonp tﬁnt “SROTHMAR hed
 to, mimnnoua.aundmr“ﬁ.mmoummmm o

‘tat he had not rocoind uq answers tra laccw smd - 7,

o ity same tafarsant sdvised th.t"mo:mx,' |
cpont Py vnk at BROTHMAN'S susmer puco loutod at (hk hm and !nrnnce Dock e
iond, Puhkﬂ.l, l-w Iork. (u,\ Tem SR EY s

m _ . .fhis ‘sane i.nfonn vl.ud %ha*: ,mo!mml I‘t-ndea a ?m:.gn Poncy %

.1 ‘speeah Yy HENEY WALLACE on September:12, 19k6 at $he Madlson Square Garden, = .
. _BROTBMAN stated in the presence of the informant cencerning this speech that . P

- he ‘Daver saw anyone make such a bdg focl of himself as WALIACE had gt the meet-

ing.  In connection with this above speech, on September 20, 1946 MIRIAM NABKOWITZ,

. BROTBUN'S secretary, sent a telegram to President TRUMAN eriticiving the ows ter

of WALLACE, and also sent a telegram to WALLACE urging him to hesd a third

party. Both of these telegrams were signed by BROTHMAN. L)

-+ -Confidential Informant %2, of kmown reliability, advised of certain
plans thet BROTHMAN was working upon at his office. This informant advised -
that BROTHMAR had a report which was headed ®Progress Report on Palestine®.
and described the proposed set-up for.a plsnt to kanufacture YT whieh il 3
" be suitably for the ma acture of petn DOT, nitrecellulose, mtrog]noriu, SRR
nitric .e;.a prodneuon, Iaoquer and sliqd resins.” On page thrée of this re-
port it is indicated that the satablishment of a INT plant was already planned,
but in order to shield this operation, other plants were to be operated jointly.
A5 a result, s DOT and alkyd resin plant wors also addeds U]

L

C b gt
sy
. "ﬂmh’-‘"’f .

!'hismfomnt.hoo vodatonpagoreportlvom'aﬁion»
mamfacture of hydrogen-cianide.|V ‘ o
< This informant advised there wers alao preunt other roportc o.f L -
. ,rtcehn.iul mture. Thers was also observed Jgta concerning the manufacture of
‘{ .0OT 'y a plant to be located in France, This dats was to h.‘m-niehod to ne.
> \Emﬁ SCHEARZ, Ste. cmocm Ghimi, Pari:, ?nm.L% e :

',.'ﬁw;' L X lottcr oﬁo by %ho informant to the Gommnt Pa.rchu:lng
Z _ . Comission of Russia in the United States, there appésred to be a quantity
plant performenoes. However, no reference was made to any particular plant. W)

Confidentisl Informant T-3, of kmown relisbility, advised that on
Ootober 29, 1946, BROTHMAN contscted Mr. NEDLEMAN of Amtorg in an attempt to
got & hold of TREDANOVICHs On October 30, 1946, this same informgnt advised
thet EROTHMAN was in contact with NEDLEMAN at which time NEDLEMAN advised thﬁ&u)

-8~ TU:\EL?Rrr



&nisovic -knm bont thu |1tnati know abont 1t d.l ﬁe 1ime, dau
oy on to ).:?I'.lon. NEDLEMAN m?itatea that ‘the ®thing was sent over
otrpngut mmnﬂatiom' and that mmnca's final word wgs
' o s would sée EROTHMAN ®over there®, It was not knomn 'hether =
going to Rissis, or Whether FROTHMAN intendsd to meet hiw over .
!h.re was’po :l.ndicction that. FROTHMAN had punl to léame Vlu' :

L. e

Eﬁ

et conﬂ.dontnl lnfonant :-2 had sdvised thnt mommu has eonti.mod

’-)us gct.tviti.u in the develorment of plastics and has Yeen working with 3 -

~.Chiness kiicim a8 Mr, WAN (phonstic), believed to be a smember of thé Chinese -

: ';@nrebuing Commission, presently in- ‘the United States attexpting %0 danlop
hdn!hi(l pmjoctl Ihicb m tohe oyerltod 1n tho Unitod Btatas tor .tbo
. u‘ ‘ - Ay, ‘ ; ,\ :

A ..?J‘

. : r;dvised that tbp cubject'a lecrehry, u n
,‘;eonfonnco with ons GARAVITO ¥n the presence of ‘the informa zt, stated that - R
_l PROTHMAN and his associates were being asked to do a ‘plant for a' concern :ln oyt

India and that GARAVITO'S lervicos 'ero dpairod l:u' thun. (IBAVITO is haliovod
to bo s ahipping :gont. tu - _ ,

R Ounﬁ.denml Inronant !'-3 has adv:lud tmt RZOTHELN lnn beon :l.n con- -
tcct ﬂth HARRWIEVINE of the Commonwealth Flastics Corporation, Leominster, S

N Iauaehusotu sevaral occasions, in regard to the development of .'mdustrhl .
. projeota Lor a ‘Chinese known as Mr. WAN. . This same inforwant edvised that o Se e
.+~ January 29, 1947 it appeared that nogotntiou with LEVINE cotcerning the .. ' . .°
.. Chinese matter were definitely troken off, This same informant advised on .

" February ‘5, 1947 that Mr. WONG, a Cainese, advised BROTHMAN that ‘they wers’ .,,'
diuatiatiod with the terms of his contract; honnr, would be !ﬂling to -
. ‘negotiste Af he lowered his terms. -
. 0Us8 tho uttor ':lth tho minuo.(u ‘ s

A TYY

T E8 ‘l'hin sane :I.nfor-nnt advised that ‘E?DTM had'ﬂcqivud a ublo trm -=:—}.f"'-f" ;
it Indi; i.ndicati.ng a ntnct had. bun ;1gnod, nnd that ﬁmy n:u und tho ﬁrst
3 munt of w,ooo.( I TRt

. i 4-/‘. . . N . -
. '_!hia “same infamnt, at a htcr date ltahd that QS 000 hnd beon ro-; PO
: phic nsfer through the !htioml City Bank, Long Island City, | °© ;
*',to BROTRMAN from IETIE® in Bombey, India.- It is moted that Bombay Cblor:l.m N
l’;gdncto L_td. s lu an.lding, hhy, Indj.a, has been in contnct with momml
- . - _‘ vy’ ") o . ,\.

‘w-l‘-‘r T .. ' :
o 3&% e Confidential Tnformant 1.3 advised st MTRIAN NARKONTHZ somiected ’ \ '

N 1.,

“‘

Jefferson School of Social Bcience concerning tickets for a school dinner
. for which BROTHMAN had mede reserwations. This was on hbrun; 21, 1947, This
same informant on March 13, 1647 sdvised that BROTHMAN, in the presence of the °
informant, spoke to QSCAR WAGO in a dispa.ngi.ng manner concorning Prouident.'akaj

-5-T0
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?“Fr’tr(

!i l\% folv‘.n-*“ )

_.‘.1 o Oonﬁ.dnn’bhl Infomnt 1-3 adviud thnt wTRIAM NARKONITZ was apu
C conturting VEDLRMAN concerning an autamobtile sccident. This same informant nd-
2 vised that MIRIAM MARKOWITZ and NEDLEMAN, in the presence of the inforsant, dis-
- - cussed the 1a8t business ventures of Atrahsm Brothman and Associstes. MARKOWITZ
sdvised that *the LEVINE deal®, mentioned above concerning ths Chinese, had .
" fallen through, but that the mr business in India i3 Sgoing along nicely®. : '_t
' ;. HEDLEMAN appeared interested in the activities of BROTHMAN, - MARXOWI uho Ly
e '-'--:_;’f ccimented ¢oncerning Dr. POM who 4s ‘beliewved identicel with Dr. JACO
fi.0% who was visiting this country in July, 1946 and February, 1947, He is belisved j
-- %0 be a Polish Jew engaged in the manufacture of esinhghdd,lndhd 3
huu m oonhct tith mw eoncox;n:l.ng pheﬁu » _& o
- It "1.1.1 h noted here that this inforaant tdﬁaed that mmnm) WIS
an associate of BROTHMAN, went to Iondon, England, on April 7, 1947 and returned
on April 12, 1947, This source has sdvised that this trip was made to see Dr.
POMERANIAC in London concerming an agremnt to mamfacture phatice(u

' 8

— At b -y R ‘-

>

- -, On March 28, 1947 an unknown iudividul contacted BROTHMAN and adviud
—  hin that he was going to contact FAROLD\ (phonetic), and wanted BROTFMAN to ..,
\ meet him. This unknown individual stated® that WINE was aseistant to WENDELL - -

' } EERGE of the Department of Justiocs, and that WINE is the representative of the -

.-/ Justice Depsriment to the Atamic Energy Commission and $s preparing a ehapter
{ of a book now in preparation by the Carls (phonetio) Cammission and the Uniwer-
sity of Chicago on the Economic Consequence of Atomic Energy. The sbowe is
believed to be identical with HAROLD empl cd)u an economist in
- the .lnti-i'rmt nivision of the Duparhent tice.@‘v

'l'nh same informgnt, !—3, .dvisod on April 3, 1947 that an individual
identified as BOB was in contact with BROTHMAN, ad him that he was in- .
.-torestad in making an sgreement with him with (phonotic), LTI
" lleved to'ths the lubjbot of an inmtigation ia this 9:!&1«. ; :
e ‘ conﬁdenthl m::mnt 1'-3 advised thnt on lcy 3, 1947, me{IEN
eontnctod BEOTHMAN requesting him to pre a statement concu-ni.ng his business
- adi ."and the manufacture of plastics for MAURI( NDUS who is a former Moscow corre-
—_“‘_—'j""""' ""spondent for the “New York Herald Tribune®. ' EORCHIEN advised that HINDUS could 3

take this atetement to Prsgue, Ouchoelovnku BROTHMAN at this time discussed
with KORCHIEN his desire to maks contacts in Centrsl Rurope concerning the manw-

facture of plasties, EL\
J Topgrp

Y
i
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..5 M“wg‘!‘wﬁh‘ww L wern B 1 iNs MM e P it s L e s & g

L_,=:,- B be poted here that MAURICE HINDUS, mentioned chon, s's clme ‘M'_:g:' o
i _mnhct of URS , & suspected sepionage agent and slso 2 ognt:l_ct of A
“ﬁamnt; m . M i ;ﬂg‘;}‘ RN R ” '-
A 37, HEADIER of the National cﬂ:y Bank, New

ark éuy, ;amaa that mm bad an account at the 32nd Street 0ffice of the .

. Vatiomal City. Bank, 1 Park Avenue, in the name of Abrahem Brotiman and haoc;htu.
: This account was opened on September 5, 1944 with a deposit of $270, made up of © . -
7.7 warious checks. ' The baniing roeords indicated that this was a joint partnorah:lp o

‘lad»upoflﬂmw mommr, , and OSCAR JXWGO. .
d bun movod. “ .

;e
’
.';

Rt Tl In thoporiod -chechd, “this nccount s damd to be uctin ma 1:-
clﬁed ‘dsposits of checks by the Chase Netionsl Bank and ‘Trust Compeny, “Conti~ i,
“nental Bank snd Tyust Company, Netionmsl Bank and Trust Company, Chicago, Tli=" R
:_'1 ‘ nois, ‘and ‘the First Fetiomsl Bank end frust Campany, Bridgeport, Connectiout, . . ' -
- .. This would indicate that these wers monies paid to the Abrahsm Brothmgn amd . ‘1. . .-:
" Associates from their accounts ﬁth the Bridgcport B‘us Cmpa.ny md tbe m-aver NS
" . hnk Ianuxacbnrlng Ompaw.\‘ob w e s : '

e Mr. mm admod that LBBAHAM MHMAN had apened up & peraoml
U checld.ng account at this branch on August 8, 1944, This was made into a joint
. ... account on July 16, 1945 with his wife, NAGMI BROTRMAN. The initial deposit .
-~ “smcunted to 553.85. It was noted that MYRTAM MARKOWITZ had power of sttorney . ol
"« 7 to sign checks -on this account., 7This account m active and nrious withdravala . K

"-~;_ »'6“ ‘d. ot ‘ w .!511 mm u\ :""w ._-; ‘- -A:‘-.'v.:.‘;‘.: 0; e _“,A A .-.M L

g o aho .f-ﬂdd thlt ABBLHUI EROI‘MN oponed an account 'ith '
T ona JJWING TI‘ on Moy 3, 1945 with a deposit of $1,000, being a check dnm o
‘>, 'on the accouht of Abraham Brothmsn and Associates. -This account remained yoe ‘w0 [
" active until 1t was closed on Juns 8, 1945, This account was given the address - E
7.+ in eire of ‘the Syntomatic Corporation, 114 East 32nd Street. m :

w'.'_."‘:.'-‘nlioud to be engaged in the umfacturo of sromatic chemicals. (%,

SRR N ‘l'h.ia bank alco Idntainod an nccount in the fame or A Bro RS
.nd luoenm, and/or Colonel LYNN CHU ¢r Mr. C. S, WAN. lhub::mnt “t:man' e 5
%, " opened with an initial deposit of 426,000 on June 4, 1945, oonsisting of 2 - . v
-?3 2 oheck draun on the Fenk of China, 40 Wall Street, New York City. ‘hers was -
. I | dtpaa:lt made on this ‘account on July 18, 1945 and another in Angust, 1945 .
_;:‘.« ‘40, the amount of $7,000 on sach cocasion, ‘There have beon no withdruala made .-
m- um «.count through ﬂu period ehecked. Lu iy Py

o] LS e Je:v ,'._, o
It is noted that dﬁ the period EQOTH&LN was mrnishing the blue-

o~
Rt

v—"i -

o prints to GOLOS and ELIZARETRXBENTIEY, he was employed by the Henmdrick Manufsc~
turing Company. Confidential Informant T-4, of known reliability, advised that \td]

- T TﬁP(CﬁET.
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JU'LB m, 1.6 Iuhinzton &wo aouth, Now !ork; 3
isr.m '5 neog ié-m Ly ?h'oe‘f,} ro:utf‘iﬁ“t’, Leag t’-uu. Qvl),r

?
K

- WOLIAN is native hu& and gradusted frab Luther Collépe et the Ttvere

uty ut Tdaho with o Ijatu-‘c Dagru u phya:lu i.n 1930. Ih 1945 ho as thirty-
 Pour years of age. tu,

. - ' TV Lo il i B oo
S T T P U N SOV P P S e N S PURLINEN

VAGO is a naturaliged lhngar!.an, a graduate of tho varsity of Buda~
pest, 4« Hungary, in 1919 with a Civil mgneer'a Degreo.k .

PO S S SRy )
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e !ORGI[W is [ kna!n Gmmn:ht Pu'ty nesber o.nd
'ommﬂ.lts ‘and suspected Communists in New York City., He 18 the Internatiocoal =
' ‘Yiee-~-President of the Federation of Architects, Engineers, Cheists, and Ibohni.-
- alans, an allegad Communist daminated union, In 1945 he was dolcgaﬁ tothe | -
“‘Breater New York CI0 Industrial Union Council snd & member of $he Architect Comm
mittes 6f-the National Council of gmerican-Boviet Prhndahip. xommu u;ﬁ. - -;1;.

mbjbct of atipgion 1!1 this Qtﬁ.co N 5. B ‘, T{u‘a. ‘. L
fn uvr A B\ ,} : PO .< B AN

conridontm Informant T-6, of known rolhbﬂity, .dmod ‘that mm
"was -ployod by the Chemurgy Design Corporation until becaming a partser in ‘the
SROTIMAN enterprise which represents his first entry into business on his own
account. This above informant hes stated that the Chemurgy Design Corporation
was located at 420 Lexington Avenue, the officers of which corporation wers
HENRY A\ GOLYWNNE, ABRAHAM BROTHMAN, Vice-President, and ARTHUR P. WEHER, Sec-
g - - detary. gorporation was organised in Comnecticut on July 7, 1942. -GOLYWNNIE,
PR this informant advised, is a native of England and is not a citisen. BHe has been
the organiser of various corporations., 7his informant advised that momuu Lo~
" signed from Ghmury{!)nign Corporaﬁ.on azd or iud m ?'a ﬁ.ﬂ. q,o) B

. ..!“

5:‘

T
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x‘ o L.ue’ - ‘\ ) AT
< ‘ WGO is another business associste of the subject. He 1a [ mtin of

: HBungary and a naturelized American citizen. Confidentisl Informant T-6 stated
.. that he had been in the employ of the Chsmurgy Jesign Carporation unmtil enter-
L 4ng business with EROTREMAK. tb

. . Confidential Inr t -7, of known roliability, has advised that oscm
Jo VAGO, with alias, OS 00, is a structional engineer and was naturalised -
ST I 1938, He is known to bs a‘member of the CIO Council and in March, 1944 was .
o tbo"ntobo;mbar ofthaﬁogohrkmnb of the Ommthrwofmum

':‘.‘ , . ] . .\\ . ‘_1‘ LT ’.\.,_‘._A/ .’. "'»__,.-/r \‘«‘- . "‘-
gy L 2oy ""-’j";w\»--( s s A "’“-ﬂ- <, -—-f PO ,_;ﬁ A > |
s . 'omn s also native born and as stated mvimly hu a de
A from the Uninraity of Idaho. He n: toz‘orly employed by the Ghm' urgy Dg;;n

Corporation prior to going into business with the subject. @\

Confidential Informsnt T-8, of known reliability, advised that WOLLAN
is a resident at 28 Reewe Place, Brooklyn, styling himself as a physicist snd a
menber of the Fedemation of kchitoets s Bnginesrs, Chemiste and Technicians, QAJ
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: 3 B cording Ounﬂhnthl Infor-m M mﬂ-h 'Y mtin box‘n ctﬁ.-

= -'sen and & pmm of the University of Califormis in 1938 with s Mechamicel So-
. ' glneering Degree. momtomrhqlmdwmmmwm-
~ - $on prior komdummnﬂththonbdoet._ L s

“W wte va"“ﬁ\ I A S e L
’*(\ : \} mm mown to hnc hnn in outaet ‘with th nbjoct ox ery
u,dw» and is ddentified as the brother of BARL BEOWIER, forser Eationel Couir-
san of the Cosmunist Party, U.S.A. He attempted to interest mmws otﬁ.oo
in bis aev pemphlet, “Pisiributor’s M‘.Luj -

PR TURS U — . o e e e A & L e e e T

ROSE BRUJRN

ROSE FEUREN on May 15, 1945 was connected with the smerican~Eussisn
= T 777 Institute and had comtacted BROTHMAN to suggest or Pecameend scme person who
g knew technicsl Bussian. REUEEK sdvised that they nddded a person to translate
froa Bussian into sh the technical phrases of Soviet -industries. BROTRUAN
.. . recommended one HILY "who yesided on Aquadue Avemue, n-om, and Jed been
\tmua by mmnun translator of nmuh.w P ]
: S R ” «f» \ -.\._,,'

. . -

. v ~

It will be recalled that the subject wmecationed st FREY ERTEHL'S farm

in early 1946, HRIEHL 4s & well known Communist who has been investigated by

this office. He is known to be registered with the Communist Party and has ran

for elected office on the Commnist Party ticket. He i» reported t¢hold s high

position in the Btate Organisstion of the Communist Party. In July, 1945, he
: Was elscted unanimously to the Hew York tate Calturel &ction at the auu

Ou-nnht ronma Auoehtion Convention, ‘M,) -.. i ..3 . 3

. 'T‘ Qm £iles n! tho Yo !ork Ofﬁu S.ndic.tl fehut momm Ihi.h reaidlng
sy . at 4108 42nd Street, Long Ilhnd, Bew York, signed a 1943 Mnht Party Ic-imt-
_ing Petdtdom, (W) . . - SO

It wus also noted by fonfidentisl Informant T-9, of known reliability,
that BROTHMAN interested himself in such reading matter as the April, 1945, issu
of "Political Affairs®; the textbook on Molectusl Materislism entitled, ®Econmice
Bartarism¥; $300,000,000 Slaves and Serfs® by KUCZYSSKY, and tbe ®Awerican Review
of the Soviet Union®, a quarterly published by the American-Russian Institute. QA\
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. A» 4"9_‘-1,, ‘ fi'“‘-i’q‘_ﬁg«-,_rnl\.m!g‘ f\u‘ mmﬁquﬁjhﬁ “mh’;w;ﬂ‘i“’*cv\ PRY NOPE . !
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DL on Way 29, 2947, APRAEAN BROTHUAN was interviewsd conoerning the sbove
legations of ELIZAFETS EENTLEY in his ofgf.:% Roatwi A 2948 gxn: ::';n:'ﬁt',." -
land nulork.:m(JMm fuestioned regar S
“ui - c“{ion or furnishing S}mpri.nu to any individuals who might have . - [ -
'mﬁm with s foreign goverment.: PROTHUAN stated that be had furnished * - -
i -’h’l.mpﬂnt- to a omber of Mﬂdnaln, and it was & common prsctice in the en- 7
" gineering field to sulmit blueprints to_certain individuals who -uht pouibly
ho 1n s poa‘.ltion to obtain contncta tar . tin. l .

IR TP .

. momnn weé then upeemuuy questiomd o 'hethor or not he had .
" been acqmintod with an individual by the name of JACOBXGOLOS. HROTHMAN stated . = -
thnthceouldmtmllﬂthm,mdupicmoot was exhibited $o him.
~. BROTHMAN denied knowing O0LOS at this time. .fhersupon s picture of informant
‘. GHEGORY was exhibited to HROTHMAN, BROTHMAN identified GREGORY as en individual ‘
whon he knaw es SHELERY, BROTHMAN was thereupon vigorously questioned as to his
T acquaintanceship with HELEN, - He then admitted that hs did recognise the photo- ST
2 " graph of GOLOS, but was unable to state the name of this individual, BROTHMAN
thon uhtod the touaving coneorning his knarledge of JAGOB GOLOS and BELKN m
According to momn, omtm 1:: 1938 or 1939 an i.ndividnal cane te
hinm at his office at 114 East 32nd Street, at which time BROTHMAN was operating
a £irm under the name of the Republic Chemical Machinery Company, which company
. - was sssocisted with the Bendrick Manufscturing Compeny at Carbondale, Pennsylw-
© “amig. This individual told BROTHMAN that he had contacts with the Ruunn Gowe -
_ermment for HROTHMAN, if EROTHMAN would turn over to him blueprints of ceriein . - - -
' products HROTHMAN was working on st that time, BROTHMAN steted that the bluwe~ ~ - -,
prints were his own property and they were for the most part blueprints of lhnfts, .
9 ;:b, nﬁ othe animt n-onury 1n tho opontion or ; phnt nnutuetumg '
- shemicalse @, ...... . o I SRR "

- S Accord:l.ng to mw, GOIIS mitod his offieo o0 uunl ooeuiom
N .‘md sometine following his original visit he introduced him to an individugl '
- % known only as HELEN. BROTHMAN stated that he was under the impression that . .
:  HELEK was secretary to G0l0S, OCLOS advised BROTHMAN that HELEN would in the h
.7 - future obtain the blusprints which he bad been sccustaned to turn over to GOLGS (L{ ]

T mm v!.aitod mm's of!:lco over n doun tiua duri.ug 1938-1939-
%1940 a.nd ‘sometime in 1940 HELEN stopped oming to his office and another ind:\.- R f<
“widua) named HARRY COLD csme 1o his office and ‘said be represented OOLGS, the < "= .
S %:dividnal EROTHMAN had already identified as ‘ths man who made the origimsd con- - 7?-',
izt fact with hia, -0OLD visited EROTHMAN'S office on & mmber of occasions during
E ‘_»‘é 2940 and 1941, - BROTHMAN stated that GOLD at that time was ‘1iving in Philadelphis -

¢ " "and used to make the trip to New York spproximately every three weeks and obtain -

: these blueprinte from BEROTHMANs He said that to the best of his recollection ‘

the last time GOLD picked up the Wlueprints was late ir 1941 or early inm 1942.[;&\

N




’Lof 00108 snd donicd tht be was ever come'hd by any other 1nd1v:ldgnls ther . -
 than HELEN end 0QLD a8 individusls who Tepreserted oams.@u e ._-:}‘:-«-;-;. 3

f", .

Kk SR momunm qu»tiomdutoih-utm ‘of the bluepﬂzm “that he
hd turned over to 00108, st which time he displayed the blueprints, copies nr

which he still had in his offices, and an examins$ion of the blueprinte was .- .

" made and it was determined that they were all concermed with hlueprints of %~ "-'a

,.—. _u. ke

 shafty, filters, wp.ts, and other machinery ysed in the ture of chemicals, "
-htedthatamott:!blu prints ch he t mrioGMand %
3 "-‘M@u well ae {p GOLD were » but $he retained by s
- 'Shese Be emphatically denied that he hld r torned teprints whick ¢

‘were of g restricted or secret mature psrtaining to the nr offort of the United .
s . States ?' any plans which the United States might be concerned with at that ‘

. Relative to the Hendrick Manmufacturing Coepany at Cerbondale, Pennaylv.
. ania, BROTHMAN ststed that he himself had founded the Republic Chemical Mac|
a i  which was set wp as an engineering and designing company dealing solely
with instruments and material to be used in the mammfacture of chemicale. He
stated that at tha time he had formed the Republic Chemical Machinery Company -
{iu wis associsted with the Bendrick Mamfac Campany ‘snd -wk.a with that
1 eampary until 1942. ' BROTHMAN added that all ef the blueprints which bad besna. =
d over 10 the individuals mentioned hereinbeforée wsre his own porscml Mot
property belonging solely to the firm that he had founded, tu , =

mo'rmun was - specifically questioned u to how lu had become acqmiztod :

with JACOB GOLOS« Hs replied that possitly O0OLOB knew of his fira through sdver- -
tising in the various chemical magazines, He esphatically stated that this was
the only possible way that GOLOS would get in touch with him and denied that amp
body had ever sent GOLOS to him. PROTHMAN then stated that it was a common prace
tioce in the engineering field to turn over blueprints to various individuals ia

"2 an offort to obtein contracts. Bé also stated that this wgs his’ gole purpose in

P, ‘ =‘_?hn':ﬁng over the blueprints to OUL(S; namely,-that ODLOS had -htodthathem
\«H, "4dna pocition to obhin oontucu frc- the Bnuiu gonmon’t. } i

=L B A o A
W R ¥he' tollowin; Bigned étatemsnt, the aripinal of wilch 15 being numd
—--::-T-—-*“"in t«he “New 'Iork Office, was obtained from BROTEMAN: 7T

.n“ I@k, N.Y,
My 29, 1947 (Y )

®I, Abreham Brothman, make the following voluntary o tatement' to Donald@

-16 - I(F {3?}37



:nlmulmannvhoaomnIdomtnunhtmdpuﬁﬂ
mchantoutodqlvlr.ahmmn&lr. O'Mon,u-utovofnboatm
B¢ 32 Bte where 1 wsn and operated the Republic Uhemical Mechinery Co. which .+
was associsted by contrect with Hendrick Manmufacturing Coe This man said he

I have identified; I believed that this woman was ihé sscretiry ¢f the man whoes
N " pletured J identified, I have identified Helen as the girl whose picturo .
wi§ -~ . Shannon & Mr. O'Brien have shown to me. This Helen came to my office over a ~:
) ogen tim§s during 1938, 1939 & 1940, Then around 1940 wnother man whose name
Ha 14 came to my office and he said he too represeunted the man whose
jf & picture Y identified. Both Helen snd Harry Gold wpuld pick up hlue prints from
.me for this man whose picture I have identified. Harry Gold is now employed by
1’)\ me as a chenist.  The blue prints were stmstimes returned by Helen and Harry

\thltl,turnedmrtp-thn hrryﬂoldudohillutpickupofbluepnm
‘.hto tl%lor nrlyi.a!@&.[‘l\ “3 5 :‘f.‘r‘ ‘Q i ,{A

Co. mddidwork'iththumu]slﬂ. hblmprintanronymmdut '
aondricu.\u\ . . , oL R
ax oontactod ths man "hou p&cm I have mnuzud at s pbono
listed to a M, ster and the telephone mhango was Watkins to the best of
ay recollection. * I often met this man and Helen, his Secretary at variocus res-
' taurants in the mid-town area in New Yark City. Q"“

&91.2\@“-1 '&n lot ustfhin )‘u: whose p1)w I 4 1dlnt1tiod #inde 194 or
) . \\. ,;J'»" Y
o § hn rud the above three pcg. statewent nnd 1t

- is. tius to the best
ot ly ‘Tecollection, I have read and signed page 1 and-it is true %o the best of
=~ &y recolluction, I hgve read and signed Pe 2-and 4t is true to the best of my

recollection. I now sign pe 3 and it is true to the best of my recollection. Q,(

. /!/ Abraban Brotiman

Wi toessed
Dongld E. Shannon, Special Agent, F,B.I., NY.City

Francis D, OfBrien, Specisl Agent, F.B.I, cif.y' ¢
-17 = P @\ Tgp
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*imetime 4n 1938 or 1939 I becams aspoolated with Hendricks &ohmr;

: _ had gontacts with the Russian govermment and he could get me contracts with &

< Rusaian govermment, I turned over several blue prin'a to himj these dlue prints ..

, ﬂ”\mqmtwmmtprtmm‘pmucn Mgthnmrtohhmto\’

g 4 btein comtracts. . Shortly efter this man camé %o my officé s Woman by the mime . -
, /o Helen came to my offics and said she represented this man, whbse pieture ;&;

0old but not all of them. Istﬂlhnnthooriginalotnostotthohluprim )

T
s
.“

i.
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. . ) i

- lle stated that h h.d mlnittod nriw epntuc :
'?"“’ o tho grviot ‘Parebu co-ninic}x.fni the Awterg Tridirg Sorporatiof bntttni &Y
.- "% he had naver obtained s contract fram either of these m sgencies Wt-
. 4ng the Russian government. Be offered the information that he bad recently .
"’ . obtained a contract from the Chinese govermment and that he had obtained this
" ‘eontract by the same means that he had used in obtaining all of his contracts; s
" ngmely, by submitiing plans and hlueprints to individuals vepresenting the
' Ciinese government, and they had given him the contract for the develoment -
‘of & material vhich they haped Iﬂl nanmm rodnea iho cost ot hnu.ﬁcturiu

EREL A ‘1““" ; ‘”"Mg, v'*\b r" *3', e z *}
SIS & mommw then apeouicam qu tiomé as to vhethor or uot ho
-“'nr hoen associated with ‘the Commnist Party or had attended any of ‘the noots ,,(
_ ings or Camunist affairs. BROTHMAN replied that he was a member of the Young ,,
. Coammunist lsague during the time that he attended Columbia Universityj nimely,
in 1933,  FROTHMAN stated thit he did not attend any Commnist Perty meetings <
at the present time, nor was he actively engaged in any Communist Party affairs ]

L . BROTHMAN was then questioned as tc whathsr or not he had ever suspected
IS that JACOB GOLOS wes engaged in espionage sctivities. HROTHMAN replied that dure
T il ing the time that the Canadian espionage case broke in Canada in 1945 in reflec-

... -Yion be became suspicious of GOIKS and t pouib]: ho m cnglged 1n tho
; Sype of nctivity that e tod h Ccmdn J . {
: i

s \.., .7 . BROTHMAX offersd the"informstion fim ho ‘was »’member'ef the Politleal
lction Comittee c.nd had utteulod meotings of that organization. y IR O

- A &'lnd Jury cntpoom was issued on July 10, 1947 ordering W'B

v attendance before the Federal Grand Jury sitting in the Southern District of .
New York on July 16, 1947. However, this attendance later changed to July ”
22, 1947 when BROTHMAN testified before the Orand Jury. Ce

3N .
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It will bo not-od hm that thu is tha bua!nus bwnad (ud cpentod by
i mc ERHA! Iho hu boen thc Iuhjoct of an upionngo nnatigation in this ofﬁoo. i

e B
R ' a ; < - en N -
.l VR T i’ Cow -i:" T -‘ L - . . el - T . v,

January 22, 1946 SNews Bulletin® of the League for Indnstrul '-«,%.
. Denocracy .
Su2 East 19th 3tmot

" Gresmrich mugo mrector of the c.lvﬂ.nn mgzm S
Oangrcsa ,»h f,- R R

£ 11 ;’
).urican Buse:hn Inst tuh 3

'meay chlorim Prodnctu A I.}d
. 20 Poaples milding
”Wa ) :

T T . '__ 131 thester 50.11
In conneetion with tho t eomspondont 11'. us scertained rrcu the

* Yndxville Office thet one MILLICE 0N, balleved to be iddnticel with the -

, “above addressor,; is exployed st the Nuclear Engine Propulsion Air Craft Diviaion, )
"'-'*3«-'9.5Fairoh11d, Corporation, Oak Ridge, Tennessee as an Associste Physicist, and that -

fl!:,

2543 (ERSON has frequent access to secret and confidential materisl. -GERSON was born .
T o May 24,1925 and resides at 64-34 99th Btreet, Forest Hills, Long Island. Q,( l

- " Confidential Informant T-1 has advised that OSCAR VAGO, BROTHMAN'S
partner, was in contact with OANSQN at which time JOHNSON stated that he
had been ordered in camp, believed*to bs an Amy ocamp, learning riot control ‘M\

Clasadti :
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how to break ctrikea JOBIBCN stated that ho had smt u;n womtion to -y
‘right peoples - TAGO remarked that JOENSON was right. The boys were learn- .- o
ing viot control in camps.: Yhe New York Indioces cated that ‘one ROY JOH!BOU ‘ ,‘ e
"Wt s i.ipar of & Cammnist Party Noeinating’ Petition 4n 1942, *Hs address st -
> that tlme was - 1522 Pacifio Btreot,"&ookln, Bew-York. it is’ "not known whethex
-¢his ,l,ndiddnﬂ. is’ !.d-ntiul with the ersav mti.onod abon tv: tho Momnt{us

__,.-,‘:.- ?;-'J.'\ ‘_,_, (.\,.. n) ,\ f‘a A ".:!

X3

-vi""hfomnoe 43 made o the 1ottar to the. }mmu dated m.y 11 1947 in "
the case entitled ‘®GREQORY, ESPIONAGE ~ B%, It will be noted that’ this: letter~"
.2 "sets Torth the facts pertaining t0a omphint made by BROTHMAN congerning the ';?-

,‘ f",agenta who interviewed BROTHMAN. -Re charged that he ‘waa ‘questioned’ regarding v.c
© his activitm in the interests of the Jewish Agency, which, “in fact, was not
o5 - BROTHMAN was represented in this matter by NAGHIN BERNSTEIN, tttornsy, %
20 Pino Street, Few York City. "After proper inquiries were ‘conducted eoncern~.
ugthhachargo Mr, EERNSTEIN advised that he was now of the opinion thathl ~_

" had been nhhd Yy EROTHMAN, and was regarding the incident a= olosed, -
" above 18 ba!.ng nt forth for :ny turthor oontamphtod eont:ct ﬁth !ROTM. L
h .\‘u *s’* ; . o f: ) i ,(, '{ “ RED

-* \--13"‘ : .
a-toronco is uade to mreau httor dated Jm 22 1948 adviaing that
i aocurity Index mrd hnd ‘been pupu-ed en t.he -nbaoct. Z{] +

ni’idontial Inronant r-lo s or Xnow

.,
(U
) -
5.

e T th. :I.nfomtion 4! above 1t n ppe
e umw :l.s dentical with the individial referred to above
. inasmuch as is known that be uinuimd a hbontory or off.
_32nd Street, snd had & ‘contract with . '
" and ;ha Brmg.port n-asa Gonpn.ny \ :
'( 355 Ly L TSR L O B R SO
B e la iRy u alco knam that AN bad ‘been Working Lor ¥r,. THEODORE !mn,‘ % .
" “who s the President of the Bogal Chemical Corporstion, 115 Dobbin Btreet, .. i ‘ ‘
Y a‘ooklyn. 4 HROTHAN, ‘4t will be noted, handled mathematical equations and
i : * 008868 conoerning 7T rork at the Regal ﬂxenicnl Corporation for tho United - -
s s‘phtn Aray. "1t will be noted that BROTHMAN assisted in this work with one
' _ ""ARTHIR P, IEBBER who was formerly a protege of BROTHMAN, having worked 'ith him

‘at the Hendrick Manufacturing Campany and the Chamurgy Desi
being the secretary to the htter{)a \ . EV go corporation,

e -
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#. 5w 5 Tt will be moted that in the above investigation, _ _
- ment sgainst HKTLIC and is believed %o have broken off his associstion with °
- SEOTAMAN as & Tesult of differences that arcse between them. WEIER Was mot
0 . - . “.: e
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indicted in this investigation; however, . was indicted, (U415 .
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subjestts’ present Communist activities, U)

DT el T WALY develop the“contaots of the subject during ‘the period of 1940 . .-
7 oo, Yhrough 1945 when the subject was employed by the Hendrick Magufecturing Com- "
*., .- peny and the Chemurgy Design Corporstion, and, in this connection, will eon~--i-

.77+ eider interviewing ARTHUR P, WEHRER, s former ologe associate of the subject - "+
o/ 1 during that particular period who has spparently savered his relations with . .
. .7 -the subject as set forth in ihe Adminis of this report. (w - e
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Anonymous source 1n thcﬂabovo report.

Anonymous source 1n the sbove report.

, Anonysous ‘source 4{n the above reporte
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TO  : The Direstor DATE: February

¥
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SUBJERCT: ABRAHAM BROTHMAN
- smumr nrrxa c

~ Baskground
Abraham Brothman was born August 15, 1913, in New York t o

He attended achools in New Yark City and graduated from Columbia Univar
with a Chemical Bngineering Degree. He presently conducts his own englf}
business in long Island City, New York, under the name Abraham Brothmall an
Associates. (7 \

-\

Tnvestigation of Brothman ;o -

The Bureau first conducted an investigation on Abraham Brothman

we received information from Elizabsth Terrill Bentley in November, 1945, T
was an espionage investigation, Mias Bantley advised that in approximately May
of 1940, Jacob Golos, a known Soviet agent, introduted her to Abe Brothman who
at that time resided in Nassau County, New York, and was employed as an engineer
in the Republic Steel Company, New York City. Afterwards, Brothman indicated -
that he had some blueprints to be copied and Bentley delivered the blueprints to
Golos., Miss Bentley advised that she met Brothman approximately ten timss until
some time in the Fall of 1940, 8he related that sometimss Golos would meet Brothman
o to obtain these blueprints direct, but whensver these appointments could not be
< handled personally, she would execute same, Miss Bent]ley was unable to state how

i xany separate blueprints were actually delivered since.they were supplied in an
3 envelopes She recalled that on some occasions copies & the blueprints were de~
livered to her by Brothman, However, on other occasions it was necessary for her
to take the originals and have coples made, which were “thereafter delivered to
- Golos, The original would be returned to Brothman at - w.later time, Some time
- during these happenings, Miss Bentley learned that these blueprints were of
* commercial kettels which were understood to be some type of commercial vat. In
~ the Fall of 1940, Golos indicsted to Miss Bentley that he was somewhat discouraged
LA with his dealings with Brothman and indicated that he was going to turn him over

for handling to samecne ealss. Miss Bentl d not learn from Golos or anyone

_alse to whom Brothman was then directed, Ti

Results of Tnvestigation SN A

The investigation indicated that Brotlman assoclates with known Commnists
and also has solicited business fram the Russian Qovermment. He has been engaged
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M¥enmorandum to the Director

.-3n engineering work for the Chinese Govermment and ths develomment of a plant
“in Palestine, Confidential scurces have furnished information which indicates
that Brothman's seorstary is a known Commnist Party member end that Brothman
frequently associates with Commmnistis or individuals alleged to be engaged in

espianage.{l\\

on“May 29, 1947, Brotiman was interviewed by FBI Agents. He advised
that hs had furnished blueprints to a mmber of individuals as it is a common
practice in the engineering field to submit blueprints to persons who may be
in a position to obtain contracts for a firm. After identifying a photograph
of Miss Bentley, he finally identified Jacob Golos from his photograph, although
he could not remember him by name, Brotiman alleged that he furnished the blue-
prints to Golos and to Miss Bentley, who he thought was Golos' secretary, because
Golos had advised him that he had contacts with the Russian Govermment and could
procure contracts for Brothman, He said the blueprints were of shafts, wvats,
filters, and other machinery used in the mamfacture of chemicals, He denied
ever furnishing any blueprints which were of a restricted or secret nature per-

to the war effort. He further stated that he had sutmitted various

contracts to the Amtorg Trading Company and the Soviet Govermment Purchasing
Cammission, but had never obtained a single contract.U)\)

Brothman admitted that he had been a member of the Young Communist
Ieague in 1933 while at Columbia University, but that he presently attended no
Commmnist Party meetings or engaged in any Comminist Party activities. m

Prosecutive 'Action

On July 22, 1947, Brothman testified before a Special New York Federal
Grand Jury sitting in the Southern District of New York, which was considering
the allegations of Elizabeth Bantley. Q;\ )

Distribution

The distribution appears on the attached paper. K(/{)
Status

Tnvestigation of Brothman is contimuing, _ v )
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White House

~ Sumiary entitled, *Underground Soviet

Espionage Organization (NKVD) in
Agencies of the United States Govern-
sent® dated Febrwary 21, 1946.

Sumnary entitled, ®Soviet Activities

in the United States® dated July 25,
1946,

Summary entitled, "Underground Soviet
Espionage Organigation (NKVD) in
Agencies of the United States Govern-
ment” dated October 21, 1946,

Attorney General

Summry entitled, "Underground Soviet
Espionage Organization (NKVD) in
Agenclies of the United States Govern~
ment® dated February 21, 1946.

Summary entitled, "éoviet Activities.
in téhe United States" dated July 25,
1946,

Summary entitled, ®Underground Soviet
Espionage Organization (NKVD) in
Agencies of the United States Govern-
ment” dated October 21, 1946.
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To Whom hed and Date

Brigadier General Harry H.
Vaughan, ‘Military Aide to
the President.

2/25/46  (65-56402~573)

Attorney General on 7/25/46
for the use of the President
in connection with the Paris
Conference on

7/29/46 (100-345686-1)
Gearge Allen, Presidential
Advisor,

12/16/46  (65-56402-1817)

To Whom Furnished and Date

Attorney General

2/25/h6 (65-56402-573)
Attorney General
7/25/46 (100~345686-1)

Attorney General on 11/27/46;
an additional copy on 12/2/46.

(65-56402-1754-1756)

A. Devitt Vanech, Special
Assistant to the Attorney
General,

12/6/46 (65-561,02-1837)

T.' Vincent Quinn, Assistant
Attorney Gensral. 7Two copies

on 7/23/47, an edditional copy
on 8/7/u7.

(65-56402-2693-2727)
(G
A
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State Department

Sunzary entitled, "Underground Soviet
Bspionage Orgenization (NKVD) in

Agencies of the United States Govern~

mert® dated February 21, 1946.

Suﬁmary entitled, "Undergmm& Sovist
' Esplonage Orgenization (NKVD) in :

Agencies of the United States Govem-~
nent® dated October 21, 1946,

Treasury Department

Sumnary entitled, "Underground Soviet
Espionage Organization (NKVD) in
Agencies of the United States Govern-
ment” dated February 21, 1946,

Sumnary entitled, ®"Underground Soviet
Espionage Orgenization (NKVD) in
Agencies of the United States Govemn-
ment" dated October 21, 1946.

War Department

Sunmary entitled, "Underground Soviet
Espionage Organization (NKVD) in
Agencies of the United States Govern~
ment" dated February 21, 1946.

Central intemg. ence Group

Summary entitled, ®Underground Soviet
Egpionage Organization (NKVD) in
Agencies of the United States Govern~
ment” dated Pebruary 21, 1946.

Navy Department

Summary entitled, "Underground Soviet
Espionage Organization (NKVD) in
Agencies of the United States Govern-
ment" dated February 21, 1946.

To Whom Purnished and Date

Secretary of State.
2/25/16 (65-56402~573)

Mr. Frederick B. lyon, Chief,
Division of Foreign Activity
Correlation, State Department,
3/03/ub (65-56402-616)

Secretary of State,
11/25/46  (65-56402~1836)

Mr. Frederick B. Lyon, Chief,
Division of Foreign Activity
Correlation, State Department.
12/12/46  (65-56402-1859)

To Whom Furnished and Dgte

Secretary of Treasury,
3/L/16 (65-564,02-529)

T. Vincent Quinn, Assistant
Attorney General, on 3/6/48
for B4 Foley, Treasury De-

partment, )
(65~56402-3148)
To Whom Furnished and Date

Lieutenant General Hoyt S.
Vandenberg, Assistant Chief
of Staff, G-2, War Department.
3/1/46 (100~-3~1313)

To Whom Furnished and Date

Admiral Sidney W. Souers,
Central Intelligence Group. °
L/2/16 (65-56402~725)

To Whom Furnished and Date

Adniral William D, Leahy,
Chief of Staff to the
Commander in Chief, Army and
Navy, White House,

3/13/u6 (65-56402-655)
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Rerep of SA John R, Wurphy, Jr., 4/6/50, Wew Tork,

of SA Carlton O, Lensz 4in the mo. UNSUB, VWas
mxonu\- R.*

ition to the 1leads set out in the roport of SA Murphy, the
A lmrk Otnoo 1s requested to ildentify Yy indices, oredit checks and, if
.. neceseary, &iscreet neighdorhood inquiry, eontactc ‘of BROTHMAY who rnido 11

the ¥evark Office territory: N , y,
: - :mpr{.nu- L 'y, :/(omy - =
. 3444 Gregory Strest ©.7100 North 3rd Btreet - -
Puuue. Nov Jerasy )(qtnnhon, New Jersey
Ry Gth ¥ Stevens - RAax
o 86 Vest Alpink Street “%huum Averme w83
. ‘.:j_'; . Rewark, Xev Jersey ‘ Xanilworth, !ov Jornr B E f
. X ) v ﬁ ~ oM
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s ENCEE 2 Canden, New Jersey - < ~Hoboken, Kew J.rloy , :
4‘) 8. . flatlin o 8/{ trusella - ,'/'
: 108 West 42nd Street 606 Downer Street
Bayonne, Xew Jersey . 'ntﬂold Xov Jersey u’

It is reque.tod further that these 1d.emtiﬂcatlom bo reported n '
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4 review of BRO‘I‘HMN'S activities from Navenber, 945

g to May, 1947 made in an effort to establish »
identities of all of his contacts on the pogeibility 1
that one of them is the urknovm subject 'y

BROTHMAN ourrently operates Ay )frothman & Laaociates,
Chemical Engineers, long Is City, NY ahd repides

t 4108 42nd St., Sunnyside, long Island. Curret ~ §'\
surveillance photograph obtained, results of <
additional confidentia}) gources obtained and set’ J
Iorl'.h. Lleads set out. :

" Identification of some of th;ssgontacts Yol aremm
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BROTHMAN'S ACTIVITIES FROM NOVEMBER 28, 1945 TO MAY 29, 1947
December 5, 1945 | -

.Confidential Informant T-2, of known reliability, advised that
MR KOTITZ BROTHMAN'S secretary, informed him on that date that Dr.

7 s.XBIR wanted to see BROTHMAN in the near future. She stated that she would
arrange an appointment for BROTHMAN to see Dr. BERGMAN. She also mentioned that
RANAVATI, apparently a netive of India, would be leaving New York on
December 6, 1945+

T-2 advised that M/RION MOSKOWITZ contacted Dr. BERGMAN who stated
thet he could see BROTHMAN on December 8 or December 9, 1945. BERGMAN alsa -
asked that BROTHMAN meet with him and an engineer from Palestine. BERGMAN
indicated that he would be in New York only during the weekend; thet his
laboratory is in Philadelphis, Iater, on the same date, a definite appointment
was made by MOSKOWITZ for BROTHMAN to see BERGMAN at 4130 P.M. on December 8, @u

December 6, 1945

L )lz:,yﬁICHEL, Hotel Medison Square, New York Cit.y, asked for an
eppointment to see BROTHM.N in the near future.k‘u)

December 7, 1945

A HUFA made an unsuccessful attempt for an appointment to sece
BOTHMAN on this date A\

T2 further advised thet on the same date, MOSKOWITZ told QSCAR
Xﬁ GO, a partncr of BROTHMAN, t BROTHMAN has some meterial which he is
anxious to discuss with R. LNLVLTI, Shorsham Hotel, Washington, D. C,,
baforc NANAVLTI leaves for Bombay, India. '

~
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NY 100-95068

" Decembor 8, 1045

T-2 advised that BROTHMAN made an unsuccessful attempt to contact
NANAVATI at the Shoreham Hotel, WVashington, D. C, ' T-2 advised that EROTHMAN
determined from the St. Regis Hotel, New York City, that NANAVATI'S mail was
to be addressed to mﬁﬁ s 441 Lexington Averme, New York City. BROTHMAN
8lso indicated on this date that he had to see Dr., BERGMAN at 4100 P.M. \oq

December 10, 1945

| MOSKOVTTZ informed BROTHMAN that EDVABYJACOBS, Ordinance Instrumemt
Company, wanted BROTHMAN to contact him, MOSKORITZ informed BROTHMAN that
LOUYEERNE (bh) had contacted hime \AX

December 11, 1945.

MOSKOWITZ asked VAGO to contact JACOBS znd errange & luncheon
appointment for BROTHMAN at the Vanderbilt Hotel for that date at 1300 P.M,
However, MOSKOWITZ indicated that BROTHMLN did not knéw JACOBS} 8Sho indicated
that JACOBS!' telephone number is MU 2-6803,

On the same date, & %ISCH‘EB attempted unsuccessfully to
contact BROTHMAN. CMO

BROTHMAN contacted a Mr, Sm concerning SROTHMLN'S new
processes T—2 also advised that one CYRIL TEIN is one of BROTHMAN'!'S employees
at his laboratory. (p&] _ ” ' '

December 12, 1945

MOSKOWITZ informed BROTHMAN that he had a "letter from his friend"
. who would be at BROTHMAN'S office at sbout 12845 P.M, that dates BROTHMAN
indicated further thet he would have luncheon with FRISCHIR on that date. Q,{/

4 physical surveillance of BROTHMAN on December 12, 1945 reflected
that at 1440 P.M, he left his office at 114 East 32nd Street with an unidentified
man described as 5' 8%, 150 pounds, about 60 years of age, gray hair, wearing
a black hat and black overcoat. They proceeded to the Vanderbilt Hotel and
the unidentified man was not seen leaving the hotel with BROTHMAN, %{[

. T-2 stated that a MeofSEUT'SCH an engineer, contacted BROTHMAN and
"o Jev’ hed a long technicel discussion with BROTHM.Ne DEUTSCH is the individual who
| A .sent NANAVATI to BROTHMAN for professional assistence. He indicated that he was
f,(ﬂ; ;13 going to India the following week. BROTHMAN indicated to DEUTSCH thret his firm
)% had been working on a project for the Chinese Govermment,

., .
v &
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NY 100-95068

T-2 advised that BROTHMAN cuntasted O%UNZJLB with whom BROTHMAN
diacussed the construction of a plant to make D.D.T. GONZALES made an
- appointment to see BROTHMAN on the following day at BROTHMAN'S office. %(/

T-2 advised that one CYAUNDELKORN (ph) apparenlty was an employee
_of BROTHIAN on that date.| A}

BROTHMAN contected BERNI;)'(’ESN on a business matters tM)

December 13, 1945 s,

wz made regservations for PIDTO to travel to Washingt.on on
December 1'7, 945, appsrently on behalf of BROTHMAN, UA )

December y, s 1945

/‘t\, MOSKOWITZ contacted the Army Base and inquiried for L_gumnapt
x {ph) 'who had left his office for the Finance Section of the Lrmy Beses P )

On the same date, T2 stated that Licutenant QAS contacted
MOSKOWITZ and inquiried whether she needed his signature for anything. She

stated thet she did not. )
Indes, 7-2 stated that BROTHMAN had & technical discussion with one
Dr ROSENSTEIN, - @)

December 15, 1945

T-2 advised thet SEYMOURJHCNDELKORN, an employce of BROTHMLN, was
residing at 67 Jane Street, Ap.r-iment 3B, New York ss of that dates T-2 also
advised that on;qﬂLLPmN was an employce of BROTHMAN. \TA )

December 16, 1945

T-2 advised that BROTHMAN contacted R. VAMICHEL, 8ales Promotion
Director, Union Chemique Belege, 61 Avenue louise, Brussels, Belgium, concerning
some work that BROTHMAN had been doing for MICHEL., MICHEL indicated that he
would be leaving New York on the following day for Belgium, QZ{)

December 1€, 1945

‘ T-2 advised that BROTHMLN contacted the Resinous Products and
Chemical Company, Philadelphia, concerning some technical matters. %U

=4
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7-2 advised thst BROTHMLN later contacted a Dr, RQSENSTEIN, EROTHMAN
indicated that he wanted to show ROSENSTEIN some material he had developed in
his l1ab ory for the Chinese Goverrnment, BROTHMLN mentioned a young fellow,
mmm}@m, recently discharged from the Lrmy, a friend of his, who was
looking for a position as an operator in & plant. ROSENSTEIN promised to do:
what he could for mEEN.(IJ.\

December 20, 1945

T2 advised that BROTHMAN contacted a Dr, ROSENSTEIN who, according
to the informant, then Imd telephone number MU 5—2466.@{,;

& MrXTSTEIGLE (ph) of the American-Russian Institute, New York
contacted BROTHMAN stating that he understood BROTHMAN knows what the Russians
are doing in the field of chemistry and wanted to interview BROTHMAN on behalf
of the American-Russian Institute, fin appointment was made by STEIGLE to see
BROTHMAN in BROTHM/AN'S office on the following day. &?A,

T-2 stated that oneXIACKSON, to whom BROTHMAN appoared very friend]y,
contacted BROTHMAN during which ‘conversation BROTHMAN indicated he vas
progressing satisfactorily on the contract for the Chinese Govermment., JACKSON
invited BROTHMAN to a New Year's Eve party which invitation BROTHIAN accepteds (a /

December 21, 1945

BROTHMAN contacted a Dr, BLUMENFEID with whom he had a discussion
on a chemistry report.

I_Jecember 24, 1945

T-2 stated that BROTHMAN contzcted his wife and indicated that he
had had lunch on that date with Dr. BLUMENFELD. He further indicated that he
would have ahother conversation with Dre BLUMENFELD on December 25, 1945 as .
well as w:.th @EIZMAH who was staying at the Essex House, New York City. (L( )

;lss;eL_tmrzﬁ,_.su

T-2 advised that Dr. BLUMENFEID asked thet BROTHMAN meet him at
his homs, 322 West 22nd Street, at 3100 P.M. on that date to which BROTRMAN agreed. kzq

later on the same date, BR( s MAN indicated t¢ his wife that
BLUMENFELD'8 full name Was Dr. JOSESENSLUMENFELD. \?,() -

-5
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@cember 26, 1945

MOSKORITZ ascertained from an unidentified woman that EMANUEL
MU Chicago address is 7853 Essex Street, Chicago Illinois. .
[ 3

December 27, 1945
/
Dr, BERGMAN'S sccretary informed MOSKOWITZ thet BEBGUAN had an .~

appointment to see BROTHMAN at 9100 P M« on December 28, 1945 at the Russian

Tes Room, New York City but that BERGMAN desired the appointment be changed
to lO:OO P.M, \Z{]

T-2 advised thet ome AL ER, telephone number Berclay 7-6348,
attempted unsuccessfully to comtact B mJIAN. (bij

December 28, 1945

T-2 stated thet a man named MILLTR invited BROTHMAN and his wife
to a party at MILLER'S house the following Monday night. (ZLJ :

December 31, 1945

ALEX WEBER again attempted unsuccessfully to contact BROTHMAN. QM/

January 3,.1946

* T-2 advised that JI‘.%&ILIE cqntacted BROTHMAN and indicated that
he would see BROTHMAN later in the day. 1

BROTH/AN contacted Dr. BLIL/ENFFID who informed him that Dr. BERGMAN
would be in BLUMENFELD'S office that afternoon. BROTHMAN agreed to come over
to BLUMENFELD'S offices (‘u

IEQX,G’.T'I‘LEW‘N contacted BROTHMAN on & business matter, \Z{)

4L Mr, who, according to T-2, has some connection with contracts
with the Chinese Government, asked that BROTRMAN come to his office, Room 310,
€10 Fifth Avenue at 3330 P.M. on Jamuary 4, 1946 to which BROTHMAN agreed. Cz(,/

WR MOSKOVITZ made & hotel reservation at a hotel apparently

operated by RIEHL, Wallkill, New York for three adults and one child, She
indicated thet they would arrive on the following Sunday, (u

-6~
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%Ja, nuary 4, 1946 ]
) 4 ¥r, GEPAR;XP/IEL (ph) iser Company, Room 310, 620 Fifth Lvenue,
contacted K Z requesting tha¥'he be furnished with BROTHMiN!'S
‘bibliography. )

EZQ( stated that BROTHMLN attempted unsuccessfully to contact

L Y INGER, ‘Kderado 5—1-123> attempted unsuccessfully to
contact BROTHMAN, L y ¢ -

HARR IAVIN conferred with BROTHMAN advising that _Dx, BERGMAN
would be leaving london in the immediate future, GL)

BR \N contacted JACK MILLER whom he informed that he had
contacted Mthat¥Bozo! and had an appointment with him. BROTHMAN indiosted
that he would give a build up and that possibly this individual would
bave use for MILLER. ‘ ‘

T-2 stated that an unidentified male contacted MOSKOWITZ and stated
that PIEL (ph) apparently was impressed with BROTHM.N and that Kaizer would
undoudbtedly have a place for BROTHMAN, (u{

January 16, 1946

MIRIAM MOSKOWITZ advised VAGO that BROTHMAN would be at Wallkill, :’,V
New York for the rest of the week. (‘(/b 2

Japuary 2, 1946 | M'i)// eql‘

o JLCK MILLER contected BROTHMAN. BROTHMAN told MOSKOV:ITZ that he
R had wanted to tell him about the meeting in Kaizer's office, MILLER apparently
#% had told the Kaizer people sbout BROTHMAN and apuerently they sre interested in
. something BROTHMLN hase \u )

On the same date, an unidentified men contacted BROTHMLN stating
that he is now located in Bwooklyn where he operates & business. The man
indiceted that he was thinking of moving to 114 32nd Street, New York City
where BROTHMAN is and wanted to know if thet was a professional building.
BROTHM/N stated that it was not exactly but that there were laboratories in
the building, thus indicating the possibility that the unidentified man
operates a laborstory. This man made an appointmant to see BROTHMAN at BROTHMAN'S
office at noon the following Fridaye \M)

W
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- January 22, 1946

. Y SL& made en appointment to see BROTHMAN at 4100 P.M. on
that date. ) . '

A Mo KLHN, who indicated that he was then in the presence of
HARRY SLLVIN, stSted tlet he was comnected with the Consolidated Produets
Company, He made an apnointment to sce BROTHAN in BROTHMAN'S office with
SLAVIN on that dates (Z,\}

February 2, 1946

" BROTHMAN informed his wife that he had to meefpAMANK thet evening
before coming home and would be home as soon as possiblel Yr¢)

Februvary 4, 1946

Company, Garwood, New Jersey. BROTHM.N indicated t he is developing some
resins for the Chinese Govermment. (Z{]

BROTHMAN contacted a M;)@.m at the McGraw Hill Publishers stating
that he wanted tc arrange a luncheon with OLIVE to disucss the possibility ef
purchasing some articles on the work he has been doing in the chemicle field.

On the seme date, T-2 advised that LUIJ”.I%@SET (ph) conferred
with BROTHMLN who advised MUSET that he feels he had developed Polemerization
that could be patentad, He discussed the possibility of having luncheon together
during the following week.q,(}

February 7, 1946

BERN/RDAKOOFMLN, a teacher at Columbia University, made a tcntative
date to scc BROTHMAN the following Viednesdays (u)

Februery 13, 1946

KOOPMN again contected  BROTHMLN and BROTHIAN arranged to meet
him et the King's Crown Hotel near Columbiz University. KOOPM.N mentioned
- heving received & letter in Weshington from BROTHM.N in the recent past. La,)

February 18, 1946

KOOPMIN advised BROTHILN that he had broken down the differentis)l .
equation problem and was rcady to show it to BROTHMAN, They made an appointment
to see each other thet evening. \‘U-)'

5.

T-2 stated thet BROTHMAN contacted Mr EN of the Bowen Engineering
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k&mgz 21, 1946

4 woman, probably identical with URSI%SSM;N, contacted
BROTIHJ‘N steting that she wes leaving the United States the following Vednesday
on a Norwcigian boat, '  She stated thet the boat stops at Trinidad and
then &t Bucnos Airess She said thet she was worried about what she would do
about the "subversive papers.® BROTHMAN said they would cope that out later
and they agreed to meet that evening for dinner.

Merch 4, 1946

A BROTHAN contacted a ROBERP(TUCKER, Hoboken, New Jersey regarding
some specificbtions on some materials. '

by

March 5, 1946 ,

LEQ MITIELMLN,, telephone number Tiorth 2-3100, made an unsuccessful
attempt to contact RCHEIN in BROTHMIN'S officcs Jz{ )

SJLCK ER cancelled a luncheon date —ith BROTHALN for this date
stating thet he would try to scc BROTHVAN at BROTHN!S office later in the
aftemoon.(u

Morch 8, 1946

HOSKOTITZ made reservations on fmerican Lirlincs for Merch 12, 191.6,
Flight 236 for Boston and on return Flight 233 leaving Boston at 8:10 P.M.
March 13, 1946.\U |

GERLRD PIEL (ph), telephone number Circle 6-4725 and Circle 6-5343,
msde a unsuccessful attempt to contact BROTHZAN. (u)

March 13, 1946
LM , 8n engineer in Cambridge, Messachusetts, contacted

BROTHM/IN. EROT &N indicated he would be going to Combridge the following day
at 2130 P.l. end would confer with ELiL end cthor technicians, (U]

Merch 25, 1946

RY SLAVIN attemptoed to contact BROTHMLN on two occesions on
thet dato indiceting that he had to see BROTHMLN on urgent business, \UJ

)
et}
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m% (ph) contacted BROTHMAN regerding the possible contract
*for plastic windshields to be used in making small automobiles at Bristol,

-Pennsylvania, (?A 1

Betwacn Lpril 1 and April 30, 1946, T2 advised that BROTHMAN made
two trips; onc to Buffalo and one to Washington, D. €. where, according to
*~ the informent, he contacted employeées offfaizer~Frazer Corporetion in regard
to his possible employment Yy the organizstion., T-2 £lso reported that
BROTHMAN had mede 2 study for EDGABYRLAIZER and hed left this meterial with
KLIZER 2t the time he had seen hixf in Veshington, D Cu|U |

X On April 23, 1946, ¥IBIAM MOSKOWITZ attempted to make reservations
for g trip on ¥May 11 or 12, 194 onTermca"I:.rlines but no spece cou%'d be

given hore (t{,

During the period from May 1 to Junc 5, 1946, T-2 advised that
a %cmm (ph) wes in contact with BROTHMAN agwising him thet he had a
lether from the Soviet Union addressed to a My 1L, fLccording to LECATIR,
the letter confirmed what he and BROTHUM discussed at the meeting and had also
itemized 2 few things that the Soviet Union wants. LEC/TUR also wanted to -
know how BROTHMAN was making out on %that proposal! and BROTHMAN indicated
that he had someone work on it, thet it would be ready by the end of the
following wecks LECATIR added thet PO"ELL wanted to cit in with BROTHMLN
after a cdraft is mede of the proposal and before it is typeds LECLTUR stated
thet POTELL is in Boston & great deal of the time, BROTHMLN then made the
statement thet he was getting up e description of his plestics for LECATUR

and would make three copies of this description for the Russianse. IECLTUR
statod that he would meil BROTHMAN & photostatic copy of the letter he had
received from the Soviet Union.\U)

On May 8, 1946, T-2 stated thzt BRUI'HMLN apparently had mede an
application for credit on A.merican hirlines.s This credit was to be extended
gll over the United States. @q

On ¥ay 15, 1946, ROS%BEN of the imerican-Russian Institute had
a conference with BROTHMIN, at which time she asked him if he could suggest
or recommend someone who knew technical Russian, She stated thet the fmerican-
F Russian Institute isgued a pamphlet describing the technical phases of Soviet
Island; | AN, no addrcssy and an‘employee of his laboratory, BILL
; )(1%)3.!1., hqueduc ronx, New York who had been used as a translator of

Russian. REUBEN 1ndice.t.ed that she knew SiAllsince he had tenn used as s
translator for Tcchnical Commission and had come to the Unitoed States from Russia, (Zq

10
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On June 3, 1946, T-2 stated thet BROTHMAN had been in the upper
-gart of New York State for the weekend and thet he was working on some Job

for Amtorg.\'&i

On June 18 1946, T-—2 indicated that BROI‘I-MAN was in contact with
CY MANDELXORN and S J‘.NSHEL aprerently employees of .BiOTH'?\N, Thcy mentioned
“that HERLY SISVIN, 310 Test 172nd Street, New York City, hed had some discussion
with BROTIAN prior to this conversation. \Rl

on June 7, 1946, LECLTIR (ph) endeavored to get in touch with
BROTHMAN who was not availabla. He Bpoke to VAGO, BROTHMAN'S associate; who
told him thet the meeting with BQUELL was oﬁ"bﬂt that they would meet at 2
later time in BROTEMAN'S office t0 discuss the Soviet Russian proposel. (zu

T-2 edvised that MOSKO'IITZ made reservation for three persons to
£1y to Chicago on June 15, 1946 and to return to New York on June 16, 1946. E’»()

9, 1946, T-2 advised thet KORCKEIN, EROTHIUN'S associate,

EDLEMAN of Amtorg. it that time KQRCH‘EIN told NEEDLEMAN
that he would like to have hin mect ABIAHAM BROTHMAN inesmuch as BROTHUN wes
involved in some work {(apparently for the Rugsians) and that he wanted
NEEDLEMAN to Adiscuss this work with him, Q/( }

Or June 10, 1946, T-2 acdviscd that BIOTHVAN attempted to contact
E.%JHLIN in Ch.wago, I'Llinou.s. Later, BROTHAAN contscted & Mr, SSRINGER
and”informed him that BROTHMAN had & contract with the Russians in which

" QOSSELIN possibly might be interested. LZ( )

On the same date, T-2 advised that BROTHMAN attempted to locate
#r. LECATUR (ph)eIn the absence of LECLTUR, BROTHMLN spoke to a Mr. FLAGG and
t0ld him he was going to scnd some matera.al to POWELL, 405 Park Square
Building, Boston, Massachusetts, F()

It is to be noted thet on July 23, 1946, an unknovn individual
conferred with BROTHAN requesting some figures regarding the production of
plastics, This men told ZROTHMAN thet hc had some Turks whom he wanted .
BROTHYN to meet and who are interested in plasticse This men asked BROTHMAN
if he had submitted his report on plestics to the Russians, BROTHMAN stated
thet he had, YA }

eptember 13, 1946, T-2 roported thet BROTHMAN vas in contact
with onc TONOVICH (ph) et Amtorg who informed BROTHLN that he wes going
back to MoScow and thet his placc would be taken by a Mry ICROV. KADIONOVICH

]
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. 8tated that when he went to Moscow in October, he would take up the questions
.+ ‘that DROTHMLN had reyuested of him and that he would send over the things which
*  BROTHMAN had requested, However, at this time he hsd received no replies from
mBCOW. (u} L : L]
On September 19, 1946, T-2 reported that MOSKUITZ, EROTHLN!'S {
/ ecretary, contacted the Du Pont Company, New York City asking if thet firm* |
an supply 12,000 pounds a month of "regular acrilic monama and copelama (ph).t
he Du Pont people werc very inquisitfVC %s £o what the materizl wouic be used _-
for and MOSKOTITZ consulted an unknown person in BiOTH LN!'S office after which
she stated that it would be uscd for moldings. The Du Pont representative wanted
to know whether the materials would be exported and she replied in the
gative. The Du Pont people did not give any definite answer on the
opasitionhlpmediately thereafter, MOSKOTITZ attempted to contact ilre
ATEONOVICH {(ph), at Amtorg but was unsuccessful, piving rise to the possibilit
hat the Ru ns, through BROTH 4N were attemd>ting to obtain some materials.(id /

Confidential Informant T-3, of known reliebility, hap-8cvised that
as of June 28, 1946, BIiOTHMLN was dcing business with VLLDITM#TVERILNOVICH,
an enpincer of the Fishing Industry Group of the Soviet Govcrnment Purchasing
Commission,then connected with Amtorg, New York City.(u}

T-3 also advised that DROTHIAN was reportedly working on a
vitamin plantfor the Russians around thet time.( %/

T-2 advised on Octoher A€, 1946 thet BROTHUN had sttempted
unsuccessfully to contect JULIY 00T at Plzza 3-9533 or Plaza 3-9535, (u/

On October 28, 1946, BIOTHILN spoke to NEEDIEMLN at lmtorg.
NZEDLEUAN stated that TVERTLNOVICH had returned; tha% NCRDLE LN had not spoken
to him and will not until BCOTHIN hes & chance to see him.\bu

On October 30, 1946, T-2 stated that NEEDLEMAN at /mtorg infermed
BROTHMLN that he had just talked to TVEL.ILNOVICH and that ®he knows all about
it and has known all about it all the time but is under advice not to let on.!
NEEDIEMLN stated further that Wthing! was sent over with TV RILNOVICH!'S
strongest recommerdations, NUEDLEXLF further stated thet TUVIRILNOVICH has
said that he out to everyone else who attempts to contact him but thet he was
very enxious to meke an sppointment to sey good-bye to BT;OTEE:&N.C(,“

On October 30, 1946, NLEDLEILN informed BROTHVAN thet TVIRIANOVCH
would be in Nuw York for another two weclks., MNEEDIEILN stated thet he would try
to arrange something definite in ths way cof an appointment for TNOTHIN with
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. However, the informant never reported subsequent discussions
‘b:r BROI‘HMN concerning & meeting with TVERILNOVICH and as far as it is known
he never did meet him prior to the time TVERIANOVICH left the United States
on December 23, 1946.\ |

On November 8, 1946, T~2 reported thet BROTHMAN conferred with .
one LLEER BORNE who asked that BROTHMLN act as 8 refercace for OSBORNE
and substéntiate OSBORNE'S statements to future employers hct he had worked
for BROTHMLN from 1937 to 1940, BROTHMAN assured him tlet he would do 80.
He stated thet he 2nd severzl others had been dismissed by Celenese, Ine,
in view of some union activity and thet he does not want to use Celanese
&8s a reference or a former employer, He srid that he had becn referred
to BROTHMAN by BEINSILVERM: N, iUl

On the same date,la@%w contacted BROTHMAN and asked him
if he knew what CLPITZA'S fie science was, BROTHMAN seid th PITZA
is & leading Russian physicist and that he understands thet he has
revolationary turbine. MILLER stated thet he intended to go to Washington
during the following week where he intended to see "the sssistant to the
Assistant Ltt rr}ey General®, to whom he referred to as "the last of the
appendage,” @‘

On Decenber 2, 1946, BROTHMAN contacted & Mr AWMLET of "Timae"
and life" steting thet he had the "rough proposal® realy and would deliver
it the following morning to the New York Athletic Clubs HAMLET asked thet
BROTHMAN send it there or to 247 Perk Iwenue .(Z{ ]

On December 3, 1946 the secretary to I@D)G&’TLI]B advised
BROTHUAN that GOTTLIEB was having dinner thet evening with SQUELL and thet
they would like BROTHMAN'S memorandum thot afternoon.\'u |

On December 5, 1946, BROTH:/AN made &n appointment to meet a Mr.
SIRICKLER telephone Sherwood 2-9'778 Paterson, New Jersey. The meeting was
set for the Hotel New Yorker at 6:30 PM,’ (U/

{_on December 6, 1946, ,&yﬁsm contacted BROTHAN and informed
him tm;.)&ﬁmm s leaving town Aoohid would return the following Wednesday
and discuss in detail the points in the egreement and option, (ZA}

On December 7, 1946, T-2 stoted that LEO GOTTLIEB contacted
BROTHWLN and informed him that he hed BROTHMAN'S memorandum concerning the
erection of a plant in China for the Chinese Goverrment and wanted to meet
with BROTHMAN about the metter., CGOTTLIEB furnished his phone number as

Hanover 2-898G, LZAQ
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On December 13, 1946, T-2 stated thet BROTHMAN mede injuiry of
the imerican~Russian Institute library te ascertain if they hed the following

" publication on filet ®"Journal of General Chemistry--USSR", volume 11, peges

1111-1120, BHe vwas gxformed that this document is not on file at the imerican-
Russian Institute.( ]

"~ On December 16, 1946, H. LEVINE of the Common Wealth Plastics
Corporation, Leominister, Massachusetts, contapted BROTHMLN and wanted to know
if BROTHMN could arrange e meceting for th inese Purchasing Commission
which has indicated an interest in en operdtion in this country. LEVINE
stated he was in favor of working out an arrangement whereby he and
BROTHMAN would make & deal with the Chinesc to manufacture certain raw
materials for them at the "Bast Plent" or perhaps the Chinesec would be
interested in buying 2 half interest in the main plant. BROTHMAN was in
favor of arranging @ meeting with the Chinese end promised to acdvisc LEVINE
what time would be convenient for him.@l A

On December 19, 1946, H. LEVINE 2gain contected BROTHVAN and
suggested thet BROTHM/N visit the WEast Plant® at York, Pennsylvania.on the
following Monday or Tuesdzy to survey its possibilities. BROTHMLN agreed

to do so and stated he would contact , General Manager of the plant.v‘ J
On December 21, 1946, BROTHMAN instructed OSCLR VAGD, onc of

his pertners, tc go to York, Pennsylvania to inspect the "E2st Plant" end to
bring beck frechand sketchs of the plant in order to determine if BROTHMAN
could use it.(’u }

On December 23, 1946, BROTHMAN contactcd H. LEVINE zt Leominister,
Megsachusctts stating thet he was arranging for 2 Job with the Chinese
Purchasing Commission for the manufacture of certein chemicals.(‘(«(,}

On December 24, 1946, IEVINE informed BROTHMAN that the atiempted
deal with the Chinese Purchasing Commission had fallen thrcugh and thet the
Chinese wented to go into the venture alones

In comnection with another big business deal, BROTHMLN stated
he wes trying to contact BERGMAN in Philsdelphia, LEVINE stated would
ettempt to contact BERGMAN for BROTHMAN anl advise BROTHMAN laters ‘u]

On December 26, 1946, T-2 stated thet BROTHMAN agreed to meet

Dr, BERGMAN at BERGMAN'S suite in the Hotel Selisbury, 123 West 57th
Btreot on the evening of Dacember 27, 1946. k’u_l

U
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‘ On Jermuary 15, 1,7, & UANI, 183 Brown Street, Providence,
+ Rhode Island, contacted BROTHMAN expldining that he has a tusinese contact
in Switzerland who is anxious to have a connection in the ménufacture of ,
plestics. BROTHMAN suthorized RUANI to contact this friend on his behalf.('bbl

"On Jamuary 22, 1947, Cenfidential Informant T-4, of known
relispility, advised thet a Mr NEN, possibly identical with Mpe JAMES
Xmﬂ 40 Viest 4Oth Street, and a contact ¢f JULLS KORCHSIN, was endeavoring
to make an appointment with EROTHMANe (XA — :

- - T4 reported on Janusry 23, 1947 thet BROTHMAN was in contact
with a Mry ST who advised thet his Atlantic City telephone number was
Shore 2-9778. (U :

Confidential Informant T-5, of known reliability, reported that
STRICKLER is probably SIMON H, {ICKLZR of Strickler snd Company, 45 Church
Strect, Paterson, New Jersey. G{ |

On Jamuary 24, 1947, LEO_GOTTLIEB endeavored to contact BROTHMAN
and furnished his phone number 2s lembert 3-5833.

SOI/XRANSHEL, an employec of BROTH4N, during which conversation the neme of
HERS

On the same date, T-4 reported thet EARL GILMAN conferred with
I@BINOV‘.’IT;, a former employee of BLOTHMAN, wes mentioned, ‘&U .

On February 12, 1947, one DPKP/I:UM (ph), Room 1819, 1440°
Broadway, New York City, endeavored unsuccessfully to contsct BROTHMN, %,“

T~} reported on the same date, that s telephone number
Evergreen 8-0036, endeavored to contact BROTHMAN. \3 -

T-4 reported on March 25, 1947 thet MIRIAM MOSK(IITZ contacted
NEEDLEMAN at lmtorg during which she 2iscussed the latest business ventures

of the BROTHMAN firm. She stated that the IEVINE.deal hed fallen through but
that, til_f}%.‘l‘. business in In’ia is going e2long nicely., She zlsc mentioned
%

thet Dr ¥ (ph) had invited BROTHIUAN to England during the month of April
to "sigd with them." She stated thot Dr. POM had been in the United Stetes
during the pest month at the Hotel Ll3en and is interested in the manufacture
of plasticsiu

T~, rcported on April 7, 1947 that BENRARBXAISHKIN, an associzte
of BROTHMAN, went to London, England on April 7, 1947 Pen American Airways,
returning to New York on Aprili L2, 1947. This source stated thrt MISHKIN
had made the trip to see JAC NERINILC in Iondon concerning an agreement
to manufecture plastics, Lu\

~1&.-
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On Merch 28, 1947, & male indiwviduel who {demtified himself os
- VE® contacted B \N advising thot ecrly the following week he was
- entertaining one HAROLQAVINE (ph) at dinner end wagted EBRO’.I’H!»JMI to meet WINE,

-
S

He explained thet WINE was the aessistant to GE, the representative
of the Depertment of Justice to the Atomic Energy Committees (Z»{/

On April 1 and April 2, 1947, a physicel surveillance wes maintained
on BROTHMAN in eneffort to identify nmmsow with negative results. [u

4gain on Arpil 10, 1947, T4 reported thet "HANDSOMEY again
contacted BROTHMAN steting thet he would ase BROTHMAN at his office at 5315 P.M.
However, T-4 later reported thet this individual chenged the eppointment to
2400 P.M, the following day. Agein a physical surveillsnce was placed on
BROTHMAN'S office in an effort to 1dent$.fy this individual with negstive
results, L'uj

T-5 reported thet BROTHMLN continues to be in contact with
Dre MARIO L. OTTMHIENCHI, 183 Brown Street, Providence, Rhode Islapd. It was
this same source thot advised that BROTHuAN was in contect with D;%MCHLEI‘T,
220 Eost 23rd Street. (&L)

T-5 reported tiat on Janvary 22, 1946 2 contect was made by the
sic Room", 129 West 44th Street, which firm is known to be vanted by ERIC
FRNAY, 2 known close essociste of ARTHURADIMS, Soviet agente (ZL)

Copfidential Informant T-6, of known rdliab r |

qruornavion £o thls was made evallable by 1-6 or any o .rce.‘p b‘\
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_ALIEGATTONS OF ELIZABETH T, BENTLEY AND SUBSEUENT
OF BROTHMAN AND HARRY GOLD ,

ELIZABETH T TLEY has advised that in about May, 194

was introduced to BROT s "ho= phodograph she identified, by JA LOS,
known Soviet espionage agent » Who t0ld her that BROTHMAN would furnish her
with certain blue prints. She stated thet in the summer of 1940 until the
fall of thzt year she met with BROTHMAN about ten times and obteined the blue
prints from hims On scme occasions, she stated thet BROTHUAN gave the blue
prints to GOLOS and all other times to her, She stated thet she ususlly met
BROTHAAN at Mosler 8afe Company, 5th Avenue and 32nd Street, New York City,
after which they would go to dinner and BROTHMAN would turn over the blue
prints, On several occasions, copies of the blue prints were made by GOLOS
and the originals returned to BROTIIAN. BENTIEY wes not certain what the
blue prints containeds In the fall of 1940, BENTLEY stated thet GOLOS was
disgusted with BROTHW.N and thet he was turning BROTHMAN ever to someone else.

On Mey 29, 1947, ZBRAHLM BROTHUN was interviewed in his office, (
Room 1212, 29,8 - 4lst Avenue, Long Island City, New York. BROTH/AN was first
questioned rcgerding his submitting informetion or furnishing blue prints
to any individuals who might have connections with a foreign goverment,
BROTHMLN stated thet he had furnished blue prints to & number of individuels,
eni it was a common practice in the engineering field to submit blue prints
to certein individuals who might possibly be in a possition to obtein contracts
for a fim, (w

BROTHMAN was then specifically questioned as to whether or not he
had been acquainted with an individual by the name of JACOB GOLOS. BROTHMAN
stated thot he could not recall this name, end a picture of GOLOS was ex-
hibited to hime BROTHM.N denied knowing GOLOS at this time, Thercupon &

icture of informant GREGORY wes exhibitqd to BROTHIN. BROTHMLN identified
%REGORY &s an individual whom he knew & N.# BL.OTHMAN was thereupon
vigorously questioned as to his acquointanceship with™ELEN,® He then ad-
mitted thet he did recognige the phtograph of COLOS but was unable to state
the name of this individuwal., BROTHMAN then releted the following concerning
his knovledge of JACOB GOLOS and "WHELENs" u)

Lecording to BROTHMAN, sometime in 1938 or 1939 an individusl came
to him et his office et 114 .East 32nd Street, at which time BROTHUN was
operating a £irm under the neme of the DRepublic Chemical Mechinery Company,
which company was aassocisted with the Hendrick Manufecturing Compeny et .-
Carbondale, Pennsylvania, <This individual told BROTEMAN thet he had com—

LR



%
-
P

s

NY 100-95068

tacts with the Russian Government and thst he was in & position to get con—

tracts from the Russian Government for BROTHYAN, if BROTHMAN would turn
over to him blue prints of certzin products BROTHALN was working on at

that time., BROTHMAN stated thet the blue prints wers his own prcperty end
they were for the most part blue prints of shafts, vats, and other equipment
necessary in tho operation of & plant manufacturing chemicals, ( u/

hccording to BROTHMAN, visited his office on several
occasions and sametime following hi® original visit, he introduced him to
an¥ individusl known only &s "HELEN.® BROTHULN stated that he was under the
impression that WHELEN' was sé¢retéry to GOLOS., GOLOS advised BROTHMAN that
RHELEN' would in the future obtsin the blue prints which he had becn accustomed
to turn over to GOLOS. CLL) : ,

WHELEN" visifed BROTHMLN'S office over & dozen times during 1938-
1939-1940 and sometime 1940,"HELEN" stopped coming to his office and another
individual named HIRRPAPOLD came to his office and said he represented
GOLOS, the individual BROTHMAN had already identified es the man who made
the original contact with him, GOLD visitcd BL.OTHMAN'S office on 2 number
of occasions during 1940 and 1941, BROTHMLN stated thet GOLD, et thet time,
was living in Philadelphia and used to make the trip to New York approximately
every throe woeks and obtein these blue prints from BIOTHJ.Ne. He said thet
to the bost of his recollection tho last time GOLD picked up the blue prints
was late in 1941 or early in 1942, (‘&(j

BiOTHMAN was then questioned as the the whercabouts of HARRY GOLD,
to which he replied tret GOID is presently employed by him as & chemist in
his laboratory in Elmhurst, Long Island, BROTHI4.N emphstically stated that
GOLD was the last individual to pick up any blue prints or matorial which
was to be furnished to GOLOS, He also stated thet he did not know the
present whorcabouts of GOLO8 snd denied thet he was ever contacted by any
otherindividuals other than "HELEN® end GOLD as individvals who represented
GOLOS.K‘L{.)

BROTHIAN was questioned &s to the nature of the blue prints that

" he hed turned over to G0IOS, &t which time he displeyed the blue prints, copies

of which he st1ll had in his offices, and an examination of the blue prints
was made and it was determined that they were 21l concerned with blue prints
of shafts, filters, vats end other machinery used in the manufacture of
chemiocals, BROTHMAN stated thet soms of the blus prints which he turned
over to GOLOS and WHELEN as well as to GOLD were returned to him, but others
were retained by theme He emphatically denied that he hed ever turned over
any blue prints which were of a restricted or secret mature perteining to the
war effort of the United States or any plens which the United Ststcs might
be concerned with et the time. (‘Y
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Reletive to the Hondrick Menufacturing Compeny et Carbondale,
" Pennsylvania, BROTHMAN stated that he himself hed founded the Republic

- Chemical lhchinery Compeny which wes set up 2s an engineering and designing
company dealing solely with instruments end material to be used in the
manufacture of chemicsls., He stated thet at the time he had formed the
Republic Chemical Mechinery Company, he was gssocisted with the Hendrick
Menufacturing Company end worked with thet company until 1942, BLOTHMAN
added thct all of the blue prints which hed becn turned over to the
individuaels mentioned hereinbefore werc his own pcrsonal property belonging
solely to the firm thet he had founded, LZL)

BROTHIN was specificelly questioned &s to how he had beeome
acqueinted with JACOB GOLOS. He rcplied thet possibly GOLOS knew of his
firm through cdvertising in the verious chemical megezines, Ho emphotically
stated thet this was the only possiblc way thet GOIOS would get in touch
with him end denicd thrt enybody had ever scnt GOLOS to him.,BROTHLN then
stated that it wes a comnon practice in the engineering field to turn over
blue prints to verious individuals in an effort to obtain contracts. He
algo stated that this was his sole purposc in turning over the blue prints
to GOLOS; namely, thet GOLOS had stated that hc wes in a position to obtein
contracts from the Russian Governmoents (:LL)

BROTICAAN vas questioncd regerding his activities and contacts
with the “ussian Government, He stazted thet he hed submittcd verious con-
tracts to tho Soviet Purchzsing Commission end the Amtorg Trading Corporation
but thot he had never obtained & contract from either of these two agencies
reprecsenting the Russian Govermments Hs offered the informetion that he
hed recently obtained a contract from the Chinese Covernment end thet he
hed obtained this contract by the same means thet he had used in obtaining
all of his contracts; namely, by submitting plans and blue prints to
individuals reprecsenting tre Chinese Govermmcnt, and they had given him
the contract for the development of 2 material which they hoped will
eventuelly rcduce the cost of manufacturing lucite.( Z(

BROTHMAN was then specificellyquestioned as to whether or not
he had ever been assacieted with the Communist Party cr had attended any of
the mcotings or Comrmunist affeirses BROTHUAN replied thet hc was e member of
the Young Communist league during thc tiie thet he attende? (olumbia
University; namoly, in 1933. BLOTHIAN steted thet he did not ettend any
Commnist Party mcctings et the present time nor wes he actively engaged in
any Commnist Party affairs,
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. BROTHMAN was then gquestioned as to whether or not he had ever
suspected that JACOR GOLOS was engaged in esplonage activities, ~BROTHIAN
replied that during the time that the Canadian espionsge case broke in
Canada in 1946 in reflection he became suspicious’ of GOLOS and thought
possibly he was engaged in the type of activity that existed in Canada.L )

‘ BROTHAN offered the information that he was a member of the .
Political Action Committes and had attended meetings of that organization.L}L)

v A
Res RARRY GOLD 7 a*/' role .,:.&)‘/ud/
The following investigation concerning HAH.RY : was conducted

by Special Agents DONALD E. SHANNON and FRANCIS D. O'BRIRN on ey 29, 1947t (¢)
| GOID is the individual to whom LBRAHAM BROTHZN turned over

blue prints which he had in his possession, and GOLD also is the individual

who obtained these blue prints at the express direction of JACOB GOLOS, now

decessed but who was an agent of the Russian Government.

GOLD was interviewed on Iy 29, 1947, in the i, Brotiman
hssociates laboratory, 8503 — 57th Lvenue, Elmhurst, Long Island. GOLD stated
that he was born December 12, 1910, in Switzgrland and that came to the
United States in 1614 with his parents, SL.AGOLD and CELIMMIOLD, both of
whom were born in Russia stated that his parents cams to the United

- States under the name ﬁ%usm but changed their names at the time

7Y they were maturalized./GOLD statéd that he moved to Philadelphia after a
short time and attended the public schools of Philadelphia, and in 1929 he wes
employed by the Pennsylvania Sugsr Comoany in thcir laboratoriess (Z{,)

Subsequent to this time, GOLD attended night school at the Drexel
Institute in Philadelphia, the University of Pennsylvania, and Columbia
University, and he shortly thereafter obtained a leave of absence from the
Pennsylvania Sugar Company in order to attend Xavier University at Cincinnati,
Ohto, from which university he received a degree of Bschelor of Science
Summa Cum lsud in 1940, OOLD geve his address in Philadelphia as
68-23 Kindred Street where his parents presently reside. GOLD stated that
ke was presently renting a8 room at Elmhurst, long Island, and that he commutes
to Philadelphia on week-ends. His address in long Island was given as
4209 Hampton Street, Elmhurst., GOLD is residing with a family nam)yﬁmsm.
at this address. Ln} A

In the course of the interview, HLRRY GOID advised thet he had
been employed off and on since 1929 with the Permsylvania Sugar Comparny.
During his employrent with this company, he became friendly with an individual

-0 -
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’ by the name of CAR OODLESS whose father wes an official in the Pennsyvlania
* Sugar Compeny. In October, 1940, GOLD rdvised, he ettended & meeting of the
Americen Chemical Society ot the Franklin Inst.ltute in Philadelphic,
Pennsylvania, together with CARTER HOODLESS. At the conclusion of the meet-
ing, HOODLESS introduced him to an indiviiusl whom he recrlled as JOHN
GOLUSH or GOLISH (ph). 4 photograph of JACOB GOLO3 was then exhibited to
RY GOLD, and he identified this photograph as that of JW}I;SH of
d,? LISH to Whom he ws introduced by CARTER HOODLESS in Octofer, 1940. ( %)

Lt the conclusion of this meeting £t the fmerican Chemical Society
and after the introduction had teken place, HARRY GOLD advised thrt he and
GOLOS went to & restaurant on Broad Street in Philadclphias Be wes umable
to recall specifically the name of the restaurant but thought thet it might
be LEW TENDLER'S RESTATRANY. They remeined at the restsurant until 2:30 4d.M,
In the course of their conversation, GOLOS made the following proposition
to HARRY GOLD. He advised him that he had some connections with some
individuals in a foreign country, not naming the country, and th2t he had
connections with an individual in New York City by the name of LBILHLM
BROTHMAN and BROTHMAN was turning over to him ceertzin blue prints which had -
a connection in the chemical field, GOLOS told GOLD thet he had to heve a
recognized chemist who would go to New York City, make contact with ABRAHAM
BROTHNAN obtain from him certain blue prints, and then evaluate these blue
prints on & chemicel basis, GOLD stated thst no financizl agrecment was
entered into but thrt there was an understrnding thet he would receive some
rcward for the work he was to perform, Lu

GOLD stated thrt about two weeks cfter this meeting, he telephoned
ABRLHAM BROTHMAN in New York City and introduced himself to him over the
telephone s a representative of JOHN GOLUSH or GOLISH and mede an appointment
g to come to New York City to see BROTH'ILN within e week or so, Within a
i week or two after this telephone call end sometime in November, 1940, HARRY
¥
]

GOLD mecde his first trip to New York City where he contacted LBLAHAM
BROTHMANe  This meeting, according to GOLDs took place in the evening in

a resteurant in the downtown section of New York City. GOLD was unsble to
recall the meme of the restaurante The two had dinner together and BROTHMAN
turne over the blue prints to hime 2 }

GOID stated thet for the next six months he made visits to New
York City on the average of every three wecks. 41l of these trips were
nade in the ovening as HARRY GOLD steted he had to atten? to his Job in
the daytime, He also advised thrt he rcturned to Philadelphiz on the same
evening thet he came to New York City an? thet on no occasion did he stay
overnight in Now York City during this six months' period. (u)

g
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During this seme period he received four or five phone calls
from GOLUSH or GOLISH an~ in 211 of these telephone calls, GOLUSH would
. stete that they wonll have to get together very shortly for a meeting, which
. meeting, according to GOLD, never took plzce. The last phone cell from '
"~ GOLUSH or GOLISH was made in May, 1941s No further wcrd was heerd from him,
* aceording to GOID. () B

GOID stated thct after his second or third trip to Now York
City and the phone calls from GOLUSH or GOLISH, he felt thet there was
nothing to the proposition and he became morc or less disinterested in it
However, in the meantime, he and ABIAHAM BROTHMAN had become quite friendly
and ABRAHAM BROTHMAN exhibited an interest in HARRY GOLD'S carcer &s &
chenist, In this regard, GOLD stzted that BROTHMAN geve him scveral cdd
Jobs to perform in his capecity as a chemist and thet he peid him for this
worke It was through this comtact, according to HARRY GOLD, thet he sub-
sequently became employed by LBRAHAM BIOTHMLN in February 1946. GOLD ~
steted thet ever since 1941, ABRAHAM BROTHMLN had been intcorested in having
him come with his organization on 2 full-time basis, but it was not until
February 1946 that he could see his way clear to accept such employmente (Z{,)

RIRRY GOLD was questioned very closecly as to eny finenciel
arrangaments that hed been entered into between GOLUSH or GOLISH 2nd him,
He stated thet he did not receive one cent from him and thet he hed only
secn GOLUSH on the one occasion in October 1940, He was then asked who
paid his fare for these trips he macde every three weeks for a six months!?
period from Philadelphiz to New York and rcturn. Hc steted thet he himsclf
stood the expenses for the first two trips and thet after he became friendly
with ABRAHAM BROTHMLN, BROTHMLN would give him a §500 bill to sustain the
expenses of his trips to New York en? return. (,7,(3

The following is a description of HARRY GOLD as obteined from
-observation and interviews

Nemes HARRY GOLD

Lges 36 :

Borng December 12, 1910,
Switzerland

Rosidences 68-23 Kindred Street,
Philadelphia, Pennsylvenia

Heights 51 6"

Weightt 180 pounds

Eyest Hzzel

Hairs Brown, wavy

Build: Short aznd fat

Characteristics: Round, full face, prominent

protrusion of eyes, U )

Ay \
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ADDITIONAL CONTLCTS OF SUBJECT

In the course of the physical surveillance on BROTHUAN from
November 28 to December 28, 1945, the following owners of eutomobiles
were observed in the vicinity of BROTHMAN'S laboratory.

NA2ASOLDBLUY,
783 Troy Avenue,
Brooklyn, New York

PERCY STRIDGE, -
114-27 134th Street,
South Ozone Park, Long Island.

GEGRGRHRTCKSOY, .
31~31 93rd Street.
Jackson Heights, Long Island.

RALPHAL.LBES,
-3307 37th Avenue,
Iong Island City, (u/)

Also an automobile belonging to CH/RLES¥TANGUIE, 167 Circle,
Little Ferry, New Jersey, was observed neer BROTHMAN'S business premises.@(j

On February 27, 1950, JNTHUR RAVEBER, former business 2ssocizte
of BROTHMAN, .was interviewed by the New York Di‘i‘ice in an effort to obtain
the identities of additiomal contacts of BROTHMAN at the time he was able
to furnishe the names of BERNARD 0SG OPMLN, Columbia University,
professor, and PIRCY NADEL.\?/U '

. Ieter on March 3, 1950, WEBER furnished the follcwmg adional
contacts of BROTHM/iNg 1

..J&«ﬁ&!!é,gﬁw/JP

WEBER described him as a New York City attorney who was representing
a group of persons in 1942 or 13 who were intcrested in buying a brewery
in New Jersey with a view towards using the prenises to manufacture lactic
Lcid, JLRVIS, an acquaintance of BROTHMAN, contacted BROTHMLN and WEBER
anl requosted them to organize the brewery. * They recommended against
the use of the premises, (3{)

\ _23_
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WEBER stated thot BREOTHMAN comtrotoc MITTLEMAN for legal advise
on a engineering contract which never matorialized, (ul

WEBER steted thet BRAND is another New York ettorney who was
retained by BROTHMAN in 1943 to hendle & contrect rcgarding work with the
Bridgeport Bress Company. (ul

THUULRKMAN (ph

© M/RKMAN was an old frien? of BROTHMAN en- the BROTHMLN family and
WEBE2 first met him while working with BROTHRMLN at the Bondrick Manufactur—
ing Compeny in 1941, He stated that WIKMAN was en officer in a bank
located in the vicinity of 14th Street in Menhettan and thet BROTHMAN'S
wife ha(! apparently werked zs a secretary for M!;TJQH;N.('&

F:‘dxg éPPLEH (ph)

stated he first met this person in late 1943 when he came
to visit BROTHMAN at Chemurgy Design Corporation. XEPPLER was & personal
friend of BROTHRMAN end apparently there was no business connections
between them although ’.’IEBEI}’belisvea he was in & similar business to that
of BROTHMAN,. [u { /

Lt a subsequent interview, VEBER identified 2 picture of HAIRY
GOLD 25 tho individual known to him as FRANK KEPPLER. ‘¢ )

WEBER stated thet MILLS was ancther aoyueintance of BROTHMANS
en? wes 8 judor executive with the Bridgeport Brass Commanys. TEBER
steted thet contect was mace with MILLS in an effort to get a contract
for conswlting and design work with the Bridgeport Brass Compeny, It

is possible that MILIS is icdentical with JL : ! mentioned as an
scquaintance of BROTHIAN by T-2 and T-4e (U4 }

Cy M%‘sx ‘

He steted tret NLSH ig & former comptroller of Goldman—-Sachs.
RASH contacted BROTHMAN and WEBER on several occasions, at which time he
was acting es 2n agent for buycrs end sellers of chemieal plants, &4s of -
bdupgust, 1949, RUSH was associated with the /merican Weighing Corporation.

3t
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SHINDLIR

YEBER stated that this indivicuel use to visit BROTHMAN at
the Chemurgy Design Corporation an!® thrt he opereted 2 small peint factory

in Brooklyne t&{, oo ®

' In the interview with WEBER, "EBTR states thot the did not
get along with BROTHUN due to business /ifficulties an BROTH LN'S /
left Uing tendencies, He steted thrt OSCAR VLGO, EiJL B/RISH, JUL™S
KORCHEIN, business associetes of BROTH'UN, were also Loftists in their

_ think:lng to which VEBER also objected. (u)

With respect to the contract which BROTHM.N obtained to construct
rogol ‘Bombs, WEBER advised thst BROTHMLN got this contract in about
August 1943 amd thet the Bridgeport Brass Company was the prime contractor
end the Regel Chemical Compeny 2 subcontractor, He believed that the
contract wves completed in t

: ! ! hy 11 of 1944, therefore,
it would eppear at the time Ws reporting on
BEROTHIAN®S airs,the 8eroxl "contract was either completed or nearly bl
conpleted, ‘ : ) -

VEBER steted thet he hed mede several business trips to Chieago,
Wllmington, Delaware end Iancaster, Pucnnsylvania and othcr places but
recalls only business contracts having been made by BROTHUN, (&)

WEBER described BR.OTHMAN &s a conceited, domineering individual
who is & good chemical engineer but trles to give the impression thot he
is much better, He stated that it was customary for BROTH AN to have
luncheon with several of the individuzls employed at Chemurgy e2ch day
end spend most of the lunch hour bragging about his accomplishmentss QL)

IDENTIFICATION OF BiOTHMAN'S CONTACTS

Ooni':.dential Informent T-19, of unknowa reliability, advised
that KOOPMAN ' was ‘born 4ini- Peris, Frence in 1900 of lmerican parents,
He greduatel from Herverd University in 1624 obtaining & P.H.D. in 1926.
He hes becen at Columbia University as 2 faculty membor since 1928, He

was hgsistant Professor of Methemetics until Merch, 1944 whon he obteined
- & leave of ebacnee to do work for the govermment ?t. Hervercd University,.
EQOFLLN redurned vo Columbis Umdversity in December, 1945 whare he is now
Aufeil professor and liwes at 430 West 118th Street Newr York Citys . -
Confidentisl Informant.BeR0, 6f uninovm renability, adviged that XKOORX
registered as a Socialist in 1835 Ke married for the second tine in
about 19384 [f |

25



Confidential Informant T.21, of unknown reliability, advised
that 4n 1944 and 1945, NADEL operated the Delton Products Corporation,
485 Fifth Avenue, New York City himself as President and his wife as
Vice-President and Captain JOSE ON as Secretary-Treasurer, NADEL'S
office is now located at 154 MaSsadu Btreet and he lives at 79 Schenck
&venue, Brooklyn. Confidentisl Informant T-22, "of known relisbility,
advised that NADEL was born in 1896, His wife's name is ADELE, MNADEL
and his wife were members of the I§0, Lodge €00 in New York City in 1948

LADTHR A&VERIAMCH A’;{' m

DR, ERNST BERGILN V: P

Inquiry at the Hotel Seslisbury, 123 West 57th Street, New York
revealed thet ons DR, ERNST BFPRMAN had occupied a suite belonging to CHLLL
ANN in December, 1946, Confidential Informant T-24, of known reliabilit

. of known reliabilit

Investigation by the Philadelphia Office reflects that BERGMAN
performed work in the laboratoriss of the Publicker Industries, Philadelphia,
Pennsylvania as & result of an agreement by the Weizmann Institure of
Palestine and the Pudlicker ‘Industrle% These two organjzations had made

L
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: _ &n agreement whereby Publicker Industries would handle a1l patent arrangements
: . Tor the Veizmann Institute in the United States, In addition, the Weizmann
”T?,Imtitute furnished the consultant services of persons like BERGMiN. }
' EGEELL

FRRLE:!

T-2 reported thet BROTHMAN was in contact with an individual

" named POVELL, Room 405, Park Square Building, Boston, Massachusstis. Boston
Office ascertained that Room 405 in that building is occupied by the firm
Flagg, Brackett, Durgin, manufacturers! agents. The company employes nine
poople in Boston and has a sales office et 250 Vlest 59th Street, New York
City. The firm is a partnership furmed on January 1, 1944 to act as sales
engineers for marufacturers® agents in New England., It is engsged principally
in selling to construction companics which are engeged in 1light manufacturing
and specializing in power plant and oil refinery equipment, POTELL has not
been identified ﬁzrther.\’l&\

LUD"IG ROSENSTLIN

7-2 has reported that BROTH N was in contact with a Dr., ROSENSTEIN
in 1945, telephone number MU 5-2466. The 1945 Menhattan telephone cdirectory
lists LUDGIG ROSENSTEIN, Consultant, 405 Lexington Avenue. He also main—

. tains a laboratory at 114 East 32nd Strect and residence at 125 Bast 72nd
T Street, New York City. New York indices are negative on ROSERISTEIN.tbL)

JERGE _JARVIS

Confidential Informant T-13, of knwri reliability, a‘vised thet
in about 1945, JLRVIS was residing at 17 Tiest 67th Street, New York City.
He was born in 1905 and has been engaged in the practice of law in New York
City since 1936, He is a graduate .of New Jersey law School and received his
early education abroad. Confi‘ential Informent T- of knovm reliability,
reflocts that JARVIS was born under the name SA TITZ on May 22, 1905
in Russia and was naturalized in the Bronx County, New York on January 23,
1928, BHe indicated thet hc hac attended Central High School, Newark, New
Jersey 1923-192, New Jerscy law School 1924-192 d City College of New
York, 1929, He served his clerkship with CR/R CHT, attorney for the
Russian Govcrnment, 10 East 40tk Syrect, New York City. T-14 elso advised
that JRVIS worked under JOSEPRATICH.EL in the law Department -f Jmtorg
Trading Corporationrwhen that firm was located at 261 Fifth Livemue, New York City@_,’

m

Confidential Informent T-15, of known relisbility, reflected that
J/RVIS, in October 1942, was employed as General Coumsel for the Canadian
©  Radium end Urani poration, 630 Fifth Lvenue, New York amd hendled 1legsl -
" matters for BORISy , Prcsident of the Radium and Urenium C(?oration.
AWl

- 48 of 1945, JLRV s sharing office space with CH/RLES RECHT

. 27~
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On July 3, 1946, JARVIS was issued & pasaport to visit BEngland,
“Frence and Czechoslovakia in éonnection with the import and export business
of clients. BHe left the United Jtates on July 9, 1946 and returned on
-dugust 7, 1946. Ls of July, 1947, J/RVIS and his wife were residing at 11
69th Street, Now York City.w} ,

DR, JOSEPH BLIRENFELD

hecording to informtion roceivod from Confitential Informant T-16, b VD
of unknown re

. - Confidential Informant T—l’? of known reliability, advised that -
BLUMENFELD was born OfSgptember 2, 1886 at Kichenevy®Roesia, :
- Mvod at 322 Viest 72n tredt end arriva’ﬂdn the " Wiited Statcs onkdie 30,
;.942, at Which time he was destincd to th ‘residenew of CHLIM “EIZMANN, his
~ brogben-in-law, Yhemaliving at the Hom oy - York City, His wife,
ENFELR,, n in Rostog,. i 1886‘:1(1 entered the United -
% as her husband% hstcdmm e a

- The Protective Metals Process Corporation, 51 Eest 42nd Strect,
New York City was organized by BLUMENFTLD in June, 1943 with BLUMENFELD as
Director and Vice-President. This enterprise was set up to contuct recscarch
t0 develop protective coatings for motalse The corporation discontimed
activity about July, 1944 due to the failure to develop the desired proccss,
In 1946, BLUMENFELD became active in the Weber ¥etals Corpcration, Bronv, New
York, manufacturers of cigar lighterss {IA)

Confiicntial Informent T-18, of unknown reliability, has steted that
he has never known BLUME L? to express political sentiments end is convinced
of BLU'ENFELD!'S loyalty.

CURRENT ACTIVITIES OF BROTHMAN

SROTHMAN lives in Apartmont 6F 2t 4108 42nd Street, Sumyside,
Long Island, He is the owner of a 1949 maroon, two door Oldamob;,le Scdan bearing

white wall tircs and . 1950 tag RC-2051. (ux

L current survcillance picture of BROTHAN was obt.ained on Februrary
2, 1950, BROTHMLN still operatcs the 1.. Brothman and Associates at Room 1215,

2928 4lst Lvenue, Long Island City.Lﬂ
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‘ Confidentisl Informent T-7, of unknown relisbility,has advised that
“BROTHMAN employes a clerk, a secretary, and & male assistant, believed by T-7
to be of Hindu extractions 7T-7 statcs that BROTHMLN maintains irregular hours
and at times is known to come into the building at 2300 or 3100 LZ.M. and work
far the rest of the night. In addition, T-7 knows thet BROTH!AN makes
periodic trips to Philadelphia for iwo or threce days at a time during which
there is no activity in his offices U\

Lpparently BROTHMAN still uses the premises at 8503 57th iLvenue,
Elmhurst, long Island which is ovmed and operated by the Peacock Roll leaf
Mill. The current Queens tclephone directory lists BROTHMAN'S office at
2928 418t Aveoue, Long Island City and his laboratories st 8503 57th Avenue
Elmhurst, long Islande The physical surveillance on BROTHILN on the evening
of January 22, 1950 revealed that he visited 8503 57th Avenue aftor leaving
nis Long Island City office.@,\

Confidential Informent T-8, of known reliability, a-vised on
March 28, 1949 that DROTHALN operetes As Prothman end hssociates at 2928 21st
8troet, New York City. His partner in this Busincss venture is WIRIAM
MOSKO.ITZe T-8 stzted that the busincss wes cstablished in OctoBE¥,; T946 and-
15 actworth in ilarch, 1949 was in excess of 15,000, On Octpber 11, 1946,
the firm wes registcred by BROTHMLN, HOSCCOITZ and OSCIR J#0.GOse On June
2, 1948, VLGO sold his intorest to his partner. IORIAM JOSKOTITZ is 32,
single and a graduate of City College of New York in 1942. From the spring.of
1942 to lugust, 1944, she was employcd 8s a gocretary in the Var Manpower
Comrdssion, New York City, &s of iarch 1949, the firm was engrped in
developing work for firms in the United Stetes and foreign counirices, incluiing
the Chinesc (overnmcnte The firm 4s described 2s expericnecd chomical
engineers which employes leboratory essistences when needcd, T-8 elsc stated
thet BROTHILN meintains a laboratory at 8503 57th Lvenue, Elmhurst, Long Island,
T-8 was unablc to furnishe any informrtion on the Phenix Service Burcau which
name is listcd on the building snd on BROTHMAN'S door.@_]

Confilential Informant T-9, of known reliebility, ardvised thet
A, Brothman and Associstcs meintains a bank acccunt et the Nationol Zity
Bank, &ucns Plaza Branch and hes an average balance of about $200,00. The
balance as of February 23, 1950 was $408.40s The highest balance during the
month of February, 1950 was $504.17s The total deposits in the month of
Februery amounted to gbout 1,200, BROTHILN 21s0 mzinteins a personal account
Jointly with his wife, NAOMI, the balance of which was {76448 as of February

23, 1950.(1',0

Confidcntial Informant T-10, of known reliability, edvised that
BROTHMAN, cduring the months of February end March, 1950, has been in comtect
with the following firms &nd in&ividualsxku_\

-9
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The Bristol Company,
Post Office Box 1790,
Haterbury, Connscticut

Ne Y. City Business,
Classified Directory,
303 Washington Street,
Brooklyn, New York

Kymmene, Aktie Bolag,
Kuusankoski,
Finland.

S« SyAVasan,
University of Utah,
Men's Dormitory,
Building 459,

Salt lake City, Utah.

Finn and Company,
2850 8th Avenue,
New York 30, New York

Autometic Switch Compeny,
391 lekeside Lvenue,
Orange, New Jersey.

The Royel Tyhs liorks
2 Kemps Town,
Tiruchirepaii,

S. India.

Mallinckrodt Chemicel Viorks,
72 Gold Strest,
New York 8, Naw York

Now York Public Iibrary
Photographic. Service,

sth Avenue and 42nd Street,
New York 18, New York

Re Co As Inc, »
66 Broed Street,
New York 4, New York

Mactell Service Compeny,
489 Fifth Avenue,
New York 17, New York

Photoswitch, Ince
7?7 Broadway,
Cembridge 42, Massachusetts

Rohm & Hass Company,
Teshington Square,
Philedelphia 5, Pennsylvania,.

“esun Engineering Company, Ltd.
5.7, Second Line Beach,
M&dras—l »

India,

Kymin Osekeyhtes
Kuusankoski,
Suomi, Finland

Srit R. Mgmani

Care A. Brothman & lssocistes,
2928-/1~Avenve,
Long Islend Cit.y 1, New York.

s,

Basel, Helvetia.

sril R. v. Ramm-’
India '

Eimer ant &mend
Oreermich and Yorton Streets,
New York 14, New York.

American labor Party,
4342 4Bth Strect,
long Islancd City 4,, New York tv(\

~an.
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The Dictaphone Corporation,  C. H. Kibble Company,
375 Howard Avenue, 41 Perk Row,
Bridgeport, Connacticut New Ygrk, New Yorke
UsS. Department of Commerce D%:mnan,
Buresu of Foreign & Mertin D, Gettry,
. Domestic Commerce, 276 Fifth lvenue, '
T Field Service, New York, New Yorke
E 5 42 Broadway, .
: 5%% New York, New York.
el Deliitt Clinton Alumni Zssocs The Feriseciner of Chem, and
: % Mosholu Pkway & Paul Lvenue, Travenlore, Lt.,
: ﬁ New York 63, New York. Trichinopoly,
- ‘ S. India,
Department of Justice, Inland Steel Conmpeny,
Inmigration Service, Chicago 3,
New York 25, New York. Illinois.
Incdustrisl) Process Engincers, Eimer & Amend,
8 Lister Avenue, Greenwich & Morton Strects,
Newark, New Jersey. New York L4, New York.
Suite 1501, Chicago Stainless Equiptment Corporatic
192 lexington Avenue, 5001 Elston Lvenue,
New York 16, New York. Chicago, Illinois,
N..¥. Tedephone Company, D%r, .
Post Offico Box 11, % Commercial Plestics, Ltd.,
Jackson Heights, New Yorke Reunlliers Building,
- Hills Place,
London, K. I,
Automatic Switch Commany, Eitel-McCullough, Inc,
391 lekeside lvenue, Sen Bruno, Celifornie.

Orange, New Jersey.

Industrial Process Engineers, Univcrsity of Mimmesote,

8 Lister Avenue, Institute of Technology,
- Newerk, Ncw Jerscy. Minneapolis 14, Minncsota.
/ : .
) Associated Lviation, The Metheson Compeny, Inc,
90 John Street East Rutherford,
New York, New &ork. ~ New Jerssy. LUJ
.
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OPSECRET

It would appear £fom the Won furnished by T-10 that the

assistant now employed by BROTHMAN is . \

Confidentisl Informant T-11, of known reliatdlity, sdvisad thet
PREE Wen in somtdct with the Lollowing tdivicuale and firms:

NEVINS CHURCH PRESS, *
92 Kidland Lvemie,
Glen Ridge, New Jarsey,

Uster Chamdcals, Ince,
Cliffwood, New Jorsey. -

Miss ARTIMAN, ¢
86 Wost 56th Btreet,
Bayome, New Jersey

ST ere Yy
IRMIND EB,
He Loeb and Sons,
4642 lancaster Lvenue,

* Prdledelphia, Pemmsylvenia.

Charles lennig and Company, Inc.

Resinous Products and Chemical Company,
Philadelphia, Ponnsylvania.

ALY S

PAL%)@G: T e
Hatboro, Pennsylvania

QU

Confidential Informant T-12, of known relisbility, who was aware

of BROTHM.N'S activities between February 16 and February 24, 1950, has advised

that he made no significant contact curing that period, T-12 advised that

BRNOTHMAN wsually works each evening aftur which he drives his secretary, g_.g?{]ég
partment

, to her home at 154 8th lvenue, Nuow York, and returns to his &

-‘apparently with RAMINI, who is apparently living with Bnomm.\u]
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Will expedite the coverage of all leads since the Bureau has
- indicated an interview with BROTH LN may. be authorlzed following the viewing
of OSC/R J« VAGO in New York by ROBERT HEINE'UAN on Jpril 12, 1950. v]

Vg orer e g1

o~y

i
t

GHICAGO
At Chicago, Ilinois F’ b/
7 : P
Will identify EMANUEL GREEN, 7853 Essex Street, Chicago, Illinois.
U
NEW/.RK

S e ———

Will identify the following contacts of BROTH !N

4Lt Carwood, New Jersey
ROBERT TUCKER, GRrwood, New Jersey. fﬂ

4t Hoboken, New Jersey
1, BOWEN, Bowen Engineering Company.

_At Paterson, New Jersey

STION H. STRICKLER, telephone number Sherwood 2-9778,
Strickler and Company, 45 Church Street, Peterson, New Jersey.

At Iittle Ferry, New Jersey
CH/RIES MANGULE, 167 Circle, Iittle Ferry, New Jersey.

Lt Bayonne, New Jersey,

18ss 0. SRLRTZMAN, 86 West 56th Street, Bayonne, New Jersey. \'UL |

~3b
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BOSTON
- 4t _Combridgs, Massachusetts g
W11 identify a . EARL, an engineer in Cambridge, !&ssachusetts.

At Boston, Massachusetts

Will endeavor to idemtify ik, POVELL, Room 405 Park Square
Building, Boston, liassachusetts. -

At Icominister, lassachusetts

. Will endsavor to identify RARRY LEVINE, leominister, liassachusetts.
(Commorwealth Plastics)

4t _Providence, Rhode Island

Vill endeavor to identify IR, RUANI and DR. !ZRIO L. OTTO LENCHI, -
both of 183 Brown Street, Providence, Lassachusetts,
(*

NEW YORK
At New York, New York

Vi1l identify the following contacts of BROTHILN by moans of g/},,/

indices check and contact with Confidential Informants T-8 and T-13t
%lr. SHURA", (possibly identical with SHURA SVAN), (\/Vul‘/"
EDV/RD J/COBS -~ telephons number :[U-~-2-6803.
10U BERNE (ph).
{fre FRISCHER

CY SILVERSTEIN (5,...#74 ~ “/ w) FP3

Ce S. WAN

SEVIOIR (CY) V.NDEIKCRN (ph) 67 Jane Street. (!%au ﬁ o)k

5. (r/{/
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BERNIE PIDTO
lieutenant OAS (ph) ~ JArmy Base

ENUEL GREEN ~ PS

ltra STEIGLE (ph) -.‘American Russian Institute.

ALEX VEBER - telephone number BA 7-6348.

JACK IMILLER

1EO ITTTLELN, Attorney, - telephons number W0-2-3100,
Er.HIIi, Room 310, 610 Fifth fvenue, New York City.

FRED BRIEHL, Walldll, New Yorke

GERLRD PIEL, Room 310, 620 Fifth Lvenue, telephones CI 6-4725,
CI 6-5343. :

l. S8FRINGER -~ telephone number EL 5-1123.

H/RRY SLAVIN, 510 West 172nd Streat, New York City.

1. KAHN, Consolidated Products Company, coh

LUDVIC HUSET (ph) TR

Mr, DEUTSCH -~ an engineer -'lz’abh

<« BALPERN -~ an employee of BROTHIAN, A» «/ 1efysT - P‘)L
—~ GONZALES
JACKSON

e IECITUR (ph) (possibly comnected with Flagg, Brackett &
Durgin, Boston, l&ssachusctts.

¥r POVELL, 250 West 59th Street, (Flagg, Brackett & Durgin,
enufacturers! agencs.)
\uJ
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~ MLTTHEW ZARRED, 48th Street, Sunnyside, long Island

WIURA STAN | |

~— BILL RAHALL, hcqueduct Avemme, Bronx, New York - }m/?‘/ "7 g/{‘ Y,
SOL FANSHEL ,,‘,./11?44: ~ P
JULIUS BRODY - FL 3-9533 or PL 3-9535
LIBERT OSBORNE
BEN SIIVERILN
1EO GOTTLIEB, - HA 2-8989 or lambert 3-5833
HERSH RABINOVITZ (f@wwtm/&yd’“’f 1f¥7.Pis
IR, PLIM, (ph), Room 1819, 1240 Broadway, New York City
lir, FIELER, — EV 8-0036.
E, LACHLETT, 220 East 23rd Street, New York City.
FRIC BERNAY

N:/T GOLDBLUM! 783 Troy Lvenus, Brooklyn, New York.

PERCY H. ESTRIDGE, 114-27 134th Street, South Ozone Park,
Long Island, ‘

GEORGE ERICKSON, 31~31 93rd Strect, Jackson Heights, Long Island,
RALPH H/RABES, 3307 37th /wvemue, Long Island City,

LLEX BRAND

ARTHUR MARKIZN (ph)

JICK ¥ILIS8

Ce Ls RUSH

SHINDLER, operator of paint factory, Brooklyn, New York, t/(,}

-
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CONFIDENT IAL INFORALNTS

The Confidential Informants mentioned in the report of SA JOHNR,
MURPHY, JR. dated , April 5, 1950,

at York are as followst
12 Former Confidentiel Informant ‘

T 4

-3 . Lnorymous by
T Former Confidential Informant (.
T-5 Wil cover meintained on the offices of JBRAHLM

BROTHIAN in 1947.

s S \ ]

7 GEORGE HIRD, Building Superintendent at
2928 41st Aveme, Llong Island City.

= ® | ’

-

-9 Records of the National City Bank, Bridge
Plaza Branch, Long Island City.

T-10 Current mail cover on ABRLAHAM BROTHIN.
T-11 A | 1 D
T-12 Physical surveillance on BROTHILN from
' February 16 to February 24, 1950.
T-13 Records of the Credit Bureau of Creat New
York.
T-14 Records of the New York Dar lLssociation

which were check in connection twith the
investigation of SERGE JIIVIS.

T-15 Tocords of Selective Service Board,
Mumber 30, New York.

39 .
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7-16 Confidentsal InformentQ | EVH %

T-17 Records of the Immigration and :
Naturalization S8ervice, 70 Columbus
Lvenus, New York City.

7-18 GECROE DORIOT.

T-29 VERA SOUTHILND, Secretary's Office,
Colubbia University. ~

T-20 Board of Election Records, New York City. -

721 FRLNK F/RIEY, Donohue Rentel Company,

489 Fifth Avenue, New York.

2 Jm L LD

T-23 FR~1 File, State Department (See letter of
Weshington Field Office, December 12, 1944).

=24 BERG!AN'S visa application contained in
Bureau files and set out in Bureau letter,
larch 8, 1950 in "FOOCASE, Espionage -~ R."

2 ) ||

REFERENCE ¢ Report of SA FRANCIS J. GALLANT dated 9/19/49,
New York.
Bureau letter dated 2/16/50,
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0 Director, FRI ' L . DATB: May 3, 1950
| - . Ve
- m“ + 8AC, New York

JBSPIONAGE = R o % Te b pie i '-33832

!5‘ N

mbuhfu Blltlnro 4/28/50 1n t.ho .bovo upti.n.d un. - '

~

" i...\_ o f % ‘On Nay 2, 1950 WALTER EODE uf the #irm ef Hosinger and Bode, ..
. Baaltorl, 1n,th. ofnco buﬂding 'horo BROTHMAN ha qnco ’ adviud as T T
follows: i S

- . k™

IIRILI!%SKO‘WITZ » BMH!AR'S ncreta.ry, rec.utly dhcuuod
with him the possibility of ebtaining additional space im the building
for BROTHMAN, She stated that they meeded more space ia Yader te conduct
ehemical experiments, and also BROTHMAN is interested btnining loft

space for storage purposes. In this connectiom she d that BROTHMAN -
mow has space in an Elmhurst establishment which is wedd for eonduecting -~ . .
small chemical experiments, but that the lessor (pro¥@ly the Peacock N\ -

.Roll Leaf Mill) is anxious to regain this space. She alsc memtiomed
that BROTHMAN has storage space im am unspecified New Jersey location,

»

BODE also indiocated that as far as he knowa BROTHMAN expleys
only MOSKOWITZ and & hindu with whom BROTHMAN works very closely at all )
times in the office presumably conducting chemical experiments, It is
? further believed from what was aaid by MOSKOWITZ,that BROTHMAN does not
- employ anyone at the Elmiurst address , which is undoubtedly 8503 57th Aveme, -

The above is for the information of the Buresu and suxiliary offices,

' '_._‘cc: Albany oL | ' %-/

4 3'212';'_'2;;36 o S ALL THROTA ATION ONTAINED

- - : ' TIN 3: 1 a1 FIED
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: Titles ¢ Character of Caset
s
_ BROTHMAN, with aliass s -
Abe/ Brothman - ¢ SECURITY MATTER - C
. : OABIROM 4o-)-1S | -
SYNOPSIS OF FACTS: EGMRMMNRAT. AND ADMINISTRATIVE
EMANUEL GREEN, aka Menuel, Mamny, resided g
at 7853 8. Essex Avenue, Chicago, subsequent ¢
/ to his discharge from U.S. Army on 12/12/35, ,
but his present whereabouts is not kmown.

GREEN wes born in Chicago, Illinois. He is

a Chemical Engineer by training. He has a
/ brother LOUIS GREEN end a sister PEARL GREEN,

who currently reside at the Basex Avenus .

eddress. Chicago credit agency and Chicago

Police Department have no record pertaining
'to GREEN. Desoription set out.(a) .
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\

DETAILS: AT CHICAGO, ILLINOIS:
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Chicago File 100-21623

EMANUEL GREEN, al<o, known as
H&nue]&!"een, Mam én

i m-:émmcm ‘ \

853 8. Essex Avenus, Chicago, Illinoils,
rented Apartment 308 at 7853 S.- Essex
Avenue, Chicago. Sometime in latter part of 1945 or early 1946 her
two brothers, EMINUEL end LOUIS. , were discharged from the Armed
Services and came to reside with\their sister. LOUIS continues to reside
et this address but EMANUEL got married about a year or a year and a half
ago and moved elsewhere. He is believed to have gone to some western
state, probably to Arizona. M. STURMER recalls no return visits by
EMANUEL with his brother end sister since that time. (u.)

Mr. CARL R, STURMER, janitor,
advises that about 1943 PEAR

' During the time that the GREENs have resided at this address they have kept
very much to themselves and associate with none of the neighbors. They
are i.’'~al tenants, however, since they pay their rent regulerly, are quiet
and heve practically no visitors.(‘“l

Confidential Informant T-2, of unknown reliability, who is, however, well
acquainted in the neighborhood of 7853 8. Essex Avenue, Chicago, advises
that he is acquainted with Miss PEARL GREEN and with her brother LOUIS
GREEN. He recalls that another brother, name unknown, formerly resided
with them but has not been seen in the area for about a year to a year end
a half. The informant states, however, that he knows that PEARL GREEN
from time to time receives letters end other mail for this brother at the
Essex Avenue address and forwarde this mail to the brother. He statez he
does not kmow the forwarding address, homeverkf,)

Confidential Informent T-3, another government agency which meinteins
personnel records, has furnished the following information pertaining teo
MANUEL GREENs ( 1(_|

MANUEL resided in 1940 at 8138 Baginaw Avenue, Chicago, Illinois. 1In April
of 1942 MINUEL was residing temporarily at 720-59th Place, o/0 Kenosha

Youth Foundation, Kenoshe, Wisconsin, but continued to maintain his permanent
address at 8138 Sagimw.\’([,'
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Chicago File 100-21623

In November 1942, MANUEL used the residence address of 1213 N. 44th Street,

Milweukee, Wisconsin. There was some indication, however, that this was a
temporary address also and that the S8aginaw Avenue address in Chicago
continued to be his permenent addresl.\w\

In December 1945, MANUEL GREEN regerded his permanent address as 7853 8.
Essex Avenue, Chicago, Illinois. This was the address to which he went
subsequent to his disecharge from the U.S. Army Coj

OCCUPATIONS
T~2 advised as followss

In October 1540, MANUEL GREEN wes employed by the Modern lLiquor Company,
8449 Burley, Chicago, Illinois. Q(,l

In November 1941, MANUEL GREEN was working for the War Department, Division
of Ordnance Inspection, end was stationed in Milwaukee, Wisconsin. His

Job was thet of Junior Inspector and he inspected Ordnance materials for
qualities as to specification. E,(,)

In December 1941, the informant received the follcwing information from
MANUEL CREEN with respect to his previous employment:

8till foreman - 1935-37 - Supervised operation of
distilling units;

‘Liquor salesman, 1939-41 - Sold liquor in retail ;tores ;

Newspaper circulation, 1941 - Supervised work of jumior )
carriers. (uf

At this time MANUEL GREEN stated that he was best fitted for work es a
Chemical Engineer Mstallurgist \u!

The headquarters for MANUEL GREEN's employment with the War Department was
the Chicago Ordnance Distriet, 38 8. Dearborn, Chicago, Illinois. This was
a Civil Service position. On December 4, 1941, the Chicago Ordnance
District described MANUEL GREEN's job as the inspection with precision
instruments of varied raw metallic metals, mechanical parts, castings,
assemblieeé and components for Ordnance materiel, and the preparation of
inspection reports.

-3-
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Chicago File 100-21623

In April 1942, MANUEL GREEN could be reached through the War Department,
Chicago Ordnance District, Milwaukee sub-office, 322 E. Michigan Avenue,
Mi lweukes, Wisconsin, l

In October 1942, GREEN was described by the Chicego Ordnance District as
being an Associate Inspector of Ordnance Materiel since October 28, 1941.
He was referred to @s a skilled employee. His job was further desoribed

as that of resident inspector in charge at one of the facilities in the
Milwaukee Bub-office area. This involved the inspsction of M-40 parachutes.
It was also stated that GREEN had had armor plate imspection experience.(u)

The informant learned in December 1942 that as of December 11, 1942,
GREEN was no longer employed by the Har Department. (’66)

During GREEN's service in the U.8. Army, his militery occupation specialty;
was that of optical instrument repair me.n.\!(-

Mr. AL FRAZIN, 9036 S. Commercial, Chicago, who hes been acquainted with

the GREEN family since about 1920, advised that during the late 1920's

and early 1530%s EMANUEL GREEN and his brother LOUIS GREEN were employed

in tt~» family fruit and vegetable store located on the corner of Commercial
and 90th Btreet, Chicago. Mr. FRAZIN had no information pertaining to
%gbgﬁg‘lzzﬁt Qe12i>].oymem:s of EMANUEL GREEN. EMANUEL is known as Manny, eccording

CITIZENSHIP:

H

T-3 has furnished the following information which has a bearing on MANUEL
GREEN's citizenships

GREEN was born in Chicago, Illinois, July 25, 1911. In December 1941,
GREEN advised the informant that he was a U.S. citizen by birth. (Lw

. EDUCATION:

’
T-3 has furnished the following information pertaining to MANUEL GREEN 's
educations

In December 1941, MANUEL GREEN stated that he had attended eight years of
elementary school, four years of high school and had also attemded the
Cranc Junior College, Chicago, for one year taking a Gensral Course.w
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He obteincd his B.8. degree in Chemical Engineering after four years
attendance at the University of Illinois., He also studied :
Chemistry for three months at the University of Chicago.

MILITARY RECORDs

T-3 advised as follows

On October 11, 1942, MAWNUEL GREEN was given a physical examination in
Milwaukee, Wisconsin prior to his being inducted into the Armed Forces of
the United States. He was ordered to report for induction on December 17,
1942 ot Cemp Grant, Illinois. EHe wes inducted through Locel Board 13,
Chicago, Cook County, Illinoies, and was honorably discharged from the Armed
Services at Fort Dix, New Jersey, on December 12, 1945. The reason for

the discharge was demobilizetion. GREEN's Army Serial Number was 36-717-782.
He used the name of MANUEL GREEN in connection with his Army service.

4t the time of GREEN's discharge his grede was that of TEC § and he was in
the Ordnance Division of the U.S. Army. His military occupational specialty
was opticel instrument repair man. He was in the following battles and
campeignss

adrdemnes;
Contrel BEurope;
Normandie;

. Northern France; U /
. Rhineland. K
He received the following decorations and citations:

Americen Service Medeal;
Buropean - African - Middle Eastern
Service Medal;
Good Conduct Medal; l
World Wer II Victory Medal k“’

He was not wounded during his time in the Armed Bervices. Hs was outside
of tho United States as followss

' Be left the U.S8. on February 21, 1544 for the European Theatre of Operetions

and arrived in BTO February 29, 1945, He left the ETO for the USA
November 21, 1945 and arrived in the USA December 4, 1945. W

-6 =
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GREEN attended no service schools. \'&J‘

FAMILY BACKGROUNDs \

The September 1949 Directory of the Illinois Bell Telephone Company for
Chicago lists a PEARL GREEN, 7853 S. Essex, South Shore 8-3262. \W

An examination of the mail boxes at 7853 8. Essex Avenue shows that PEARL
GREEN occupies Apartment 308. No other nemes sppear for Apartment 308. (f,b{

Mr. CARL R. STURMER advised that PEARL GREEN resided at that address ulone
fram 1943 until LOUIS and RMANUEL GREEN were discharged from the a,rmy in
the latter part of 1945 or early pert of 1946. 'Eq

LOUIS GREEN, who is just younger then PEARL GREEN, is presently residing
with PEARL and has been since late 1945 or early 1946. He is believed to

be en asccountent but Mr. STUORMER is not certain. He may also have something
to do with fruit and vegetables in connection with his employment. His
employment is of the type wh1ch requires LOUIS to be “dressed up" in
connection with his work., Qb

PEARL GREEN is believed to be & teacher of some type end may dbe connected
with the Chicego City Schools. 8he is believed to teach dencing and
physical educetion. %)

Both LOUIS and PRARL drive automobiles. The ear driven by LOUIS is &
1947 Mercury coupe, 1950 Illinois License No. 184-336. The Automobile -
License Volumes for 1950, as issued by the Secretary of State for the
8tate of Illinois, lists this license number to *ryf GREEN, 35 S. Water
Market, Chicago, Illinoie. ’It is descfibed a8 a Mrcury, Engine No.
79941878175, \w . .

According to Mr. STURMER, PEARL GREEN drives a 1947 Chevrolet coach,
1960 Illinois license No. 996-014. The Automobile License Volumes pre-
viously referred to do not yet include the listing for this number. W

T-2 advised thet he understands that PEARL GREEN is employed by the Board
dancing and physical education
teacher in e school on the South Side. Q‘v‘



Chicago File 100-21623

.

Mr. BEN SACKS, 2453 East 79th Street, operates the Backs' Meat Market at
that eddress. He advises that he has known FEARL GREEN for about thirtesn
years. He was also acquainted with PEARL GREEN's mother prior to her
death and is aware that PEARL GREEN has two brothers but does not know

" their names. PEARL GREEN is a teacher in the public schools of the City
of Chicago. Mr. BACKS said that although she has traded with him during
the entire time that she has resided on South Essex Avenue in Chicago,

he has no other information pertaining to Miss GRERN or her fa.mily.QAJ

Mr. CHARLES W. KENO2ER, 6826 S. Stony Islend, Chicago, advises that he
handled the renting of PEARL GREEN's present apartment to her for his
employer, LESLIE M, PRICE, of the seme address. Mr. KENOZER furnished the
following informations

Miss PEARL GREEN, of 8138 Saginaw Avenus, Chicago, rented a one and one-~
half room apartment at 7853 S. Essex Avenue, Chicago, on October 1, 1943
and has been a tenant in the same apartment since that date. At the time
the apartment was rented Miss GREEN stated that she hed been employed by
the Board of Education, 228 N. LaSalle Street, Chicago, Illinois, for
fourteen years, end directed playground activities et 10347 S. Ewing
Avenue, Chicago, Illinois. Her landlord at the time was CHARLES RINGER,
7915 S. Exchange Avenue, Chicago, Illinois. 8he had resided at the
Baginaw Avenue address since 1936. 8he banked with the South Chicago
Savings Bank, Chicago.\u/]

Her noarcet relative was listed as B s an uncle, 1030 BRyde Park
Boulevard, Chicago, Illinois .Qb\

The Beptember 1949 Directory of the Illinois Bell Telephone Gompany for
Chicago lists BEN MEYER, 1030 E. Hyde Park, Atlantic 5-1948, a,f

The files of this office contained no information pertaining to m w)

Mr, KENOZER stated that he was personally ecquainted with the GREENs but
did not know them well. He said that PEARL GREEN's two brothers, whose
nemes he does not know, resided with her for several ysars after World
Wer II end one of them was still residing with her. The other brother is
believed to have been married about e year or a year and a half ago and
shortly after his marriage left the State of Illinois. Mr. KENOZER said
he doss not have eny information pertaining to the loyalty of Miss GREEN
or her brothers.w-/] '




Yo

vy Y

1

I\
¥

)
ol

=
-

N ‘. 

Chicago File 100-21623

Mr. AL FRAZIN advised that LOUIS GREEN is believed to be an accountant
in connection with the fruit and vegetable wholesale business. He says
he does not kmow the name of the firm for which GREEN works. (M

RAM GREEN was the father of PRARL, LOUIS and EMANUEL GREEN. Bometime
about 1925 or shortly thereafter Mr. FRAZIN rented a building to S8AM GREEN,
which is loceted on the southwest corner of 90th and Commercial Avenue,

- Chicago, Illinois. Thereafter SAM GREEN engaged in the fruit end vegetable

business on & retail basis at this location for a period of about ten

years. The GREENs were moderately successful and the entire family
assisted in connection with this business with the exception of PEARL,

who continued her schooling and then obtained a position with the Chicago
Board of Education sometima about 1930, Mr. and Mrs. SAM GREEN are deceased,
according to FRAZIN

SAM GREEN, for a perzod of several years, had a partner whose last name
was DEMOVSKY. This partner hed a son who. 23 presently a dentist located
at 9113 Commercial, Chicago, Illinois. %(./) »

FRAZIN said that he has not been closely associated with the GREENs for
about eight years although he continues to be the insurance agent for
PEARL GREEN. He said thet in all of his dealings with the GREEN family
he has noted nothing which would ceuse him to believe that they are
other than loyal to the U.8. He said that he has noted neither Fascist
nor Communist tendencies on their part.Q,b]

Dr. ISIDORE M, DEMOVSKY, 9113 Commercial, advised that he has been acquainted
with the GREEN family since the late 1920's. He states that he was
formerly the dentist for PEARL, LOUIS and MANUEL GREEN but has not been
their dentist now for three or four years. Dr. DEMOVSKY states that he
considers that PEARL, LOUIS and MANUEL GREEN are all of the highest
character and definitely loyal to the U.S. He advised that he does not
kmow the exact place where LOUIS GREEN is presently employed but believes

_ that it is on South Water Market with some commission house dealing in

fruits end vegetables where GREEN works as & bookkeeper. PEARL GREEN is
presently employed, according to Dr. DEMOVSKY, by the Board of Education
as 2 physical education and dancing instructor but the exmoct location of

- . her employment is not kmown to Dr. DEMOVSKY .Ra/\

T-3 farnished the following informetions
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MANUEL GREEN has a sister by the name of PEARL GREEN, who in 1940 was
residing at the same address as MANUEL, 8138 Saginaw Avenus, Chicago,
Illinois. MANUEL also has a brother by the name of LOUIS GREEN. His
mother 's name was DORA GREEN.

LOUIS GREEN resided at 8138 Saginaw Avenue, Chicago, in 1940. He was
born March 25, 1909 at Chicego, I1linois and is a U.S. citizen., His
mother was DORA GREEN. In 1940 LOUIS GREEN's employer yms Auster - Carl
and Company, 51 8. Water Market, Chicago, Illinois. ura '

LOUIS GREEN attended the Crane Junior College for one year studying
Commerce. He attended the University of Illinois, Chicago, for one
semester studying Commerce. He elso attended Northwestern University,
Chicago, for four years evenings studying Commerce. In March 1941, LOUIS
GREEN stated that his present job included bookkeeping and office manage-
ment and that he was engaged by a wholesdle fruit and vegetable firm. From
1933 to 1935 he was employed in a retail fruit and vegetable store, which

he operated. UIS GREEN stated he had never been convicted of treason
or & felony.(u

1OUIS GREEN was ordered to report for a physical exemination in comnection
with 1is possible induction into the Armed Services on February 3, 1942.
He was ordered to report for induction in Chicago on February 20, 1942,

et vhich time he was inducted through Camp Grant, Illinois. He was
registered with Local Board 13, Chicago, Illinoia.Lw

LOUIS GREEN was seperated from the service honorably on October 1, 1945
due to demobilization. This took place at Fort Sheridan, Illinois. At
the time of his discharge he was a Technical 8ergeant in the Army Air
Force, ASN 36-320-233, LOUIS GREEN's civilian occupation was accountant.
His military occupation was edministrative. He was in the following
battless

India - Burma;
Palembang - Sumatra - Central Burma;
Ching;

Air Offensive - Japan. %\
He received the following decorations and citations:
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American Theatre Ribbon;

Asiatic - Pacific Theatre Ridbon
with one Bilver battle star;
Five overseas service stripes;
Good Conduct Medal;

DIST. Unit Badge.

(w)

He was outside the United States as followss

He left the United States March 26, 1942 for the Asiatic Theatre of

Operations erriving there April 3, 1542.
for the USA arriving here June 25, 1943.

He left the ATO June 16, 1943
He left the USA March 23, 1944

for the Pacific Theatre of Operations arriving there April 23, 1944. BRe
left the PTO September 16, 1945 enroute to the USA arriving here

September 21, 1945, \‘U.\

He attended an administrative service school. Vv\

T-3 describes LOUIS GRERN as followss

Neme: LOUIS GREEN
Sext Male

Races White

Ages 41

Date of birtht
Place of Births

March 25, 1909
Chicago, Illinois

Residences 7853 8. Essex Avenue,
Chicago, Illinois
Heights 514"
Woeights 135 1bs.
Builds Short
Hairs Black
Eyess Light brown
Complexions Fair
Scers and Markss Appendectomy scar
Occupations Accountant
Marital statuss 8ingle
Relativess
Sister - PEARL GREEN
Brother - MANUEL GREEN
Army Serial No.s $6-320-233 L') C

8ocial Security No.s

Qm

- 10 = '
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The files of the Chicago Office contained no information perteaining to
LOUIS or PEARL GREEN .Qp\

CREDIT AND CRIMINALs

Hill's Reports, Inc., & Chicago oredit agency, has no information perteain-
ing to EMANUEL GREEN under this neme or any other names by which he is
known. \m

The Chicago Police Department has.no record pertaining to EMANUEL GREEN
under this or any other names by which he is known\

In Decembsr 1941, MANUEL GREEN stat?d. according to T-3, that he had
never been convicted of a crime, Q"

MISCELLANEOUS s

Mr. CARL R, STURMER advised that he was acquainted withEMANUEL GREEN but
did not know him well. Be said that he assumes thatEMANUEL is loyal
since he never observed anything indiceting disloyalty on the part of
RMANUEL during the time thatEMANUEL occupied the apartment at 7853 8.
Essex Avenus with his brother and sister.Q"

Mr. MORRIS TRIFFLER, 7847 Essex Avenue, operates Morry's Delicatessen at
that address, which is located in the same building as 7853 S. Essex
Avenue. Mr. TRIFFIER advised that he does not specifically recall any
of the GMs.\w

DESCRIPTION ¢
The following description was obtsined from T-3, AL FRAZIN and CARL
STURMER ¢
: Name ' EMANUEL GREEN
akag Manvel, Manny
Sex: Mele
Races White
Ages 38
Date of Births July 25, 1911
Place of Births Chicago, Illinois
Last known residences 7853 8. Essex Avenue,
Chicago, Illinois W

-11 -



Chicago File 100-21623

Heights 5158"
Weights 120 1bs.
Build: 8light
Hairs Black
Eyess Brown
Complexiont Dark
Scars and Merkss None known
Occupations Irained as Chemical
Engineer - Metallurgist

Marital statuss Reported married
Immediate relativess

Brother - LOUIS GREEN

Sister - PEARL GREEN L‘,Q/
Army Seriel No.s 36-717-782

Social Security No.s — @‘]

£ 3
AL

- REFERRED UPON COMPLETIQN TO THE OFFICE OF ORIGIN -
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INFORMANT PAGE L,‘L l;., ]> '

T-1 is former Confidential InformntP identity of egent receiving
not mown., Information obtained December 18 and 26, 1945. GU)

T-2 is FRED C. LEFMAN, Mail Carrier, South Shore Sub-Station, 2207 E.
75th, who is the carrier for 7853 S. Essex Avenue (Deemed advisab].e).qb,

T=3 48 the Illinois Beadquar'ters, Selective Bervice System, 523 8.
Plymouth Court, Chicego, Illinois. {(Information obtained through
Mr. ALBERT P. RYDE.)

REFERENCE:  Report of Special Agent JOHN R.
MURPHY, JR., New York, April 5,

1950. 1\L\
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It 18 further neted that immed
hic hboutory in Angust 1944, apparentl

EXCEFY .. .2

ALL INFOF Y
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ARTHUR P/WEBER, former business /?

/UE
s furnished the following i.nfomtions Y- —&&.\_-J_

In about August 1943 or possibly later, BROTHMAN and WEEER

entered into a contract ﬁtb\“ﬂegal Chemical Company, and the)Tedlee :

~ Chemical Company, beth Br;ok’iyn, New York, who were subcontractors to the

Bridgeport Prass Company. Regal was ongaged in the mamfacture of the . -

containers for Areosol Bombs and BROTHMAN and WEBER, according to WEBER,

S5 QY developed an automatic machine for filling the bombs, as well as a process ! ‘2
'
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lstter to Director, FBI
NI 65-15136 o

”—‘!or -aking nm'. A diugroenent f.lat.er u-oao bmreen‘l:mn and BROTHMAN .
.- S 10 the extent of each others’ contribution to the so celbed’ 'naormx
- Process®,” As“d result of this disagreemsnt WEEER left the firm;, the.
hemrugy Design Company, prior to the completion of the eontraet. ‘EBER «"“ -
d not kmow for certain that the contract with Regal, Tedles am Bridgepert. 2

Brasa, who were the prime contractora, vas eolpleted in about Angnst 1 w) =
.ora nttle later. \ ,‘/ ' A :

v

‘-¢ L -’.

0y /‘;N/ Dari.ng this same period between Lugns% 191.3 and hgust 1944, e
/. BROTHMAN and WEBER were acting as consulting enginsers on a retainer basis = .
7 for the Graver Tank Coxpany, Bast Chicago, Indiana. It was WEBER'S epinion, *
but he could not be certain, that BROTHMAN renewed this contract in his . ~ -
own name with the Graver Tank Company in the Spring or Summer of 1944. s
A3 for as WEBER knew all of his, ard BROTHMAN'S dealings with the Graver -- -
Tank Company were with GEORGE/ALMGREM, Vice President, and ons/PRAGER ~
the patent attorney for the firm, WEBER described MAIMGRE as {n his
early fifties; 5! 10-11%; 175 lbs.; heavy set; wears rimless glasses and
.ba¥ing. He said that PBAG'ER was in his early forties; about 6! tall;
slender build; wavy hair; 175 lbs.; smoked a pipe, and gave the appearance *
of being the co.Llege professor type. (w)

In so far as the dealings with the Bridgeport Brass Company were
oonoerned, WEBER knew that prior to the completion of the contract with
Bridgeport, Regal, and Tedlee, that BROTHLAN was making an attempt to obtain
additional work of -an unknown natyfe to WEEER, through Bridgeport Brass
and specifically through one JACK{MILLS, whom WEBER -described a8 being &

. Junior sales executive. He described MILLS #s belfig in his Lortiesy—. -
5¢ 10-11%; 170-160 lbs.; heavy set; energetic bombas alesman type of
1ndiv1dual with a moustache, IEBER knew of no other individuals with whom
BROTHMAN deslt at that time in the Bridgeport Brass Company. (W)

WEBER also stated that the only other firm in the Chicago area
with whom he and BROTHMAN had any business dealings was the)Chicago Pump
Company. He and BROTHMAN bad obtained a consulting engineer contract ~
with that firm in 1943 on a one hundred dollars a day Pee basis., He

- eould not remember the names of the individnals with whom they dealt,
"but stated that they were the Prasi.dent. and Chief Engineer of the Chieagz w)

PumpConp
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. Letter to Director, FEI - - ‘
XY 65-15136 ‘I'Okﬁﬁ 1

_4t 48 known from prior intervews with BROTHMAN and WEBER that HENRY A,
. vm_ns the President of Chemrgy Design Company, BROTHMAN was the.
S45 President and WERER the Secretary,- Strictly-speaking, therefors, - _'_f A 7{
','t only partners BROTHMAN had in that enterprise were COLWINNE and WEBER.- . . - 7.+
'l 4s a fact that BROTHMAN had difficulty with WERER, and WEBER has aleo S
\‘-. tuted that GOIXYNNE and EROTEMAN did not get along to well -eince GOLWYNNE f '
- was primarily adnnnilt.rator with mch less technical knowledge than emy of .. = .*r;
= hia employees. IEBER hna 1dent1ﬁ.ed the. known :ale enployoes of ChemrgW T
‘:. :'; fOllmS . .4_[-» y "__ ",_f _'-‘ O I . , l.‘..“.‘ i .

SH, lbchani.cal ‘Engimeer .-

i EARCHEIN,  Architect Vi B
M 2 i' E) ;!.
27" Ha stated that all of thess 1ndividnals, including ovEED .i-:",'_.T o .
J.ater had gons with BROTHMAN in his mew enterprise, which would further . "7 - : "™
.+ Andicate that the pa.rtnsru with vhon annmi -hld diﬂiculty were GOL%
E ",‘ Ilﬂ EBER ;?"'- 4-_._ _7.. ) ,_-,”1 T & ::,‘.':;‘, '_“.‘_, "f ‘_:’ o ‘; L ._;- {__ ~ "‘-.. »
B ' The Chicago Ofﬁ.ce 15 re%ested %o identi.tg the Preszdgg Eg A 3
" v'.l.cen freaident. of the Chicago ompany a o0 n physica descriptiona T

of then. eir descri any way compare favorably with thit of
the UNKNORN SURJECT, was: it is further requested that an effort b (
be made to obtain photographs of them to exhibit to FUONS and the HEINEMANS.

l

VR f_'. The Indianaggﬂg,_ﬂﬂi;g ;’y,g ;eq_qesged to obta;g a% accura’&e S
ghmical description of GRORGE M%énmREM, who according to s made - - T
severalirips to York, gni P he Patut.kttorney or the Graver W) - }. -
Tank CWP“Y. :‘ VL '. SE e T e e T e D A\

The New anen Ofnce i.a roquestod to contnct an establiahed scurce

t the Bridgeport Brass Company in an effort to JMEL.M&%%
.mr confrac%s between tﬁ 51‘1‘1\ and the Regal Chemical Company, the
Chem cal Company and HMAN and associstes in 1943, 1944 and 1945. .
Also 1£ poaaible ﬂ.th whom BROTHMAN was dealing in the Bridgeport .

. - Brass Company, Emld be fu 11 identiﬂod, s phyaical deacri.ption obt.u.n, and

i.f poasible ap otograph, ,; L IR e "U") -
ST T It 1s requested that. anxiliu'y oﬂicera attord thil mtter expeditluul
attention since the Buresn has requested that BHOTHMAN and six of hin :

e : - ”sochtee bp 1nteriewed ‘.I.n the imedilte Inture. L " Q'gq : N
-3~ Lo . | E
4:;;,
7
4 . v
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motion and smll amounts of the proancu at either or

"both ends of the equipment are regularly taken off,

' _ ben by eontinued repetitions of such & process, s
ouplﬁomﬁmotdmtwtwpn-whib-
tained. htitlhmldhmmtihonhotdr-

. eulation of the gas mixture must be sweh that it is well
dalow the eritical value for the Reynold's Fusber, L.0.,

‘ nmtuwmomlmut—mm.,ncu- o

m-mnmsuu-mm-vm. L

Witle soms d1fferemce 1a the mdecular weight of
mmmumummum.cuu’

pairs of the sams molscular weight (i.e., ¥, and

end even better yet gas pairs containing isotoy

far e
—

-



‘mwtuimh&.mootnmahhm‘
uwsmmmummmukuumm,
umtar,ca:ﬁndunnm.tmt. M-:lywn-

‘Hhuau of one liquid ln the ether be uylutd (1.0..

PRI ¥ A

fmmhhm)ézmo'm'u-ﬁinn.-f .
e tn water mw-vmw- e (0 01 -

-mmnuthﬂnryctm htchtbunyur
(1917) Ghlpmn and Doctacn? gave the first experimental
;root of uur-l amm.on. It was chl;-nl 'lho ts.rlt.
mgut-d (1919) the uootthu-l mrumnm P _
_separatin of Ssotopes but this ides wes ridisuled ¥y I-"_ l_.;_;_f._-:“'_
mm’muumam: 11 eould ot eempatewith < 013
ﬁu ouur -uwa. nuh . wtﬂ.hnl upnum o lu- ' -
oo diffmic, o : R C

u;mm,mpttumwnuu-
Mn&.m“b&cmq-ﬁllm..~
thc-tﬂ.inucn orwmmanmmuu .
umw»mmunxmmumnumw
clumndmbﬁum.muqumu
. Brewer and Bramley snd & mumber of other investigators.




® o
-3 -

The so-called Soret effect for 1iquids wes really
first observed by Lodwig® in Germany in 18565 it was re-
ported in France by Seret9 twenty-five years later.
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ecefficient of thermsl diffusicn is positive in
sign; tut for certain mixtures and under certain
eircumstances this process may be reversed and the
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or 805, This enriched oxygen can then be used for any oxi-
dation process such as the manufacture of sulfwric acid from
sulfur and the p'opnutimatn:ltric acid from ammonia, the
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V. Conclusions
While mothing as yet has appeared in the literature
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I. Background

A,

Definition -- Given a mixture of two gases contained
between & hot and a 60ld wall, there will be get up &
eonsiderable differense in the relative concentrations
of the two gases at the top and the bottox of the ap-
paratus; this effect is known as thermal diffusion (or
theramal siphoning). If steady states of temperatures
and pressure are continued, then either the separation
of the two gases will be complete or an equilidrium will
be reached ~- which equilidbrium is determined be a sep-
aration factor. If, however, the gas aixture 4s in
motion and sxall amounts of the products at either or
both ends of the equipment are regularly taken off,

then by esontinued repétitions of such a process, &
complete separation of almost any two gases may de ob-
tained. But it should de noted that the rate of eir-
culation of the gas mixture must be such that it 1s well
below the sritical value for the Reynold'’s Number, 1.e.,
80 that no turbulence will result =- otherwise, a con-
siderable amount of re-mixing may oecur.

While some difference in the molecular weight of
the two gases is helpful in their separation, still gas
pairs of the same molecular weight (i.e., l' and cgn‘) ‘
and even better yet gas pairs containing isotopic elements
(1.0., c}°H, ana cB, or HC137 ans HC135) can be sp1it,
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Thermal diffusion in the case of liquids is kmown
as the Soret effect and experimental work on it has been,
thus far, eonfined to a fluid at rest. Not only may so-
lutions of one 1liquid in the other be separeted (i.e.,
glyocerine in water) dut also solutions of solids in 1iq-
uids (sucrose in water) and ternary mixtures(Ey0 - HCl -
BaClo ).
Historical == The phenomenon of thermal diffusion was
first discovered theoretically by ln.knsl of Sweden in
1911 and independently by Chapmen® of England in 1917,
Curiously enough it was aissed completely by Boltsmann,
Van der Waals, Thompson, Maxwell, and the other workers
on the kinetisc theory of gases., later in the same Year
(1917) Chapman and Dootson> gave the first experimental
proof of thermal diffusion., It was Chapman® who first
suggested (1919) the use of thermal Aiffusion in the

~ separation of isotopes but this idea was ridioculed by

Mulliken® who eoncluded that it could not compete with
the other methods such as oentrifugal separation or geas-
eous diffusion,

As 8 result, except for such theoretical and ex-
perimental work as was done by Chapman up until 1932,
the utilisation of thermal duffusion was completely
neglected by physicists till 1938 when it was revived by
Clusius and ~ickel® in Germany, snd then in America by
Brewer and Bramley and a number of other 1nvoct1¢ﬁtorl.
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The so-called Soret effect for liquia; was really
firat observed by Ludwigd in Germany in 1886; it was re-
ported in Prance dy soret® twenty-five years later,
1I. Theory
Furry, Jones, and Oaausorlo (Photocopy 1) believe that
"No simple theory can give an account of thermal diffusion;
neither its existence nor its sign ean be derived from ole-

>

aentary considerations. Its presence can be only understood
by a detatled oonsideration of the equations of transport in
e gas.” However, Prankelll (Phnotocopy 2) and Gillespiel®
2Photocppy S) have proposed roi.annbly simple explanations;
these considerations can be used to give a correct eatimate
of the walus of the thermal diffusion constant,
- Bramleyld gives as a general description of the theyse
actions that give rise to thermal diffusion:
a. Difference in mass (thermal or initial diffusion).
As can be seen in the separation of isotopes, these
mass differences need not be very great dut it is
certain that the splitting up of two gases of widely
different molecular weights is a very ouch more
rapid process.
b, Mass action of gas siillar to convection current,
This 4s the origzin of the term "the:mal siphoning".
The general effect is for the lighter molecules to
g0 to the hot side and rise and for the heavier mole-

cules to go to the cold side and fall, i.e., the
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coefficient of thermal diffusion is positive 4in
sign; but for certain aixtures and under ocertain
oircuzstanses this process may be reversed and the
sign made negative.
6. 4 slight additional concentration exiats in the
langmir fila surrounding the hot side == there 1is
e definite motion of the gas in this film which
arises from the swirling motion of the gas outside
, this film, Thus, an interchange of molecules oc-
curs between the swirls themselves and between
thea and the Langmuir film due to the differences
in mass. '
To theso may be added:
4, The radii of the two molecules.

Not all mixtures can be separated as the coefficlent
of thermal diffusion vanishes when the mode of interaction,
the radii and the masses of the two sets of molecules are
all equal, Such may be the caseld for the pair CO and Np.

All theqroticcl efforts to explain the Soret effect in
11quids have been completely unsuccessfullf, 16, 17,

1II. Description of Apparatus

Essentially all that is needed are two concentrio

cylinders, the inner one heated and the outer ome cooled,

mounted in a vertical position, with reservoirs at the
top and bottom communicating with the annular space between
the cylinders where convection and diffusion take place.
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® " The disgrea below describes the action taking place in one
such device.

e | - = Light Molecvla Streem

N <
s )

e 4ot S de

Heavy
olef) Mola cvlea
: S¢reanm

Ceold §ide

As is shown, in most cases the lighter molecules will eomn-
centrate toward the top of the apparatus,

Chusius and Dickel® ren a heated wire up the axis of a
long vertical hollow tube into which was put the gas mixture
to be separated; using such an apparatus and a 80¢ Helium -
80£ Bromine mixture, the two gases can be separated in 'y
matter of minutes in a tube only 8 feet long. Korsching,
wirty and Maschl® desoribe also a flat metal fors of thermal
diffusion equipment in addition to the two already given,
Taylor and Gooklerl® (Photocopy 4) and Nier snd Bardeen®?
(Photocopy 8) detail the construstion of thermal daiffusion
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- ? columns used in this country for isotopic s'epurauon. The
use of a rotating annular space apparatus to increase the
field of gravity by a factor up to 10 has been tried by
Parber and Libdby2l (Photocopy 6) and with interesting re-
sults.

Devices for thermal diffusion in liquids are described
bv Gillespie and Breck®2 (Photocopy 7) and by carr®S, 24
(Photocopies 8 and 9) Gillespie and Breck use glass appara-
tus and an annular space of cirocular shape while Carr util-
ises the flat shallow groove form after Korsching and
wirty2S; in this last respect it should be noted that the
apparatus works best when sloped at a definite angle.

Getting back to thermal diffusion in gases, one very
significant feature of the apparatus is that an annular
spacing of 0.7 om, seems to work better than any other dis-
tance. Also, once the preliminary work on the separation
factor, , for any mixture of two gases has been done, the
equations of Purry, Jones and Onsagerl® (Photocopy 1) can
be used to aid in the design of apparatus,

While in most of the reported work the inner tube is
usually heated by Nichrome wire still any other means, such
as stean or Dowtherm can probably be used much more effect-
ively on an injustrial scale.

IV. Uses of Thermal Diffusion

It is proposed to utilise thermal diffusion to inorease
the concentration of Op in air from the normal 21€ up to 60%
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® or 80%. This enriched oxygen can then be used‘for any oxi-
Qution process such as the manufacture of sulfuric acid from
sulfur and the preparation of nitric acid from amsonia, The
saving in sise of equipment, power, and overall efficiency
would be incalculable,
Other proposed fields of investigation would be:

8. Recovery of CO, from stack gases: 4if the ordinary
14% by volume COp concentration sould be raised to
say 40% or 60%, then this process can be made feas-
ible,i.0., chemical means of absorbing the CO, could
then be employed,

b, Separation of aseotropic 1liquid ;nixtures partioularly
such as ethanol-water and the bothersome methanol=
other solvents ageotrope.,

¢, Separation of 1iquid mixtures with close boiling
points such as the xylols,

d. Concentration of the end products of the butanol-
acetone-ethanol fermentation. These ococur in a total
of only 2 to 3 grams of solvent per 100 cec, of beser
and the cost of distillation 1s neceasarily high,

e, Separation of fog from gases,

f. Separation of traces of impurities from liquids, such
as thiophene in benzene, )

8. Separation of isosteric and isomeric mixtures.

This 1ist 1s only & hint as to what can actually be done

by the application of thermal diffusion,
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Gonclusions

While nothing as yet has appeared in the literature
Tegarding the application of thermsl diffusion to an indus-~
trial process, still, in order to be on the safe side it must
be assunmed that such work is being investigated., It is cer-
tain however, that the firat person to submit pilot plant
proofs of definite industrial uses will be in a key position
in a new and potentially vast ﬂ.ild. Oiven a particular
design of apparatus for application to a particular separa-
tion such an apﬁnram and process could easily be patented;
lnd'.sivon a sufficient head start, a whole patent structure
could be built up,

Note: Appended are the nine photocopies referred to in the

1.
2.
3.
4.
8.
6.

B,
9.

bddy of the report.
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eflects obtainable by varving some of the parameters in-
volved in thermal ddfusion expesiments
The tube, formed by clamping a rectangutar Phofilm

Rasket betwivn two brass has been pn‘\'luu~]§
teserbd T S difficulin was enconmtered in heeping the

strips

tode B it wih a0 100 e Plontin gasher, 430
gange Phiotdm was sobevitated  Vhe ditusion olnn e
formed was teotangalar i aross —a o, 13 0037 Gy,
and Emeles g e aserage temperatare hiferone 37
mantained betwern the top and Bottom wdes of the Dl
was 49°C.

Sobutions of 7080, were ww) thronghout the i estipa-
tion sinee they had been previoush shuwn o give a large
effect.! Anadvses of concentration were mgde by measure.
ment of the relractive inde.

The resutts are given in Table 1. The effctod separation
is expressed as the ratio of the molar coneentration Cy of 4
sample taken from the bottom of the tube to the vonaen-
tration Cr of a sample from the 10p.

Figures 1 and 2 are graphs of data taken from Table
They show more clearly the maxinia olituimed.

YK rectiing and Wi, Naturwias 77 37 1 194u,

VH. Carr. Phys Rev 6) 7264 (1va2)
Kindly suppled by Ihe Goodyear Rubber Compuny Akron, Ohig,




X

‘e

Tl;ermxl Diffusion in Ternary

JOURNAL OF CHEMICAL PHYRICS

VOLUME o

Liquid Mixtures, Particularly Aqueous

Solutions Containing Ferrous Chloride®

L.J. Gurasrie anp Samure Brrcx

¥ Research Laboratory of Pkysical Ci
‘“A

The accumulative arrangement of Clusius and Dicke]
for therma! diffusion was used 1o study the concentration
changes at the extreme ends of the apparatus that oerur in
Yarious mistures, particularly solutions of tlwo solutes in
water. The apparatus ave reasonably reproducible re-
sulta. Fo avoid uncertainties due to creeping along the
upper part of the hot wall, any apparatus intended for
the study of slightly saluble substances should be designed,
d4s was the apparatus used, so that it can be filled withuut
leaving an air epace between hot and cold wall. The en.
richment of aceic acid in water solation at the cold (and
lower) end is rather smull, compured with ¢hat of glycerine,
of many salty or strong acids Addition of sodium aretate
does not greatly affect the enrichment of acetic acid The
enfichment of ferrous chloride in water at the cold end -

®

. INTRODUCTION

HE arrangement of Clusios and Dijckelt for

producing scparation by thermal diffusion

works by contbrnation of thermaad difusion along

a horizontal thermat between  (wo

vertical walls and convection alony these walls,

* The arrangemedt used Iy various investigators

of the Sorct efect utilizes a vertical thermat

gradient, the_higher. temperature being muain-
tained above 1n order to avoid convection.

The arrangenment of Clusius and Dickel many

 be regarded as o Meansyfor nrltiplyving the Sorct

- eﬁ'ec&and offers ilﬂMi\'(‘ means of studving it.

®  Unfortmately the factor by which the Soret

" loflect is multiplied is not readily determinable,

s ' o that dnterpretation in terms of Soref effect

,can be only Bcmiquantitative. Nevertheless, we

* have tried 1o investigate the_behavior of some

. ternary mixtures containing water and two

" solutes, with redpect primarily to the ‘question

: +.Whether the behavior of cach of the solutes is

. }| ind}.',(.ﬂdcnl‘, :_'. - Y ; » Tt

: Lt Arraratus e

ment was used in the form of two

. ooacegtric tubes, steam being passed

% Comtribution No. 463 from the Reiearch Laboratory of

Physical Chemiptry. This is principally basod oa the theen

presented by ,r,r‘ntk_lor the BS. § . .

'K.Pnnuu and G. Dickel. Naturwias. 28, 546 (1938).

® ] ’

gradient

]

k:c)o).
- 870

istry, Massachusalts Institute of Techmology, Cambridge, Hrzua.rh'udu
(Received August §, 1940)

vonsiderable, but in the presence of 1M HCI the enrich-
ment occurs at the hot end In the presence of IN HySOy
the enrichment was zero, The rase ig opposite with zinc
chioride: Here the small cold-end entichment that occurs
in the presence of a trace of acid to prevent hydrolysis is
considerably increased in the presence of 1M HCL 1n a
solution of ferric chloride and { M HC the entichment of
iron was also at the hot end Hidrolysis takes place, but
this probably works against such a result. 1t appears that
aheavy constituent of a ternary hquid solution can migrare
trom cold to hot end against the direction normally ex-
pected Asimple function of the composition is given whose
Sign is the <ime as the sign of the earichment at the cold
endin ol binaey mintures Qiquid or gascous) so fur studied,
but not alwav s the Some i terary mixtures.

through the inner, and cooling water through the
outer, the solution under investigation being in
the annular space between the two tubes. Brewer
and Bramley® have used this form. The Pyrex *
diffusion apparatus is shown in Fig. 1. The tubes
for enclosing the annular space were sefected as
the best pair from about 100 sumples and buih
into apparatus No. 1. The width of the annular
space (along a radius) is about 0.5 mm, the
total length about 1 meter and 1he capacity of
annular space plus dead space at top and bottom
about 71 cc. The next best pair of tubes was
built into apparatus No. 2. The width of annular ™
space is about 1.25 mm, the length 1 meter and
the capacity about 85 cc. Apparatus No. 2 gave
considerably smaller separations in every solu- -
tion used for comparison and only a few_eXperia.—
ments are here reported wish it. =

In July the cooling water entered (the bottom)
at 20° and left at 32°, constant to about 0.5° for
days. This would make thc mean temperature _

" difficrence of thc outside surfaces of the walls™

100—-26 or 74°. In winter this dific

creased to 80° and rarcly 85°, g
Some preliminary expcriments with 10 percent’ -

(by weight) of glycerine showed with neither

. T -

-

) _, .
*A. K. Brewer and A. Bramley, Phys. Rev. 88, 500

l - -
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THEFNAL DIFFUSION AND GRAVITATIONAL FIELDS

the decrene in pressure of the He caused by the
Oooh‘ng, 1t was possible to reproduce the analyses
to within one pereent.

The He - CO, gas used was mixed ina pressure
ylinder at meveral atmospheres pressure and
introduced into the apparatus at atmaospheric
pressure. The air was removed by flushing with
excess of the gas Tt was not possible to evacuate
the wheel because the walls were too thin to

Support atmospheric pressure.

20 %
. Time, ain
¥16. 2. Separation vs. tinie at various s|-m~d>- of rotation,
g R 4T = 292:(7, heater arca =278 cm?.
’ . - /
. £ RE:}ULTS
.ﬁcpmﬁon vs. time - - - .
x - .
F data obtained with the hot
plate at®340°C and the cold plate at 50°C, the
various speeds and the injtial
..tomposition of gas Aaving various values.
Tbclordmwl are logarithms of one minus the

for ‘the, equilibif®n state. The separations, A,,
_were calculated as the difference between the
mole fraction, N, of He at the fim or the wxis
and the initial mole fraction, N¢ A typical set
" of datais given in Table 1. The data seem to
" justify anruximame' the exponential expression
v DL Amat-e O}
C Tamux L S'cprllll'o- v. time. 485 r.p.m., AT m 200",
¢ Ag(mmicr)=0.119, N.f .757.
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for the dependence of the separation on the time,
A, being the scparation at any given time f, 4.
the equilibrium separation, and X a constant
measuring the ratc of scparation. Figure 3
presents the data for the effect of variation of
the temperature gradicnt on the rate of separa-
tion, \. Figure 4 shows the variation of the rate,
A, with r.p.m. A rather sudden break occurs at
about 400 r.p.m. The main point about these
data is the appronimately linear rise in the rate
with the square of the speed of rotation, &',
until the break occars.

Figure § shows a similar sct of data for the
varniation of the equilibrium separation, A -
{center) with o Here also, an approximately
lincar rise: occurs il w becontes approximately
400 r p.m. Figure 6 presents the data for the
variation of A, (center) with the temperature
difference. Figore 7 shows the &, (center) vs. o?
for two heaters the Larger having an area of
435 em? and the smaller having 278 cm® proviog
that the heater area had no serious effect on the
speed at which the lintar rise in Ao (center)

200 ' 300
Temperature Difference, *C

100

FG. 3. Rate of scparation »s. temperature difference.

Rete \
™ a0y

0016

0

Yo 200 2300 400" 5007
. (rRPwy ~
F16. 4. Rate of separation ss. apeed of rotation.
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. . THERMAL DIFFUSION IN LIQUIDS mn

- &pparatus any difference with time from 22 1o bottom after wasting 6 drops to clear the stop-
hours. In later experiments a comparison of cock leads. In each of the last three experiments
results for different lengths of time was often of Table | about 1.5 oc was taken and ! cc used
Powsiblé and there was no indication that more  for analysis. Samples from the mddle were
than 24 hours was required for the steady state, sometimes taken with a long capillary pipette
Yrless possibly m some solutions containing and sometimes through the stopoock after dis-
three sotutes. carding a Iargc portion. When the transfer of
. component is small, the middle portion agrees
: " FILLING THE APPARATUS in composition with the origintl solution used
-F'or afl the experiments but the last three the for filling and was often taken asa measure of it
annular space was flled s that the solution af [
stood during the experiment at about the Jevel
of the cvoling water. This left a small air s[xice A
above the liquid. The upper Alling tube was )
closed with o glaes cap and wax after the steady . arean r
temperature was reached. This prevented ev. Apo-

SN

ond H
war(n '

1 5
TS\
’/

s

ration or oxiduation, feann
Fie 1 Datuaon apparatus A aeact
«The air space allowed salts 1o cree Doup along  cork stopper wae arrpally used - ;
the hot wall. Theee the liquid fitm cvaporated,  3esd of the higher of the 1o riny, )
acals, but it requires frequent re
the solvent passing to the cold wall, With solu- placement, because of the aetion of
. tions (‘(‘ml.nnm), BaCly creeping was very con- Y steam,
siderable ‘and the results are not stre ssd. In the
e of the other salts (except Zn(l,) crevping [
occurred, but taa very small extent  the de Posit .
was estimated to aniount 1o not more than 0.1 l '
" gram. The rate 2t which the fluid is circulated )
: a.lttng the walls is very considerable and it would . :\l
" seem I.Pat the: small loss of matcrial shondd .
'Ocrur at the cxpensé of both hot and cold ¢nds  In the case of solutions containing HCT and Fet T1s
. (* tube, iulhoul parncul.lr pn]udlu o that diffused for 4 duvs, samples from Joevels
either. ) . onc-third down 1the tulx and two-thirds down
}\cvc’;thelcls thc r(;sulu. for f( rréus chloride in - showed Iarg( changes of acidity from the original,
nﬁxtump were 80 uncxpected that three experi- — and the original uur was used as a basis. ‘The
‘»,-. ments Ehere reported as the last thru items of _titers for ferrous ifon from these levels gave Q
“ble y wm,‘ﬂone sfter the wmph tion of all  welcome check on the titer of the oripinal
tho ‘other, work, when we found that the appa- * mixture.
nhpuhbeﬁlledcothat nomrspaeellm
‘ogntact with_the hot wall and creeping is there- _ ANALYS)S
P “oee Wu Since the volume of, the upper Measurements of refractive index were used
‘“d Wace s considerably greater by this for solutions of glycerine and of acetic acid, as
“enanner of Alling, & longer time was allowed l

g e . noted below. -
: tlbcphct P L
R - Mw to S R In solutions containing iron, ferrous iron as
= o f_;_ . J' - _" >y * ) G. i ’ determined by permanganate titration. Since
z{» e L !‘!"‘-"' e " chloride was present the method was checked by

Nta' the Madm. a mm ol about 1 oc analysis of known mixtures. Ferric iron was
taken from the top with & smal! capifiary determined from the titer for ferrous iron and -
;ipcnc. When cool, a portion of about 0.3 oc the titer for total iron as found after reduction
m Hymadhlw.ﬂp'pcttr with SO, and removal of excess SO,. In mixtures
nmple ‘

11”

1 _€c was taken lmm the of FeCl, and HQ cbe acid was ﬁrst Betermined

’ -

P
5

-

/
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* . - by ftitratich with rodium  carbonate in the muitiplied by 100 and divided by the titer of
- presence of bromphenolblue (without any pre- the original sample subjectid to diffusion, When
-« dpitation of irpn) and the ferrous iron then the result is negative, this meang that the sub- .

lil*'tcrmincd_ by permanganate in  the same  stance is (abnormally) enriched at the upper end. v

) mample, a stream of nitrogen being used through. No “correction” was applied for changes in
out to prevent oxidation. In mivtures containing  the average temperature (74-85°, according to
ferric iron the acidity was not determined. the scason of 1he year). The results which we

<o Tnothe apalvsis of mixtures of ZnCl, {or  compare were done under nearly  the
¥ Bl and HCL the hydrogen fon was first  conditions

) titrated in_the presence of methyl red. The The

sime

concentralion ratio lower titer divided

. . Y oupper s alsa of some interest an i5 re- T
Tamir 1 Difusion of cdntione contasning HO), FeCly or by PI"} ot som .“ ' d r
) FeCl or combimations tn opperatas Ao 7 ported in Tables 1 and 1. 1t is not possiblc to )
o - .o calculate it accurately from the percent effecy
o ! ) g T atone because the mean of the compumitions,
"t MAT . .-
Ara e o ee UMY N can e upper and lower, is often not equul to the original
14 . . R - o ~ N 21 2 XN} LAY . ..
3 g - - . U or middle composition,
VA1 U S | R P * S O
05 Felt, 21 Fer s 22 1.29
Kam ) 31 Fer- 21 tw’ REsvLTs -
B Sauwe - , - | Fers g 28 | 1.0 . e i
. &-‘U HEL 0.5 M FeC, % ;;..-- -0, 32{: In apparatus No. 2 4 10-pereent (by weight)
- Naune ‘. 24 - . . . .
. - . _||‘- 190 w0 solution of kheerine in water was subjectd to
0.5.\.’ l!:‘.\'“..ﬂﬁll!’r('l: 28 :I. ‘ |,()) l‘ ditfusion .and  (he solutions analvzed by phe
v THCLOSY RO, 2y e 14 Ves  refiactive index The pereent effect was 6.44.
B AL 0 sy } Cl ’o ]/"_ K ":) 30 Samples at 22 and 48 hours show ed no dilference.,
< : LA entd: - ! 30 INL Repetition of thee oy COMENT gave i 22 hours the
. . -H 100 R | 1
0010 HCY, 0.5M Zal'l, 20 YO ’ 10 ereent offeet 6,54 - .
w 1M HCLOLSA¥eCL "ixog For - -3 0.8K : . —
_ . I N T e B apparatus Noo 1 the same solution show ¢d
. Name s Taxn :'|- “o-n 0.80  n (ffect of 28.8 pereent, with no differences in
T0SM FoCl. L 4 UX23 Fer - ’:,); I Z"""Z’- thy results ae 20, 28 and a1 41 hours. A repetition
O S — - L -~ of the experiment gave 18 pereentin 22 8 howrs,
Pt :

In apparatis No. 2 4 SO0-pereent solution of
ghvevring in water showed an cfleet of 3 perecnt
in 18 hours.

1otu! ghk,)ridc.\\'.'ls thn determined by titration

+ " with 01N AgNQyin the presence of fluorescein

S as adsorption indiaator, and the za (or Ha) N solution of 62 pereent (by weight) acetice *
. ’; " obhiiintd by” giffrn-m\-. When the method was

[ ]
Bl Y

acid i water showed no cﬂ'l-r[fl)) rdr:lcli_\r
R checked by analysig of solutions of H('| 3 small index in cither apparatus in 45 hours. 7
' ii .7 "diffescnee of titer was found (H and Cl). The A more dilute solution of acetic acid - 10

- 4 diffgence wafapplit-d .28 a correction factor 1o
. _athe resuits for mixtures of ZnCly (or BaCly) and

reent and about 1.7 molal - showed in appa-
percent

[ ratus No. 1 an effect of 8.1 pereent in 22.5 hours,

¢ '__H(‘! in_order # get the best possible relative and on repetition an effect of 10 percent in

[Ty Ty for gl chlaide. . ed on repetition i

S I ” I e ‘i!,;* Various mixtures of acétic acd and sodium
S ", ExrhesSion oF '}ESUL" | acetate were prepared and subjected to diffusion
e ¢ will be noted that we 4o not attempt to in apparatus No. 1. The effect for _sodium -
T X 0 i :

i 372 delefmine the tolal transfer of component past _acetate was determined by the refractive indea.
'gmi&mw plane, but only the extremes of A small .correction for the refraction of the

porien(ration at the svo ends of the apparatus.  acetic acid was applied which W =
EJ‘I‘ “percent effect” we define to be the titer small changes in its able |1 :

congentra

iof the’ sainple froaf e Jower end minus the titer ~ ‘shows the composition of the original solution 4
rgn the uppes el he Memibdn( then ' and the percent effect for sodium acetate. The . .
) . ,“,- ',’ :'-;-.‘ ) ., DR ooy "' ‘;“l‘ i -i % c o ) g

k3 Ty -

s L2



THERMAL DIFFUSION

tnnder ol mngucd was shown to be #gmgll or
®ero by measuring the pH of the various samples
b) means of a glass electrode and by then com-
paring the obscrved pH with that calculated
lm'm the measured concentration of acetate in
the sample together with the concentration of
acetic acid it would have, were there no transfer

- of acvtic acid. The approximate agreement be-

tween observed and ealeulated pH was satis-
factory and showed that the transfer of acetic
acid is small in the.solutions containing sodium
acetate.

These results are not sufficient to establish
that the acid and the salt in this case diffuse
independently but it is very probable that they
do so at lcast approximately.

‘More intere xtln;: Yesults were seen when solu-
tions containing iron chloride were subjected 1o
diffusion. Ferric chloride in water is hydroly zed
at once along the hot watl. This is duc to the
cxl('nsi\'c migration of MOl {(formed by hy-
drolysis) from hot €6 cold. Ferrous chloride

I

. not hydrolyzed in our apparatus if oxidation is

entircly prevented. This is accomplished by
Jeaving a trace of SOy in the solution until the

"' apparatus is 61ed in a Srcam of nitrogen. When

)

all the SO, was, on the other hand, removed by
“boiling in a stream of nitrogen and the flling
occurrcd 1n a stream of nitrogen, a little oxidation
took place and a light yellow ilm was deposited
on the upper part of the hot wall. The results

_» for transler of ferrous irof"were substantially the

,I
'--\
i
a1
v
4
a

sagic whetfier this occurred or not, as is shown
by the second item®f fTable 1 compared with

* the next two. In the case of the second item there
_ was a slight filg. In the next two, and in all

l’ughcr cascs (except the last item) in which

" ‘ferrous chloride was present without ferric, the

. trace “of SO, prevented any film formation.

ln(he(:scbﬂhe&st item the SO, was prd‘bl\ .

“too successfully in the apparatus by
dlmngtheuppemwltplnwmmomcn—
uﬁly to boiling under’partial vacuum after the

numh-d'baenmlormbour and a thin

third of the bot wall. The result of this experi-

agrees.with the others.

Wduﬁq.
diffusion, hydrolysis
n!,lmntlarnmg

ferric chloride and

IN LIQUIDS

on its upper part. Portions of the crust occasion-
ally drop loosc and fall to the bottom, where
they perhaps redissolve in part in the strong HCI
(about 2M). The hydrolysis makes, therefore, the
interpretation of the results somewhat uncertain,
but any enrichment observed at the lower end
is presumably too high. Thus when negative
enrichments are found they are probably correct
as to sign. A 28-hour experiment with a solution
1M HCT and 0.5 FeCl, showed =32 percent
cffcet. Three experiments with a solution § A
HCL 0.531 FeClyand 0.531 FeCly, running for 43,
24, and 39 hours, showed peraent effects for
FeCl, +26, 47 and =36, respectively, with
corresponding pereent offeets for FeCty =34,
=17 and =12
ferric

These expuriments confirm that~
chlonde can a negative effect an
mixtores and that ferrous chloride does so.

W puarantee that the
long: cnough for thewe mintures of four com- |
Ponents that mare than o
of the
prssibile for such complicated mintures.

show

cannat (mes were

It may b steads

stale approznimatehy same stabihity s

fEst Uss1oN .

Toacconnt for the fact that in nary ga~ ous
solutions the heavier species is alwans found 1o
be enriched at the cold tand low) end of the
gradient a simple appronimate theory has been
offered ® The theory of Chapmant also aceounis
for this and allows of small moditication of result
for molecules of widely diferent diameters.

Tanwr 11, Trawsfer of sodium acetate in muslures uath
and in af-pumhu No 1.4

Moiesauﬂaupeflmr 1.5 1.8
#olcaand pes liter 017 0.17

ucelte

Concentration ratin
Percent eflect

T R T e
n

-So far, it appears to be a fact that also in

binary liquid mixtures the heavier component ia

enriched at the cgld end, even ¥ough the

. beavier component has the amaller molecular

weight as in acetone-water solutiong.®

cmnp.ejcsun Phys. 7, 830 (1939). )
(;“u-y Chagenan, Phil. Trass.' (Loodon) A217, 118
'K Cluﬂmnndc Dickel, Naturwies. 27, 148 (1939).
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A Qonﬁrmat]on of the Theory of Thermal Diﬁusmn .

T. 1. TavLOR AND GEORGE GLOCELER .
Sohool of Clvvm.xlry. Universily of Minncsota, Minncapolis, Minnesola

Tlll experiments reported by Nier! and

Bardeen® demonstrated that the theony of
‘the thenual diffusion columm? as given by Furry,
Jones and Onsagert describes reasonably well the
separation of the carbon isotopes using methane.
Since the construction of a 40-foot column ty
the Liuthors® further experimental verification
of this theory has been obtained.

As desenbed previously, the column was con-
structed from a 2-inch pipe concentric with .
1-inch standard galvamized pipe from which the
palimizing  was  removed.  (More  favorable
sizes can be obtained i steel tubes.) The Mificul-
ties originally  experienced  with  the heating
clement were overcome by using four paralicl
Toops of No. 16 Nichrome wire running (o the
bottom and back through &haole porcelain in-
sulators. A one-qiarter-inch rod running through
“w hole in the center of the insulators served s a
method of holding then in place and facilitatet
remoying  the  whole heating  element when
necessary. The following figures give a desrip-
tion of the columin: width of i:r}nuhr spuce =093
cm; meéan circumference of annular space = 13 68
cm; area of annular space = 13.0 sq. em; volune
of annular space 14.2 liters: volume of bully on
the boﬂom=l 2 liter® volume of reservoir on
wp=24.6 lners height of he: mn;_ surface 10.9
melers.

In order to s!ud\ the performance of the
gﬂumn; methane kindly supplicd to us by the
Seuthern ﬁlnfmn Gas Company, Los Angeles,
was admitied at "different  pressures. Small
nmplqr. were dra\\n fr he top and bottom of

» .

._
Nier, Ph Rcv ‘$7, 30 (1940). e
AR R RS 1
’ and 1938);
1 ol nd[lrmwmm Rev, BS, S00A (1939):
per and Bramiey, ’ yn 7, 883 (19.!9) Groh,
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isotopes determined by analysis on a mass spec-
trometer. The temperature of the hot surface was

maintained at an average value of 316°C, while "~ ™7
the cold surfiace was that of the cold water

supply, abont 6°C.
difference was,

The average temperature
therefore, 310°C. A durrent of |
27 amiperes passing through the heating element
at 195 volts gave an average power cnnsumptlon
of abent 8.25 kilowatts.

The results of several experiments at 74 cm,
50 em, 28 em and 19 cm of mercury are plotted
in Fig. 1. The manimom concentriation for a
given pressure is reached after 125 to 150 hours.
A pressure of 28 em gave larger concentration

than either Jower or higher pressures. This is to

be compared with Nier's! resotts using a column
with a spacing of 0.712 e The optimum pres-
sure Tor that spacing was abouat 43 emi. A farther

compurison showa that the saller spacing gives e

A larger ~eparation for the
cofumn. 11, therefore,
spacing of abowt 0.5 em 1o 0.7 ¢m is preferable

same length of

for the 1ty pe of column deserilaed. LI

Analyses were il made on samples from the
top ol the column hint owing to the difficulty of
correeting the mass-spectrographic analyses fors
the presence of (1 (mass 17=0C"H,*) 1hey

were not considered as reliable as the analyses” -

lor samples at the botgom of the column. Corree-

’

0 uo o

o T it OUARS

Fn. l Vnnmon in the concentrution of C“H, at thc
bottom of the colump with pressure.

ApPears that an ;mnulur -

-
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Vi, 20 Variation in the separation facior with prossure.

tions are made empitically by determining the
refative heichis of the peaks corresponding to
masses 10, 1ooamd 18 The heieht of the O
Q I)(‘.IL' for w.ater vapor varied from 23 pereent to
30 percent of the height of the HEAR - Subitaction
“of the caleulated height of the Q¥ peak from
-~Ih¢: total height at muss 17 foe the sample gave

the height of CUH peak Careful regulation o

the energy of the donizing electron heam
Nier's previous ool <t cimimated mach ol
2 hid diteatt ) However, weighited mean of the
values after equilibnimn had been seached cave
the following vafoes for the pereent of CR -
at fhe top of the column: 73 em= 070 pereent,
4 50 (‘Ill—ﬂ’l pyreent, 2R em =040 percent,
. 10" (‘lnﬁo o0 pereent. The corresponding ratios
U for the maximum concentiation of CRH, a1 he
jn)ltnm divided by the concentrate at the top
yives, reapecl‘\ﬂ_\, 213, 4.9, 9.0, and 6.2
®. There was a very laree separation of the im-
" purities. The ratio of the concentration of carlon
dioxide at the pottom to that at the top was

« often more thaa 1000 (0 1.
* The variation in the'tatio of the concentration
‘o[ ;'"ln at the bottom to that at the top,
C,_v Cey can be calcuhted from the theoretical
equ'lllom "of, Furry, Jones and Onsager‘ For

sanytgiven mfumn. te dependence upon pressure
: - s

can be reduced to 2 simplified equation of the

form
CL

— - =l P e

Cr
where a and b are constants and p s the pressure
in atmospheres Using the dimensions for our
colmmn and caleatating the constants 2 and b
from the theoretical equations in a manner
desenibed by Nier' and osing his value {or the
cocfficint of thermal diffusion, the value of x
1~ uiven by

1. (N &

A= ——

14+0.0806 p*

Figure 2 shows o comparison of ¢l theoretical
curve with expetimental paints. The resolts
show reason ible agrecment. the theory predicts
the obisetved pressure for masimum separation
and the maumer i which the separation de-
creasesawnth increasing pressate 3 the observed
devations are real. they <cem o indicate that
the sepaation is Tess gt higher pressures than
would be predicted Baodie theoryve This many’
vasthy result from nniss movement of the gas
or mining due toasssnimetry and irregulanities
m the colunn, This elfect nun also he more
likely in g column with a Lirge <pacing (0 95 cny)
comparcd 1o one with smallér spacime. From g
tudy of the theorenical curves for columns ot
different anuuolar space separations and from
consideration ol the tiatsport of heavy carbon,
it appears that the spacing in thermal dilfusion
columns of Yhis tvpe shoutd preferabily he be-
tween 03 cmand 0.7 ey,

We wich to thank Moo B ML Laalhere,
Technical Supervisor of the Somhern California
Gas Conpany, Los Angeles, for the supph of
methane gas, and we are indebied to Dro AL O,
Nier for carrying out the mass-<peetrographic
anah ~es.




rlpudl) u the tzmgcrature rises,
(Fig 1) decreases very rapidly.
The determination of the
ganeouf films requires apparatus of high senai-
* tivity and donsiderable accuracy. It is apparent
fRm the equations Yhat as the area of a gaseous
Alm increascs the increment of heat content (k)

dnm Emy—~—0OFmy

' relations of

+ approaches zero for spkcading, while for expan-

2

", of the substance of the monolaver,

DEUFMBY R,

sion it appreaches h. or about 1
ordinary temperatures, and ¢, ‘approaches Gu.
or about 44 erg em='. Iy s obvious that in this
case (A1), and (Q..) which refer to one mole

their

16 erg cm~? at

lose
significance, but this is not truc of h, and g,.

It is often forpotten that 2 film, such as that
of an amphipathic tpodar-nonpolar)  organic
substance on water, includes all of the region of
the surface which contributes 1o the surface
energy, that is all of the ene rgy assnciated with
the surface which ls(_nut accounted for by three-

A'<‘l -
LN JOT RN AL OF

CHEMICAL

dimensional tht:.rmodyumxc treatme: jwl:iclx
negleots the extent of the surface. The contribu-

tion of the first ta cro{watermoleculatothh/;/-'—-—— .

energy is very important, whether it is covered

by the organlc layer completely or incompletely, -

and while the second and third, etc., layers
rapidly become less important, it is obvious that
the first layer of water molecules, though it
contributes by far ‘the greatest share of the
surface energy due 1o the water in the sur-
face region, is not the only one involved.
Thus in the utilization of the results of this
paper in connection with the problem of inter-

molecular attraction in the maonolayer or the

film, the energy of spreading and of extension
are both of fundamental importance. It has been
considered advisable to limit the present paper
to the thermodynamics of films. Anyv applications -
to molecular theory has been deferred to later
L)’\"V-rq

-

.
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Effect of Gravitational Field on the Thermal Diffusion Separation Method

L

1
Mittox Farnrr ase W, F. Lian

]‘rJu:' wwert of Chemistry, University of Califirmia, Berkelex, Colifornin

WRevived May t

1840

A test of the eficet of gravitationa! field on the operation of 1he Clusius-Dickel thermal

& diflusion method o gasseparation has heen made by use of a hollow disk with one hot sur(a“r
the whele disk <pinning at various speeds Linear increases in hoth the cquilibrium separations
and the rates of separation with increasing centrifugal force were obtained for speeds below

a certain manimum valur

Abave this both the rate and equilibrium separations fell rapidly.

He-CO: mixtures were used. The results indicate that the standard column would be imperoved
if it were placed in @ larger field up to ten times that caused by gravity. Theories for the action  —~
of the therngd diffusion colimn shoulit show this. The apparatus cannot compete with the”
standard colifhn tvpe for |sull)pu u-;urauom but may have some application to industrial

~ paul iom problems.

T
LUSIUS and Dickel' have aboun that the
coumter current flow obtained in the gas

lxluccn _two vorm:\t,mnccmnc cylinders, the
’nner one of which is heated operates t0 incresse

J cbcd!cct of the dn-rma!daﬁunoo lepnntionol

Thccﬁecuolprmm, :
I‘H.Nu-'rh.ﬂ.lu
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the apparatua temperature gradlen! and charac.

ter of the gascous components all’ have been in-

_vesugated in some detail,"" both thc;or:u'mlly

'A.K.Brrvcrlbdh.ﬂnmk) Phys. Rev. 88, 590
Om)ndG Dickel, Zeita. . ph'ik,_,guu!

sznsu(mo) =

. LW Hmluvu
Nnm 27, 230 (1039) !dn.f

SF. L d Phylik 204 (1999).
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Fig. 1A, Side dI.ILY.l m of the centrifugal thermal diffusion
appeiratus (drawn to scale).
1

.
and experimentally. The authors have attempred
to¢in\'cstig:nc the effects of variation of the
gravitational Gield by use of 4 rather drastically
_maodified forny of the apparatus,
- L3

. < APPARATUS

Since the us¢ of centrifugal force is the only
way of varyving the gravitational field, the appa-
ratus ‘was 'vblgncd 50 the necessary counter
. current would occur perpendicular 1o an anis of

“rqgation. The standard tube arrangenient was
. teplaced by a l'p(atlng hollow disk onc surface of
“which was heated and the other cooled. Reser-
w vairs for e gas were prov:dcd at the rim and on

:, the axis of rotation as show nin Figs. 1A and 1B.

*“T'he whik apparatus consisted of brass approxi-
,m(dy t mm thick. The hot pl:nc was heated by

iation f a Nichrome wire heater wound on

" éransite shoet and mounted approximately 1 cm

“#from thc’brnn.urfaoc while the opposite face
;‘ ' e electric

of a

Iov Pectangular tire with a volume of 780 cc.
mculcockfornmphngd\cnmxanwnlomted
@tﬁcmd’mdmcﬁmud}own A reser-
ir of 20 oc volume was located op the axis
rotation with a samglting cock attached. The

ﬂlmﬂdbyaﬁmwmnt_md‘

-

——— e e — . A

J

4
1 ]
IA:Y
L

.

AR Crosewectional diagram of apparatus LM d!i"h

to <cale). ,

bearings were mounted in iron brackets on a
sturdy platform for support of the wheel. The
speeds of rotation were measured with a standard
strobuscope 1o about one pereent accuracy. The
speed of rotation was constant 1o one oOr two
percent at each speed, though a spall amount
of irregular vibration <ct in at the highest speeds
of approxinateh 1000 1 poos, ’

The surface tempwratures were micasured by
placing Chromel-Alumed thermic miph‘a in direct
contact with the surfaces. Various segments of
the heater éoil were provided with separate Yeads

o that the arca of the heated surface might be
varied in both magnitude and distance from the
axis of rotation.

The ‘inner surfaces of 1ln plates were 7 mm
apart and the volume of the interplate .regrion
was 600 c¢. - e T

The ¢as analyses were l“'ldL on 10-cc samples
taken by stopping the wheel and using the rim
.al‘\d axis cocks. It was shown hy sampling on the
axis during rotation and after stopping that
stopping the wheel did not lcad to appreciable
mixing in the two or three equired to
take the sample. For most of the work, in which
C0, and He were being nepamted the analysis
vas acoompluhed by freezing out the COy in a
hqmd -air trap and reading” Thaiige
po a capillary manometer. By uming capillary
_$ubing throughout the syatem and taking reason-

lhlc care to make the

w
. g

LI
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900?

e

gﬂ
335's00?
9 100
fioid at Rim  gravty = |)

200

|-l(. s lﬁqulhl-rlum wparalion . speed of rotation
AT = 290°C Ne= 065, heater arca =278 eni®. Time tor

cach run, 2? .

breaks. Figure & givis the dependence of A,
(n-nur) on the heater arcea, the open circles
ﬁ.‘f(rrmg to variations obtained by changing the
radius of the inner edee of the heated region,
\\hllc the solid circles belong to data obtained
b\ varving the radins of the outer ulu Appar-
“ently there i no Lirge difference Itween the Y
l\\o sets of data.
s

* DiscurssioN

¢ The gas flow which occurs is a combination of
-a gencral movement of the gas near the hot sur-
dace inward toward the axis with a transfer flow
of part of this hot gas across 10 the outw, ird
moving col8 strcam as_illustrated in llg. U3
The hot gas flows across to the cold stream at a
rate which & constant for cach unit of arca of

 plate surface.$The truth of this statement is

" apparent if one notices that both the force acting
%o pusfPthe gas toward the rim and the arca
acroms which it moves in flowing tow .lrd the rim

‘ncreasc directly with the distance, a, from the
" mxis of W‘Oﬂ To maintain approumah]x

'omhtant presure throughout lhc gas it is

necessary that, instdad of commn occurring
as the b3t gas stream moves inwayd, a partial
Povement acrges to the &old stream must occur
#o complnsate for the decrease in volume avail-
$tis 4150 koeps the outward moving stream
suflering”a pressure decrease. For & given

AND W.

F. LIBBY
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(v_/NJ. 100
' S

0
100

200 .
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La'ge Hepter

mal’ Hisgine

RFMW -

I 1. I Dect of hoer arca on equliboonm Scpartion
For lnrp heater, A7 =200 ¢ heatar ana =338 et N,
=002 Vor el hearer, A77= 290 ¢ heaiter area = 258 cm?,
Ny= (068, -

decrease must hoe cqual to the How 1o the cold
streant. The arca. of the parallel 1o the
wheel surfaces across which this flow oecurs
obviously js proportional to ada also. so the ratio,
the flow from hot to cold stream per_unit area
of whenl sur{acc, is consmnt over the whole
wheel. -

» Using the dimensions of j.hé apparalus the
viscosity of the gas, and approximate values for
the tempefature gradicnot the velocity of fow is*
cakulated to be about 150 em ‘sec. at the inner
edge of the heater and 300 cm /sec. at the rim at
818 rp.m. The hot to cold stream flow is about
1 un/aec undcr these mnditionn At other

plane




e ..

THERMAL Dirpusion AND GRAVITA

te and

th increasing”u* break

ases. Both the sudden-

Dreaks and the gas velocities at which

€Yy oocur indicate that turbulence sets in undcr
these conditions.

~ The Fhapman-Enskog thermal diffusion proc-

€3a, Whlcl{conccqgrates the light constituent near

the hot side, must be established rapidly with

Tespect to” the rates of Aow below those for

380 r.p.m. or the lincar rises shown in Figs. 4

and 5 ff)r A and A, (center) ps, o probably would

not exist. In* order, that the counter current

action should_ increase directly with the rate of

flow, equilibifiym must be ncarly completely

) csmbl_islu-d for the whole range of speeds, Tt is

conceivable thatt the breaks in Figs. 4 and § are

caused by fallure (o establish cquilibrium rather

than_ by turbulence., The chicf argument against

- this interprclglfnn 15 the sharpness with which

the breaks occyr,

The lincar increase of 4
of the heated surface indic
most impor(a_nt part of t
transfer of the hot gas to the outward moving
opld stream gwhich has been shown above to
oocur.at a constant rate per unit area of heated
3 wrfacc.'indcpcnd_ecdy of the distance from the
.__,.' axig. of. rf)t‘atﬂn. ¢t scems reasopable that this
S e

.

= and A with the area
ates strongly that the
he cugrent flow is the

- e

——

‘possibility.

"fin dction to an average column f

TIONAL FIELDS

.
| 3

Il
1]

Cola mn\.l”
IS

— l

~
<
~
~
-~

l
{ Hot wall )

FIG. 9. Type of flow taking place while apparatus is in
operation. f

should be the case. The gas moving to the cold
streanm carries an excegs of the hcavy component
with it leaving the inward moving hot stream
somewhat purified. .
It seems certain also that turbulence should
set in for this ty e of flow at somewhat lower
velocities than for those existing in the standard
cylindrical thermal diffusion apparatus. On the
other hand, it may be true that the condition
that cquilibrium be established rapidly with
respect 1o the counter current velocity may be
less easity violated in the whedl apparatus be””
cause of the intimate nature of the contact
between the inward moving hot ‘gas and that
part of it which is just leaving to join the cold
stream. However, since the rises were obscrved
to continue till the main part of the gas was sub-
jected to a ficld approximatcly 20 times that due
to gravity, itisrelatively certain that th
Clusius-Dickel, Brewer-Bramley column would
be much improved if it were possible to increase
the gravitationa! field to some ten times the
normal value. We should expect all theories
for the actions of the columns to show this

-

The wheel method seems to offer little promise

P ‘a8 a Competitor “with the ecolumnar type of

cordinary ——

apparatas. Our apparatus was about equivalent -

ve or ab
use of

fong. It & posible, however, thyt

- ,’*_"'Iledlolmudlhrgerﬁdﬁwithwrhcuhcamd.
4", " by fames or superheated

steam instead of elec-

Sso . triclty woyld afford a lems expensive method of

I
i

. -

.




A Simple Theory for Separation of Gases by Thermal Diffusion®

L. ). Ciwrgsen

Kesearih Laboratory of Physcal Chemistry, Massachusetts Iushiste of Technology, Cambridge, Hclladlx,u_;—

{(Receiv edd .\la) 13, 1039)

Fauations are derived in o <imple manner by equating
thy net bomburdment of cach Sprves geross a plane
Ifucen yun adjecent thin Levors ol the gas minvture 1o ke
amount of cach ~pervaes retorned acsoes the plane oo
return flow, which fow is aesumed meesan 1o Kevp the
PTsune constamt amd i dasumeed to carry hack the carions
sxviesin the proportions in which 1hay exiat in the negh-
borhoxel The avirage tempe catures of the Livers Qiffer fn
41, bur the bombardmint ot vach <puecis s aseunies] indie-
pendontand Cabouladde many Liver i the wan the pressure
of an wdeal pac a1 conetant te mprrature i~ caloulat=! The
resultine equation for oy nistures does betler than

INtroDUCTION

. IXTY years ago Soret discovered tha partial
separation nay oceur within a liquid solution
if30is placed in g vertical therma! gradient —the
hot end being at the upper level in order (o avoid
‘convection. A recent investipation is that of
Chipman.! Thirtycight years Luter it was found
~ by, Chapman and Dootson® that this effect takes
place also in the case of mintures of gases. A
re¢ent symmary is that of 1bbs? This discovery
followed the theoretical prediction of Chapman!
of the same year. The effect was also predicted by
Enskog$ Chapman’s” theory indicates that the
molecular diameters are of importance as well as
the molecular weights and he has sugpested® that
" separation by thermal diffusion may be of value
" Jor the separation of gases of equal molecular
weight dnd of isotopes. ey ‘
"Emmett and Shultz' found sepatation by
therma! diffusion to be an important source of
error in the measurement of chemical equilibrium
" - by the static method in gases at high tempera-

*® Contribution No. 424 from the Rescarch Laboratory of

_ Physical Chemistry.

] VJohn (\Apm.u Am. Chem. Soc. 48, 2577 (1926). .
L8 g 9ﬁ!’lpmm F. W. Dootson, Phil. Mag. [6] 13,
48 (09) g

sT. L. Phywca 4, 1133 (1937). - - .
3 3 Kila.‘rm-. { ) A217, 118 (3917).

Inaug. Disms., ta (1917). This is the’

ited by Jesns,
_ , Phil. Mag_ 34, 146 (1917) ; 28, 182 (1919).
. . H. mett and J. F. Shultz, ). Am. Chem. Soc.
B4, 3700 (1932); 58, 1374, 1990 (1933).

)
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give the order of magnitude of the obaerved SPRNtion
It appear- 1o give an upper limie, cither in 2grerment wp)
data or wniewhat higher  up to about twice the obmeryeg
value and (o fit data somewhat better than Jors 1he
approximate equation of Chapman  The ARreement
poor st for mintures contatning hyedrogen and ala, % hey.
ever thelawer temperature s extsemely lyn Thy ~iatum,
for mivtures of and number of <ucics are <implee: Thet
mibicate that the oparanion of 1ao heas ier SPeeies shoy
b iniptoved by wdbinon of a hehy was An attempr g,
mprost the cquimons bnomrmducton of mean (e path.
v oumd Pl s, il . arlnrory values are to ta CNorwen

- - "";
tures, unless special methods are .:]dnpn-d to
minimize i,

Scparation by theemud  diffusion did Lm

promise to be of great practical value ungit tant

yvear Clusius andd Dicket® found a simple wav of

cascading the effects. This consists curiously iy
using . horizontal temperature gradient l)i‘.'\tv(-(.n
two  vertical walls. Convection,  which can
obliterate separation, is here responsibie, i
properly designed apparatus, for an accumulative
eflect. Cateulition by the aid of the simple
equation presented below indicates a- mulrip;.
cation of the effect by a factor of 28 (o 30 per
meter of length of veriical walls,

Brewer and Bramley® have alsn oblained

multiplication of the eflect in the same general

manner. It is clear that we have a new method of -

separating gases that promises to work when
there is any difference of molecular weight,
The same arrangement has been found to work
well in the case of liquid sotutions by Korschi
and Wirtz" and Clusius and Dickel." Tn thiy

,case the molecular weights ordinarily assigned 1o

solute and solvent do not determine the mepara.
tion, but perhaps rather the partigl vohimes per

gram in the solution: thus, acetone in mixtyre

with water is concentrated at the hot end. In afl
- ! .

*K. Clusius and G. Dickel, Naturwias. 26, $46 (1938)

'A. K. Brewer and A. Bramley, Phys. Rev. 58, %0

(1939).

© # H. Korsching and K. Wirtz, Naturwise. 27, 110 (193,
b K. Clusive and G. Dickel, Naturwiss. 27, 148 (1008)
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THEIHAL DI"USION 0' GASES

that (ﬁ\o!n we'dre cmoemed only mthgneom
mizvtures. -

In order to arrivg at a workmg formula,
Chapman'? has amplified his more general theory
iy aasuminghigid, elastic and spherical molecules
und by approximation. The resulting approxi-
m_]u [ormula for a b.nary mixtute is of the form

bomdry/dIn 7= An e
. 14-Cxi/xat Dxy/xi

where x denotes‘mole fraction, In denotes natural
jogarithm, and the coeficients A to D are func-
tons of the molecq}ar weights and the ratio of the
diameters and can be cal(;ulmed by equations
gven by him plus the relation ‘@o_1=a_,¢ which
the reader cam supply from cons:dermans of
..\ mmelry. T

The observed sepqr.ltlons are usually less and
ohen much less thag (hose calculated from Eq.
1), ~o that Ibbs and others deal with a correction
factor R: equal to the obgerved value divided by
the ralrulated n'rheoretlmlly R; is lower, the
“witer the molecules.
¢ Acording to Eq. (1) the aeparnuon is mde-
p.ndmt of the pressure. An experimental verifi-

mlmn haa been gwcn by {bbs Grgw and Hirst."

l
DFll\'ATlOH ‘- THE. S1MPLE EQLATIONS

. suppou: the vertieal guuﬂumn.mcompmed of
\hm layers that exchange molecules by inde-

t bombardment. The bombardment per
eecond frm a gwcn laypr in the upward direction
‘Wasofkindiis
ol its &cpsity m,in the layer and'its mean velocity
,,‘n:eht:erh tol;ealguhted !romq:e
-Fqnauon b‘ .

thﬁemotmn-qmvdodtymdq

.qn.mt«mtdi vdghl"'l'be'
downward from
',puthvu Mﬂndﬁﬂtybw:upddu

e =% { uw.mm Mo (6] .
yfq_nufnl(-n-hu-uﬁ calcalated seperstion
?#inr-ﬂmm(w@—-b
o) I.IH-.K.E md@tﬁn.mnm

¥ $uc aad-) C“(ﬁ-
u‘m J-mr

Hj-.

t progortional te the product

mean velocty Is c¢+dq, oumapauﬁng to &:
mpemmm T4dT, is then proportional to the

product (m+ds)(c,+dc). The difference in -~

bombardment (computed as an excess down-
ward) is then proportional to the difference of
the products, d(»«,).

We shall for the simple equations suppose the
factor of proportionality the same for all gaseous
species, and only later discuss whcther this is to
be expected. ‘

If now this difference in bombardment is put -_ =

equal to zero, as the condition for no net flow
across the plane separatjng these two layers, we
shall find by applying the ideal gas law that the
pressure along the gradient is proportional to the
squaré root of the temperature, a result known to

be correct for very low pressures and capillary - -

tubes by the work of Reynolds™ and of Knudsen.**
As the gases have been supposed to bombard
independently it is evident that there would be

“no diflerence of composition along the gradient in - .

the steady state. (There would certainly be

e —

“transient differences produced if a Lradlen( is—

suddenly impersed).

- At ordinary pressures and tube diameters,
houever, the pressure is known experimentally
to be practically cénstant throughout the gas in
spite of a_temperature gradient. We make the
following assumptiog. The gases bombard inde-
pendently and tend 10 produce a higher pressure °
at the higher levels, but a section of gas a few
mean-free-paths long cannot sustain a pressure,
s0 thit such sections of gas are continually sliding
down the tube, and this backward Row carries

the vanous gases in the, propornom in uhnch they
. occur in the section.

In the steady state the dtﬁereno: of bombard-
ment’ per second is therefore not zero but is
cqu.al to xdf, whert x,1s the mole fraction of the

[umthermxturt at the given level and df is the _

-total fow per sccond backdowntbetubeand
ncro-thcplane Fence for any gas = -
Cd(acd=kadf, g - ,'

‘u.\ ‘

Tn-.m ll

g:nd-u 127 um)
Kn-h. Asa. d hyﬂ ll,

h)/

Q)
Ml»dunmefouﬂzmuuhemvgnlevel

“Therelore” at any given level the expression
‘(l&g)/:;illthenme value for any gas. As the’

ﬂfmmumwdmw_

PESNSY ey

-

-




A
dnndvd by the sum of all the densities at the
ame lrul the expression din,) s the same
for any gas, and haee alg < (d Inn Adinc).

- Now by Eg. (2. d s, =}dn 7 and from the
Jaw of ideal gases, applied o mitures, we have
px.=n RT anl therefore for constant pressure
‘ong the gradicnt d In n,=d In x,—dInT.

* 1|k|nL use of these two Yifferential cquations

and of the su\v—l’ulumof\ m, for ¢, we find that

1t m (dinx, - }dIn 7)|~tbl s for e uh;nﬂ or
1w (dInx, —3d ln I8

=1 m. (d in ..\':—.‘,d mwT)
M g, (d1n i— 1dIn 'T)‘

v -
-
. . \\hlr( Yis any spevies.
When thére are onlp 1o species, daz=
- and we easds find than
P A\ ]

dinx,
d ln ya '2(:91,\,+m.\,)

—dxy

xa(mrz—ny) '

(™)

~ For beater Calnnum with Ch p. an’s l - (O

¢ it ean bie put in the form’

B.\- 4
- - {0
l+l) X~ .\‘1 i )

- & dA; -
‘Hn7

where B (e my—1) fur n vtural lop: irithms
Cand D’ =ms m,. In view of the crude treatment
® ' ofthe thermidl pradient psed above, the wimilarity

- ",“' .. of th¢ two equations, especially with respect i
* the occurréncegof “The Leniperature, is surprising.

* ) a&aump‘on Mout l’h(%
©* Ytheir ratio is zego or unity)
;, @il make Eq. (1) agree with Fq-45).. . -
‘Chapmani Quauun has been used with ap-
prmumate |mcgralmn by _ asspming the mole
fractiofs on the right-band side as constant and .
~,equal to “their average values. The same should
?"p.u:my suffice for Eq. (5). However, ﬁe inte-
mﬂrcsnlt foritis o -

.. l’l' . (’ -x) )
e

T e Y- m) log (T'/F), (7)

-vwhut tbc gma indicate oorrupond'mg limits.
This cAn be solved by successive approximations,
-trbtp!r-rifﬂn 'hdcaepambonwmu

¢ U

(,«
\'
. ‘ e

L.
13

‘®

© may not quite determine the maximum.

ameters (such as that ~
has been found that |

). GILLESPIE

desired lor a given ratio T'/T—one mnyc.k‘.
"by it the ratio b=x//x, from assumed
of thé ratio a=(1—x)/(1 —xi'), then fad

x/'=bla—1) (b-1). The ratio a runs

the limit t {at xg=1) and the limit (at ¥, my
whose logarithrs equals §(m, ‘m,—1) log (r,n

If the pressure is not assumed constant, Eqq
{(4).and (5) are readily modified ‘and the integra.
tion easily carried out for two speoes if we know |
how_the log.]hlhm of the prmure varies wj
<log Tin simple series expansion.

According w0 Eq. (5) ghe maximum Valu(- d hl' -

fnr mo gi\ en trmpt-r.nurrs is reached when

. x:—[‘l—fm. ‘m)t) (1=m, my),

where, it will e remembered, the m's denote

square roots of molecular we ixhts. The maximum®

isat x; =03 \\}u wor ome=1, and af x=1 “htn

m

—

pty ma=0. Faperimentally the m\\lmumlsfuund/*.

at 2, somew hat excevding 0.5 for m - nty less than
unity, except perhaps in miztures of hydrogen’

~and helium. Here Ellopt and Masson™ believed’

1B s imum to lie on the other side of the curve,
but the four points are wmn\hn irregular and

When there is any nambwr g of species we have,

comparing pd 1 with any ;1s f with the aid of -

Eq. (H)

A dy, ! g
O ( )dlnT rq)
”, my, 2\m

n, 1/my, ©
. Sl =dat ( —-.r.)d ) 'l'. qm

n 2\ m,

If we add dp the ¢ E gs. (10) inwhich 1 runs over.
all values from 1 to g, noting thay Sdx, =0 and
Sx, =1, we shall chiminate all vanations of mole
fraclmn except dxy and oht un after mulnpl\mk
bolh sides b) my, .

rmadinn=}(Sma, -middn T. -
? ez

Hence dlnx, dln T=}(1 -'—m.’?m,x.),

(ty)
(12
where the summation is over all species. . -

If (at very low pressures and with tube’of
" small diameter) the pressure is not constiant over
the gradient one can show that the nght-
hand mde of Eq. (12) must be mulnphrd by

rG. A jott and Irvine Mauon Proc. Ro; Soc.
@London) hu 318 (ms)

-
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Fa. | ":\Cl:ns molf fract ion of the heavier pasin the col chambeer plotted againa
the mole fraction of the heavier gas in the cold ¢ hambéer Data of Folliott and Masson
Temperatures abour 0° and $500° Solid cusves from Eq (7Y, Liroken curves from

Eq. (1).
- » . )

1--2dIm p dInT). In the “limit, when the
Tembardment is not accompanied by a return
dow. p=ky T, thefactor becomes zero, and
thermul separation

lquatton (12) can e applied to find the
L cheoretical effect of foreign gases on the separa-
uon of WO gases of kinds 1 and 2. No expen-
ments seem o have been made of this kind, -

We have forgas 2 @

nishes.

'Y diny, din T=(1—my Smx), (13)

jrom which together with Eq. (12)
' - dWn (.\-1*:,) ny~m,

25m.x,
.

(14

dinT . .
@ \ccording 1o this ‘equ:uion. th relative sepa-
ratioh of o gases by thermal diffusion, defined
1 1he teft-hand sidc¢;! Eq. (14), is inversely
pnx]ull'li()lj.’l] to the mtan root-molecular weight
of the mixture and it_can therefore 1w increased
1w addition of a third gas of low molecular
acight to decrease this mean. The limit of the
mean [mﬁddili‘?n of gas 3 is m;, approached as
the cumposition approaches that of pure gas 3,
and at the limit the eflect of adding gas ¥ would
e v mitiply the relative separation by the
rativ (muxi+ msxs) ‘my, where x, and x; are the
mole fractions before addition of the third gas.
For the segaration of the chlorine isotopes 35 and
37 Ly thetmat diffusiqa of hydrogen chloride the
wparationswould be multiplied in the limit a
ftde better than foys times by the use of
bydrogen s third gas. This consequence of Eq.
(14) has recently -been pointed out by the
< author.!* £ :- :

.

W L] Gillespie, J. Cheg, Phys. Y, 438(L) (1999).
. ] :

CoMPARISON WITH EXPixrivENTAL RESCLTS

Figure 1 shows the separations found by
Eliott and Masson'? for three mistures of gases
over practically the same temperature intervils,
“about 07 to S00°, The separations in percent are
plotted against the pereent of heavy gas in ahe
cold end, thaugh averige pereent of heavy gas 1s
more convenient for theoretical purposes.. The
continuous ine is that given by the inteprated
‘Eq. (7) and the broken Yine s that piven by

CChapoman’s approaimate Egq (V0 with approsi-
mate integration. | - :

The agreement of Eq. (7) in the irst two cases
(H, and He, He and COy s impressise, but the
dintreement in the third case (H; and COy) s
not to e dented, as the indications are that the
dutaarenot toolow, but rather somewhat toohigh.

When other data are taken into account it is
found that the obseryed separations are usually
less than those calculated from Eq. (5) or (7), so
that Eq. (5) is good enough with approximate
integration and compurisons are best made with
the aid of the fraction which the observed effect is
of the calculated. \When Eq (1) is used this frac-
_Hon is denoted by R, When Eq. (53) or (7) i» used

“this will be denoted by C. .

Now either E£q. (1) or (5) ought to be valid for
the purpose of compuring one investigator's
work with that of another when the temperatures
and compositions are not too different. Vet the
work of diflerent investigators does not apree
very well when compared in this way, as can
sometimes be seen ‘with little or no calculation.
Furthermore 1bbs and Wakeman'® have pointed

WT L. ibbs and A. C. R. Wakeman, Proc, Roy Soc.
(London) A1, 613 (1932). - -
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s 1 Valurs of 1060 C over a range of temprrature. The mean difference is favor of C is 1§ W

—_ . . _ . _ .

highest figure for R, is 78, whereas ('txceed,-. 3
Lower temperature —41 - &) —§R -8R =110 —179 1IN Cos : ‘ H b
e ) v.-‘;( it SR, ol < D six cases. It seems clear that Eq. (5) is |
N . i R only simpler to apply than Eq. (1) but five
considerably  better results. Furthermore

TarLy 1L Jottimes € for varlous notnoes Cequals rutjonf . : .
observed «cpoection mer that il wlated hv Eq 15) ’ results of hq' (5) are sometimes excellent, *

N, | Con | M GENERAL DiscussioN -

a3 _ One may expect that the observed Separatiog
&1 = . will not excred those calculared by the new
s4 | o0 2 7(5) and will seldom (except at extremely log
xx témperajures) fall below S0 percent of the
calculated values,
. ~

[t may be, haqwever, that the protiso should b
made that the experimental value be obtained by
dpparatus not too different in character from the
various arrangements already used. For, the =~
equations purport to determine the H_'pam(ionby v
means of only thermody naimie variables, Now the
problem does not Jook like a thermodynamie one
and nnnlhc‘rm\lnl_\'n.umi(‘ vartables 's.hou](]" l;
exprcted to enter. But, perhaps ecause lhq-v:’d
not enter the approximite eguation of Ch-ll";un,
the experimenters often report only  therme.
dynamic variabiles, omitting any deciiled de.
seription of apparatus dimensions, and they do

nfincluding mixtures of mongmic gases. - ; . ' .
fincluding mxty n:% b not appear to have studied the possible eflcciof !

88

N )
. out that &,(=dx d In 7 is not really determined
b)iht- composition as both equations indicite.
0 -« Thus for 4 percent £O; with Hy they tind
w L R=042 Tor temperatures below 144° and 0.60
I 5Iac|u¢i°n_lkl and 300°. Also at very low tempera-
e tures b, and l{h('rcfrm- C decrease xtsy con-
- ederably, Thux for the experimant of Ibbs,’
R ; ¢ Hirst® with 46 percent N, and argon;
~ 12 higherAemperatare = 16°, the values of € are as
ived ip Table I. ',nw upper limit is X5, Similar
Its hold for other mixtures imTntigated by

-

C ~ues, Cin erefore be very any variables other than th Po
N .3y _ N H] *S ©r v > SS >
¢ Table tHe 15 for extremely™ M ) ! [Ae prossure, com
d sition/ arid the two extreme temperatures., The“}

. w18 tires havg been omitted (or the . :
i apper lmand 6Ihc: results a\'er:fgt’d. ¢ 'S powever, enough agreement between differen
'N';i. not prefented as a critical ;'umr-r'mry of data,
. ;‘: ' 'P:)limlili‘t’t;o;"g"(a;)c' thc general _d.egrl'f of sufficient o _nearly determine: the degree of |

! " The values of 100C range from 100 down 10 44, ScParatian i ordinary practice. W ..
g o the “_‘:*“ ‘W;’%g(;rlr’:gfm?m1my lz::'l:'f\ SEPARATION BY VERTICAL PARALLEL WALLs AT
-t &. w cases X l*_. S reasE g e N : . B

- “AChapman approximate equation) has been calcu- . Ditrement Thu”’““_"‘?g ot
“lated and Table 111 gives a com isop for nine I the _qﬁtily C is calculated for the expes.

e ases. When' C is not the same in Tables 11 and/ ments of Clusius and Dickel,* values are found
' .10 it Is because in Table 111 the value is for thé "a different order of magnitude. Thus for {g:
Ll ':rnme experiment for which R, had been ml/zv separation of the isotopes of chlorine_100¢ i
" fated, whefgas-far Table Il some attempt”at found 10 be S000. This indicates that their

G 1 dpparatus is acting as an ensemble of 50 units i5

. everaging was made. - .
s c - TanLE MY, Comparison of C and R,.

expreiments with different apparatysTo indicae
that " thermodynamic ‘varighles are at leag -

—_——
—_——=

. “l. Hy ﬂ_‘f. (o1 9 . Ne, H, | Hh. COy I Hi, Ny Na €Oy Hx_u
87
n
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nxidc.htbemllngthwumcn,&e Altheqﬁatiommmmminuiﬁe‘
L/s cancel if assumed equal. It appears that the

height of each equivalent unit was §.8 em,

For the separation of oxygen from air they
wacd apparatus of two léngths - 1 meter and 2.9 m.
The h?h(u of the equivalent units as calculated
from E.q. (7), the nitrogen being treated as .
are 158 and 3.58 cm. ¢ ;d pure
- In the cage of their separation of carbon
dioxide and hydrogen they reported 40 percent
CO: at the hot end and 100 percent 4t the cold
end of a 1-meler tube. Usping the integrated Eq.
7y with a value of C=0.60 i1 is found that even
27 ugits in cascade would produce 9994 percent

C0: at the cold end.
. - .

‘.

INPROVEMENT OF ms'smrl.rz EQuaTions

1] the layets of gas in the vertical thermal
gradient ‘were strictly imthermal, diflering pro-
cpvely by?dT in temperature, the fesulting
«qutions ought Ta be ghout as accurate as the
cilculation dY a rtd]l pressure by similar
m-‘x_}}pds; i.e., within one pervent even for mix-
wres containing carbon dioxide, except when one
emperature is exfremely low. 4

Tbere is no mathematie) difficulty here. The
samgequations also result if we call the tempera-
.wre T—dT, ¥, and THAT at three'successive

’ sefving to bou wo layers and write
- T,"Z:, g —tn/2 etc., E_ﬂ_uaverage valuesin
the lower layer and expressions like T+ d7/2 lor

. the average ig the upper layer. But there is a
pb,im! difhcu ty.‘Fq' it&les not seem probable
‘hat the different species across the plane of

_referegee from the same average distance. Let the

“pecies § vomd Trom below from the average
5,131\& L,where the temperature isT,— L/LdT,
the density sp—L;/L du¢ etc., and come from
swve from the avgrage digtance L, (or L; plus a
&fletentigl—it does not matter) where the tem-
grature is T+L,/LdT, &c. Over the amall
interval the fuhctions cande supposed linear; the

“pantity L Is & grand average distance over all

pects. cte e
By this procedupe all d)e preceding equations
ye obtained again with the sole difiédrence that
wery Yoot molecular wejght m is now divided
Li- { % a - M o )
k4 Eo T

[ 4

. J

e

+

.. . < ' i ’ Cr . L . o . .
- TBI!IQL DIFFUSION OF-GASES o

Bt

best we can do at present is Lo put the quantities

L, equal (or ignore them). If we put them equat I}

to the mean free paths, as calculated for mixtures
from any ordinary values of molecular diameters,
the calculated separations diverge for the most

part worse from the data. This can be seen from

the gquatifm for b'\nary mixturesin the l[orm -

dinxi xy (ma/m)(Ly/Ly)—1 15)
din T 2 xi4(ma/m)(Li/Lo)rs

great when L, ‘Ly=1, particularly when psem; is
large, as in the case of carbon dioxide (2) and
hydrogen (1). But as the ordinary free path of
hydrogen in a 50 percent mixture is about three
times that of carbon dioaide, this is equivalent 10
taking in the dimple equation a threefold greater
ratio of my ‘my, which resulisin a larger calculited
separation. Except in the case of heliom, L, 'Ly
usually exceeds 1 as estimated in this way when
my 'm, is taken to exceed unity.

But in dealing with gas mixtures, particularly
when the identity of the molecule Crossing a
plane is 80 important, the mean free path that
must be used for £, must take account of the

. “persistence of velocity.” In the case of carbon
dioxide and hydrogen, the average distance that
a molecule of carbon dioxide goes before being
much influenced in its progress by collision may
well exceed the corresponding distance_for a
hydrogen molecule. According to the present
body of data‘it appears impossible 1o obtain an
agreement by means even of an arbitrary (but
‘*smooth™) persistence function of the ratios of

. the molecular weights. We may suppose that the

persistence is determined in part by the nature of

“the intermolecular forces, in which case the
ordinary mean free path is useless and the simple

equations obtained above are probably the best

,working eqoations that can be obuained at
present. . - - .

It is of intgrest that Chapman's approximate
Eq. (1) for these two gases can only fit data if the
diameter of carbon dioxide is assumed smaller

than that of bydrogen (akput oné-thirq),_,l//;/,w—-; et

a

Now the right-hand side already comes out t-@'_ﬁ 2

~




I J. GILLESPIE AND 5. BRECK

Tawer. 1. Dewsitres of some solutrony M= moles par liter
of solution.

SMUnow
O.5M in HCT and | M in Fecl,
LA i FeCl

0 S0 in HCOl (made up at 287

1.0060
O8SM 10 HC) (made up ar 187 1.0076

Dxwsivy ay 24*
1.0312
1.0210

In the statemient of this Lict we may under-
stand the heavier compment of a binary minture
to be that one which has the greater density
when pure, or, and 1wrhaps somewhat beter -
we may dofine the heavier component o |y
that one which' mereased the density of 1he
sofution when it 15 added at constant eniperature
and pressure; ia that one of o hinary minture
for which ‘lln- {ml('liun

Jo=nitip am,)y, e
=a,(l—ai0p Ay L,

-

aper (D)

is ;u;.\ili\'r. where pis the densin of the .q\;lulinn_
s the mas of the substanee § and a, is the
cmass of the substanee 7 divided by the total mpss,

The function ix of course positive for thay
component of g binary jdeal Kax minture which
has the gredter moleeylar weight.

~ The sane definition recommaends viself for (he

conaideration of solutions containing more than
two components. For any solution the sum of
the functions for all the components is gero by
Euler's theorem for homogeneous functions of
the zero order, and hence at leas? one component
must be heavy, and at leant one must be light
{exeept for the trivial case ot a point where the
density at constant T and P s & maximum or a
mininum) )

The rule holda for all he experiments that
have conme to our attention, including our own
on binary mistures, that the cold-cnd enrichment
in a hinary liguid or Raseous solution has the
i sign axs the function /.

But from the results here reported for the
ehlorides of inm in 1)) salation it apjwars thai
this rule devs not alw e applv o
mistures

ternary

In the case of forrie chloride some density data
of Kanitz* together with the data for 110 from
the Dutermational Critie Tables indicate that the
fonction £, for ferric ehlonde is Posttive as usial
tthough the cald-end cnrichment was found 1o
he negative), Hie dencitios Are rebitive to water
At 25° and have been compited relativeh gy
water at 4° for Fable 11

AL RKanitz, Zeie { phast Cluemie 22, 36 1x07,
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The Production of Concentrated Carbon (13) by Therma! Diffusion ~ .

"

- Avrrrp O N1ipR AND Jons Bakoti
Yoo psrinent of Phyves, Uneeraady of Minnesota, Minncapoliz, Mirnesola
" ’ . RUIARN ol Juoe Ii, 194D
’ .- ’ 4
A herned dehieron colino 73 Tect o and emploving methand is g uad for the von-
contaton ol U Yooy 48 hour- 308 mthgeons of methane are removed i whnh the e

i

cang s tacnmen A 1T 3 e s Tl posar consutnption i 0490 woatts <y hiters nnute
’ -
Wi dois water el Y oyponditare of 186 tw hir ool cnceey thios resalts g tansport of

3,

143 e af C et 24 hongs Tho mcsnmed cutpug s in poeed agreemiont wich the volie com:
)
patcd treny the thear

't
S
v

ST

v ¥

v

- .

. . ..

I the o detueen me thiead o Clinsins asd that Cyis stall s .

N ! < b ~ \ N = . . g b

Pyckel hast -||7n||| lrll‘IIIHH.]\}nit,l\- e a4 I)l\t\l'[—(1'f"l'2“”-]!- (2)
to preduas nnothon whinhe the € content ~ -
Was i toamal Tawes wtare e a 20 oot column 8 bere n : D and L= tho kngth of the column,
was constr tod i s Lidver cters with whinh it Fable Taives the computed concentiation and
Waas possibh e ohiin o sansfacnes Cho b taf o Lranspert undor Vo is o Ting H'll‘h“‘ﬂj}.’r

. - L oy )
the " theors, of  opwation propeecd T by 2 T2 oot colmom sinnta o the 24 fu_ul one

Tones and Ons vl provion=lv i estizated,
CThe question oo w10 how Ui colunm B ~ub=tinating dn b2 2L s ke
TR TR 'Y tannded e beeome s ful 1 the ‘(4. AN phled b s ph, j,,(-‘)
producrim of e e L Be foh O Geent
had Deen mercased fronm o notuad 11 porecut e
AU lcast 10 times this value I'he Fact that Drass
whing s guade in Toneths of approsimaey 12
fevr amd Ut thore was avalable o vortieal

space of approximatdy 36 foet sieoestedd 1he

whioso, b= auatmosphicies pressifes This wailue is
e tinnes the cnnprrieadly mieasured value? for
e Mot section’ Howas conpated from .
[RIARY I\_.flnllﬂ' N B ’ '

The «onc ntatioms ginven are A1 somenhat

* =it . i o= the v e Dassd npon the assm wion thar
use of o 72400t colunin hrakon mto twe parts. I !

Furri, Jones and Onsagee® have <o thae
A+ orepresents the transport of cas alone the
tube and if Cris the concentration of UV acam
point along the rube and if 1he rate of omoval of

‘_l"‘H4 from (h Lml‘;r end of the cohpun s
Ci¥: one iy wnte v e, .
. Lot

1 dC, . M would minimize difticolties should, (he system
+Cyr.

A}
.. C"""’{(‘".' =€) _‘2/{ dz M havedn small legks. .

o2 Co 1 Con Ol i the vases of the high
cone i dons wonld this disorepaney e serions,
I appeans that oprralion 4l pressure of one
atmosphore with a deain ol 0130 ¢ of CHE gt
< 24 hean= wonld give suthoent coneentration with
Foasonabide ceonofy Morcmer nl\'r.ninu at a

- -
> pressute of om atnospherc or slighthh over

rY - - . - "

] - - 3 ‘ Lo i
where 4 and /1 can Be computed in terms of - Tty Lo tppsvimat s faaraiten Jader g for 7 and
_, various constants for the gas, and the pressure, pran ot o g o O g dits for arvceage G2 =001

tempfratute and*dimensions of ‘the column. ' T~ T
“The solution of (1) subject 10 the condition fa® '

« IVINR
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. W compsred the absorption of the hard y-rays with
. that of annihilation radiation (rom the 3.5-hr. Co®, under
enough Yrad 1o reduce the onization to Jess than eight
percent. The Cd y-tay ix more penetrating. An experiment
with roincidence countef's also showed it to be {or the most
mart a nuclear y-ray. We found evidence for the expected
Auger chetrons fgpm o sample of pure radicactive Cd,
Cdistilled in vacoum, from bombarded sitver. This distitla-
tion Les hniggue should_ find many bses in the field of arti-
ficial radioactivitd-

LETTERS

From the ratio of the numlnes of K and L conversions, a
theory proposed hy one of ust requires a multipule order of
44D 1 for the transition between the two sibver states.
The masored interngd eonversion cocfcient of 98 percent
demands g similar, but not quite o precise value of this
mubtipole order, from the theory of Dancoff and Morrison.*
{f we as~ume the yalue 4 to b correct, and caleulate the
Blctine of 4 905 B level in Ag by means of Weizsicker's
formulac corrected by Hebl and Uhlenheck? 1o inelude

. decay by internal conversion, we obtain an expected value
of 30 <. On thi~ theory, multipole orders of 3and 5 would
wive Nfetiows of alout 102 and 10 e, respectinely.
The agrecment Lfsen these three methaeds of computing
the order indicates further that the tnansition is an chetric
rather than a magnetic 24 pole, so that the <pin difference
betwcen the two states in silver is 4 units. Tioview of the
apgroain@ations made in the theory, the agreement with
respect 10 lildimr..i_:- A most encouraging check.

AVe wish to thaok Professor B O. Lawrence For his
interest in this work, amd the Resarch Corporation for
financial assistancee

; Luis \W. ALvari/
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Kiemeatary Derivation of Therma! Diffusion

Thermal diffusion is wsually thought not amenable to
wation.! It may, then, be of value (o point
@n a method of showing its existence and sign from cle-

»

© % ancotary considerations. Thermal diffusiog show's itaell il a

gnixture of two gascs is kept at a non-umiform temperature.

-~ ' 1t caoses a graflicnt of the partial pressure of either gas

TO .THE EDITOR «

molecules as sthtionary, the ligh: gas a3 composed of
steeams of uniform velocities moving towasd the cold and
bot sides, respectively. The velocity of the stream coming
from the hot side is somewhat greater then the veloctyof
the other stream. Each 1ht molecule with velocky ¥
Joscs its momentum to the heavy molecules at asate Ve
where « is the crom section for complete dissipation of
momentum, Sioce each stream must carry the same
momcen(um per cm? (to make the net particle Alux séro) the
momentum trafldfer per secoad of the streams iy propor-
tional to Ve, The dependence of Ve on the velocity can be
found by a dimensional argument. Let the molecules inter-
act by an inverse sth power repulsion, Fe—K/r. Then
¢ may depend on K, on the mass of the Jight molecule
(atrictly the reduced mass), on V, and on s. From the
dimensions of thrse quantities it is aeen that ¢ must be
proportional 1o (K/m7rien or 1o’ VD, Thus Ve
varies as 1o W60 This pives a foree supporting an excess
of hight component at the hot side for molecules “harder™
than Maswellian molecules (5=5) or at the cold side for
5 <Sand no thermal diffusion for Maxwellian molecules.
A more rigorous treatment would take account of the
mgtion of the heavy moteeules and of the distribution in
yelocitioes of Loth types. Denute by fi(e) and fy(cy) the
velocity distributions of the light and heavy- gases, re-
spectively, nornualized to theis respective particle densities.
INfuie a cross section {or momentum transfer as follows:
0z uniforne stream of partieles of mass u, the reduced mass
~ of the collistons, impinges on a scattering center Fa — K7,
_then the total momentum transferred 1o the scattering
conter is the product of the cross section, o, and the mo-
mentuin et cm? of the stfeam. Then a.s before this cross
swction must vary with the relative velocity as ¥-s/t-v,
The monuntum gained por sccond by the light ‘gas is then

= given by the expression .

S S Vp—p e falede Vdede, : '
- (‘ff{'P!_ " 'II(COI(‘L) | O I(a- llk|“’.

where p. «nd py are the gomenta of the light and heavy
mlecules, réspectively. Cis positive and does ot depend
Lon_the velocities, fifer) and fi(cs) while not Maxwellian
stil) must obwey the relationship ff(c)pde = 0 sintve this ex-
_pression divided by m is the rate of flux of molecules
Hence for 3=5 the term in V drops out and .the integral
vanishes. For harder molecules the collisions of high relative
velocity are more cffective. The collisioas of highest refative
vietocity are predominantly those in which the lighter
molecule is coming from the hotter region and the beavier

two " .

from the colder region. Thos the resulting force issuch asto

support a greater partial pressure of light molecules in the

" anhich is obeerved ws a partial separation of the gascs. | hot part of the gas, and converscly as before for mokecutes

Yo support this partial presure gradient the “panial gas”
a constant force due 1o collisions with
other gas. Hence there must be a con-

softer than s=5. 1t may also b scen frum this argument
* that the cffoct must be proportional to the pexduct of the
two fractional concentrations and to the relalive mass

._‘ tiaual net transler of momeatum from one gas to the other. - g - ore

™o cyaluate this ooe can fiod the

- -.momentum change
aaficred by 8 molprule of type 17

@ “ ' - The ropuds of this may be moat casily underatood by the

. o .

( ing very rough treatmest. Coosider the beavier
Tve e T

"
e
-t
-

- ;,

~ ¢
N
PR

e =

13

2 in x-oollision with a-
7 ggm moleculie and sum over all collisions.

9
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e GCARBON (11) BY THEWMAL DIFFUSIQN -

L4 ! S
From the standpoint of maximum power
} coonomy it would be desirable to use a column
&for which the averape circumference of the
annubur Ras-containing space  varied approxi-
mately invcrsely with the concentration along
e column.t* Sych a column would not be
practical to build so onc world reduce the size
X a number of stiyres h‘n\'ing progressively:
smaller croms sections from top to bottom, Such
Ao arrangement would not give quite the output
tof a continyous large &lunm but would require
considerably less pow er.

The arrangenient wsed in the present mork s
“shown in Fig. 1. Tabk: 11 gives the dimensions
and other pertinent data concerning the several |

¥ osegions. Section 1 is the” origmal  one Lo J
. 4 . e !
sehon 2 was i espension added Tater. The -
combination oprrited at o pressure of 0.8 atmos. e f Sohematic deawine showing arrangenmicot
w, Dhere with {he hot walls 4t 3007 and produced T ebeenens of column. N
Y170 millicrdms of CHy por 28 hours in w hichi the
CY eontent had been inereased b g factor of 6.0 | . i the | e i th
. : Anobstracvon e the brass talee insare ¢
o hathe Bl of 1040 sceggon X was added, the tem- s v . - .
E . < unidireetional How of gasin the tule. The pumyp-
periatures of the hot walls raised Yo approzi- . - i

. . 6 - . ing specd ofseveral ce per second i soffcient 1
magely IROC and the pressuee: 10 1 atmosphere. S G .

I . 50415 s anntun cquilibrinm betwern the column anid
s poctipn 1is connected to the 150080y TesSCryvoir .

. P . . TeSCrvoir.
by means of two teads bf ordinary {-inch copper - T
r - . .
refrigerar ibing, A pump Py ocireylates the
ras.aThis consists mercly 86 an iron evlinder

. s e . .
which moves up and Quwn‘ with 4 peried of
approxmagely o sccond in a biass tulwe sur.
roundgd by solenoid ggauated - a nuttivibrator

@<illatdr. A suall picce of bler dam over a
. : .ia 5 t1om, Aur
TabLy 11, Dla on the@ree sectioms nj-ulum_-.

3 "
|5 o S AN RN
.

hode i the dron exlindir and o similar valve in

Section 238 connceted dirce o section 1 by -
means of o Shart brass tule thength=5 em,
diamcter =18 e Reeauae of the limvited ver-e
tical spuce Jvailahle seetion 3 is st neat 1o 1
and 2 and is connected e 2 by fwo leads of i-inch
copper refrigerator tubing one of which contains i
a pump Py similar to P,

The construction of sections 2 and 3 was”
similar to that of 1 exeept that the steel tubing
constituting the hot walls had sufficient thick-
ness to elimikite the necessity for the extra tubye
used in section 1 1o center the heating wire., —

The methanc is kindly supplied by the Southern R
California Gas Company and is over 99 pereent
pure, Every 48 hours-550 cc of gas“is removed,

. from the bottom by attaching a bulb at the .
" point marked, C between the valves. B is a’
. #mall appendage which contains KOH pellets”
" for the removal of CO;. As_the column is ex-
‘e tremely efficient in separating heavy impuritics™
. =7 dn the methane the output is only approximately .
15 percent methane. The equivalent steady drain
of concentrated mcthane is thus 6.4 mg 'hr.
= The CH/C™ ratio in this is 118 percent. Every 8
{:-J' “days the contents of the upper reservoir are -

st
L G 2
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hiaa A

coneentration to be expected for any’ piven rate C
“and llqu\tm. The €% 00 the reservoic is never ol drain 1 incthane is drawn at g steadv rati:
deplcted b nmsore than IS percent. The average of 6 4 me b the calenlations vield a concen-

T OO rgio i the rewn ot i~ thus 00068 travion of 128 tinee for the whole colunn and
Y Th. AVCLILE ConeantLion produced I the of 30 b o fst Iwa <eetions, as compared
. colinim i< henes: 11 3 tinnes with the ohaeval 113 Gl 2.4, rt‘ﬁ[!fli\)‘l_\'-

ch. mud\,.h- elosing the valyes between column

—

The ¢ Cr G, At the 1o of <vtion 4 g The cateulated valins are thas firtle ‘hi;'{hw =
Do Soonone Foand 2 toccther (. mze the cone than those obtained in P tide, == N
Comration bnoactor of 29 wWhiog e o Do & The discrepaney e tween practice and theory
ICECHITERS ||n|| ot 30 s, condd be duc o number of factors, The rate of

Theso Qg soe e sttcient to ol e Ghage e ot constant ban intormnittent: This
gt g Taah (e < Pataton frcror o 21, st cach 1in o ~itmpl s removed the
;l'l'l the Ganspent 770 Wa the o settens ower end of wonon 3 s divtartead abrapih .
of b ot I oie intaest, howiver, ta e dictirbunae G tnan<agined ||‘|rnlmh the
Fompare th b chanes i comceniation vt sustem A doulin, dne 1o the aetion
\\nh‘ i, I\lllill'l P vheoyonead comsidvr - ot (1 Prtaps thore s 0 Cortain amonn of re-
tions {1y Sepriratien bwror tor the 24 i g, a1 ends ol the voliimn~, a factor w hich

copection e T osiingsod o the Gupiecad wanld e deaver ohe cicorne avarall Length,
VAPt ssTont bongnad . arlicnr 1 Yo)oN {1t he Proviousworh ifw e <luacn that in \H‘li'm‘——_-.
This o \;»lnnlun Was obtdned whon he 1. Pohoye was wovie v b 1o ~ome™ ey -
Potatire diftorene by Pt the walls wos S0 nctoc Tesda e wadl e oo 1l o ihsis i il rent
N theopuorating tetip batirc itbaon e s s on 2 amd 3 b fes | 1L caste fine valpagd
t}uru'f B[O Sheht chang e Nty Ihe | 1ha tation of 3 pocont would alee contribnge 1o
nemeratog il l{n st torn i the denennfnator “th. vepining Ne eonan s beon taken i the
.\hnuhl Dy Mg, or loss indopndonn of 4 Mpesccompiations of the vptnityes - .
Trres while e wes snd iy iy e ey Thic g~ s Luon i continnois s
.~|1~-u||l O RN s A e whone 4 is the win P LT et o b rcguine d et dh
mean tomporatis and A/ he Cemnperainre noatteniion st b Spe o romoning
dittcrence. The value of 2 Aol obained from Cahesanphos o e Baet ey vyl s hm-- thy
with (his u-rrv(lum frony abe chang iy 1 g cas it the top TrowenWd thige T 4on Tkt Gt tha
mlv"h noted in Fable L. The ~ann Npressionincluding wh ahirho bt e Thor s et oy
has Ixch'uq-d 1o estinnate th apected du= Ui o yoor woekh of vmns 1 a0 w e wecdded
for 24.Ls and 21,0, for the ~1(nl)1r ined 1|mll_/— Starting from <coarchl i owenld proboddy e
“rections. The value nf A for |In third ~ection (ader e gl ap the colorm by T ting
was faken 1o be the sime as the/A for the first® standard Gotons ind<oe prarallel The
u-( tion. A correction for llu{(hl( cnecin spacing  thicd section which is S tect o' muny Ve cone
ul) was made in obtaining 2.4.7]. for the sceond venient choice With 1we of phoae wotions
“section, These” estimates assunge that the cor- parallel feeding o hind i \;li|~ \’. ol w-- /0
rection for dstmmetrs Jin the temperature dis> multiplication of 11.2 tine fon ad < et of ¢
lrll)unnn 15 the sume for all three colmmme. Cdridn as nsed abeve, With thiod eetions n
* Without further informiation about the pperation paralhd fording e in i the ih« tor as 4
of the columns, this is probably as good A guess  times. Probabl the . ires ol ined in practicd
| bs anv. The' transport cocflicionts, 7/, as com-  would b sorowhat hss han 1t w the orepicad -

puted from the theoretical expression” of I urry, bovalues as was trae b the case jon ostie Tl

lon('s and Onﬁag(‘r arﬁ\{w llalod for the theee " * I the desicn of amy new calimnn ome would.

lucuo})g. i i/ ) y of coursi. choom: the heating wires of <uch . .-i)r_

It ' 0ot dnfﬁcull to t'umpnu ffon! lhva' that an autotransfornne wonld noq e MNevisany
values dnd a combine formnda similar 1o (2). the  as was the case for NL
" ¥ Because of the nunerone approximations made. it was The authors are imhlvru! w M Rdolph -

::’:::‘m’é:ﬂ m;zm zc‘;'u"::. &A“w’:"‘;‘.‘u:r“" Thomess for his skill in constructing .nd 2. €
Tt R.C )cnu. '\n. Rev. 87, 561 (1940). ". © sembling the columns. :

[S I

Gons Toand 2o ope set- up.”




PIYSICAL REVIEW

On the Theory of Isotope Separation by Thermal Diffusion

W Fugwy,

R Ctank Joxes, Recearch Lakoratory of Physscs,

Harvard Univeraty, Cambredgr, Matsachusells

AND

Lo ODsseir, Department of Chemistry,

Yalr

Universsty, N Haven, Connedty ut

(Recevedd April 6, 1939,

We here develop the theory of the PIecesses ntan appa-
such as that uae| hy
Biower and Bramley In the fitst section we deserite he

prowess of therend) difuson i general,

vatus with two concentric tabes,

and review the
Thearetivalinformation on the subyect In Section T we ot

i the equations for the conved ton and diffusion Prestsses,

Fhobtan an expression {or the wer Transport of aosipple
~orope which is valul for arbitrary e TOSCOE PIEO)ReTE ey
o the gas The assumiption that the vidowy and hewt
cen ety of agas e progeortional ta the alwdare

sovperature s usualty a goeod APPIONTATON i this (e

L enpressian veduces 1o a sunple form In Secton J11

b INTRobUCTroN

FCENTLY Clusius and Dhiekel,! and subee.
quenthy Brewer and Bramlev,® have re-
poorted the results of experimental work on 1 he
copraton of isotopes by thermad diffu<ion, Thetr
esults sugeest “thar this may become an jm.
methad, In this paper
theoretically the problem of applyving 1he Process
of thérmal diffision to isotope separation.
The phenomenon of thermal diffusiig consicia
i the fact that a temperature gradient iy,
nizture of two gases gives rise (o a grodicnt of
the relative concentration of the two constity.
“ents. I the minture as a whole is rest, the
cquilibrium: concentration gradient is cuch tho
" the effect of thermal diffusion is just m,ched In
e opposing effeet of ordinary diffusion, The
eflect s by no means small; in some cases the
cocticient of thermud diffusion muy be as much s
half of the ordinary coeficient.? A similar phe-
nomenon is known in the case of Jiquids, where it
i~ known as the Sorct eficct ;¢ the theoretica)
asplanation of the Soret effect has been stgnally
unsuccessful ¢ -
VK Clusius amd G, Dicket, Naturwiss, 26 546 (1038).
. <1',H}>) K. Brewer and A Branley, Phys. Rev, $8, 5007,
'S Chapman, Phil. Trans A217, 184 (1917),
Ludwig, Wien. Akad. Ber, 20, 539 (18561; Soret, Ann.
Chima. Phys. 22, 293 (1R8] 1.
* - Wereide, Ann, de phyeique 2, 67 (1914); Porter, Trans,

¢ T uadav Sor. 23, 314 (1927) Also ney comment by Chap.
o, Phil Mag. 7, 1 (1929).

ortant disryas

1

wWe

HY

we apply the transport equation to questions of separation
factor and spred of speration. This s done Lot h for the case
of discontinguus nperation, in ahieh the approach to
equilibrium i atlowed 1o reach a certam stage ans] then the
contents of anend reservoir are remorved, and for the case
of operation wih . continuous flow of Ko~ through the tube,
The advantages of the tun methods are caompared. In the
st «ection we apply the fornmlas to g nonerical exampie-
the concentration wf the C Y isatope by the gee -of methane,
n

AN apparatus

of melerate dinensions and power

Consi ption

Noosimple theory can give an aceomnt of
thernat ditosion; neither its existence nor its
sizn can be derived from clementary consider-
ations Tes presence can be nderstend tmly by a
detuiled conaderation of the equations of trne.
Pertin g gas The phenomenon was completedy
Kinetie
theory T it was first discovered theareticatly by
FaskopTin 1911, andl independently by Chapman®

overlooked by the clissic wenkers in

sivovears Later, and st demonstroag e experi-
nentalls Ly Chapman and Dootson® jp 1017,
The theory was fullyv and Clegantly developed
by Enskoc ™ and Chapmuam . The more g easible
treatment of Chapoum s, however, unforiu-
ately of
Chapman’s correvted result ™ muy be Qiown to b
identical with the result of ko, Tr s ahe
result obtained Hy Fockog in his doctiral

ivalid Taecgse aleebriic crrors

dizeer-
tation thatis given in the well- know n teshook of
Miller-Pouillers, '

ES. Chapoan, reference $.

D). Ynshoy, PPhysik Zews 12, 86 and 533 (1917,

¢ Reference 3, pl 118,

*S. Chapman and F. W
a9, fur

Duootson, Phil Mag? 33, 4R
acomplete st of the experimental Yiterature on
thermal thifusion, see T. 1. Ihhe, Phy Gieg [P RERNRLESIN
D Faskoe, Doctoral Diweriation, Upaila, 1917,
publiched! by Ameuist and Wik el

WD Enckog, Arkiv, f. \at \trons el Pk 16, Na
16 (1021).

MS Chaprman and W, Mainsworth, Phil A\l 48, 303
(1924), the preseatation of the value of Dy Ty this [T
dory not become complete until it s staved thay 1he maten
a,, is xymmetricnl.,

WA Gler-Pouillets, Lehsbuch der Phyul, vleventh oli-

- tion, Vol 3, Part 2, p. 110,
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ol fractionation by Clugae and
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Description of apparatus and notation

o - . .
Fhe apparates i SUpposed o conaiag

Twe,
soncenine exlinders, the inner sne Deated g

Leunter one seooled, maunged §y e

SN, With reserviira g the
Commumicating with the Anudas Space Tatw e
e (-')livl(ll-r;, \\'Jll'r!' “Conve tion and dittysicn
she place. The diference of the radii may he
“1pposed sl compared wid vither radivs, o
ot e mav procerd as W the convertion were
i-hing placein a thin flat slah, of breadth B equat
i the mean “eircumferende of the evlinden,
hickness 2 coal 10 the difference of (he racdin,
s length 21, the length of the tuhe,

M addition 1o ahe notation already intrody, v,
weshall use the fllowing : 7y, 7, = absotur
rarare of the outer, inner tyl: AT=T.-71,.
voradial conrdinate, ~w<x<u: 2= coordinate

"ng the tube, ~I<=<; r=specific heat g
MIStANt pressure, in eal. ‘rram-deg.; Q= heat

tep and Lot

tem-

< 0

y

this .

THERA ), DITLUSION 1085
flow, in ¢l

in ¢al

Ml - A= thermed ('nn«lurli\'il_\',
CMetdeg G P = preseure;
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General treatment of the convection and diffu-
sion field )
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alin
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P T e IO sy e
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Convintyacron ol g e oy Petepe ot ge,

hecemes 1t L N TR I T a vy,

while the g I T S wonhd Ve oy

the beavinn g o S er e ey

Doorhe i ot R S T, we

~hali deselog oy m oben o, sy o tHie

CONN e o vl n'.f‘u-l-l'h Jrron e s n e llll"‘.
b derive the fue ey el vrame w g, Lovnedd
the transywns 1 Stecies P alons the tile Hoavine
Coions we then Proceed G-

Welimvine of the

ohtained The e g,
NN et bon 1o diterming the

Appatatus i the Licsc o 1o find What <epararion

chsined, and a1 whog s

factars van e
miNture of Sivon o CRITATion v Ie Ptoulieed
We shall calealate the convection by
temperature distrilanfong e determinged I
Near cach end of 11y tul-,

in Cnte e he

using (he

Con-
duction onty Wher e
Las at a dificreny temperature
temperature dictribution jo of ourse ey
On the hasis of the 15, Ament of (he

one hnds that (3,

COnne g
problem given Gelow lengh
over which this difTeren, o TCMUIS A e i L, .

of the order of
L= a4, 4."«'v;)\‘-7‘,—']',1 T+ 70, ]

where here as jn L3, the temperare dependeny
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quaniitis p. . )\ are evaluated at the average’
i-mmv wud T4+ 75\ 2. Our neglect of these
Fegivnes depe |ul- on the condition 21, &2l which
Mill wsuathy e ~teongly satisfied in’ practice.
The teemt i~ the
Tamellae 1~

Yol flow

ll\ﬂ\lllllil\ AN

]\Mmui since the Reynolds number
o e w1 he roughly
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\We shall base our calculation of the transport
of species t through the tube on the assumption
that the time variation of the concentration ¢,
at each point in the tube is negligible—that is,
“tha the condition is cither stationary or quasi-
stationary. A st wionary condition exists at final’
(‘qulhhrnlm in o closed apparatus, and alko when
of the concentrated
b to equilibrium the
sLationary provided
~ulticentiy The
mu=t Iw larger than
Wiar of 4 densth of wbe in w i
coneentation changes In

there s \‘,umfnrm output
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" proximations, onehas, by (13), a description of

Ci1eyard
_"dﬁ‘;gjxﬂxpd‘

R c ., . P )
. I‘SOTOPE SEPARATION BY TNERMAL DIFFUSION

Sigjee div. J, is zero, the flow of species 1 must
be constant along the tube - that s,
s

hd -

-
= Bf #erdr = constant,
-

-
EPR N .

7|=(R ())f X\ p¢ ,(‘417',
aly,

N " Ty
(dry d2) = (3, '0:)(5,’(’)[‘ \etd T
“ T

L

3 ~= ((71 ,,v'ﬂ:') T = 0

Then'since dey a2 is not ir|(~mir.l!l_\' zero, v, the
total transpore, Must vanish,
By (1A, we |.l\'(’
L]

v Gz, I')=Gi, Ty=0 (tm

ke "b .
stnee o, must vanish at the watls., The Lictor
. b
vy 02y oneach side of (140 cancels, and Spee

the n’n]_\' rrnl.nirﬁn:\" Quantity that can e
function of zis Gz, T, one fnds, oninteerating
.!-_h that (ph Mg can depend on =
an adirive Tunetion of =,

ifentically in s.wne hode
ifentically i N hoAy

onlv throoge)

i L G, )=GiTg (17

, '\\'('1\.“'1' nm\'_‘.m?'(-ling e dey Bz in (3, andd
solving for e, § - ’
. L] .

T = (NN AT DG Ty a1
Then from (18) .:md (Iéi. . ;
e ? o gib'(7'a)56’(T,)=o.

If we now substitute (18) in 8, and diferentinge
“with espect to T, we obtain as the differential
cyation for Gy ] s -

oD ‘,
— (T =g—
(5on) -2

~

(9

N m—

'u_thtyc ifognilary c‘o'pd.ilif)m e

P BT = 6T =G Ty =G (TY=0. a1y

'By_ the cdlculation of this single fenction one
vas, by (18), a cfm !
“ vectionepréicess ; and, thin the limits of our ap-

the transverse diffusion, both thermal and ordi-
rary. By the wee of this same function we can

-

Then, sinee (10 ]H-M'

" (20) -

Qescription of the con-

. : : - ¢ ¢
T 1 M I - . uoL
- : R v .. . "

. ' LS ¢
proceed to obtain an expression for*the trimpdﬂ .
P L1

vertical |.

of a single isotope along the tube.
According to (15) and (18) the net
-transport of species 1 is N e
' e -

T)/ANT- 433

Ll rl’ )
r\=(B/0" f’ (d/dT)(s DG

g

N

‘.

L

Partial integration and substitution from {13y

a

and (21 lead to the expression

(23)

]
-

° lr[= llr.r,—-Kar,/’Q:, e
where 11 and K are positive constants-defined 1»‘)‘
3 . Ty . . ’ "}
RNV (r‘.’ (aDu AT)YG(T)IT (1)
o ~ .

amd
7

LUy D NGG T, (28)
Ct o

LR

.

We hoove semoned i b under the integsal

\igtl ul M heciuwe o IERTEIES any <lipln Iv with

1))y,

T We conld not conader o) s colistang in
howeter, becase it is ouly the dight variation of
¢y whuh prevents this integral from vanishing.
I Ug 280 the veem ey, wives the transport
of SRcies 1 Cinwel by the evistinde, doe (o
theemal dittusion, of iransverse How of this
j.\ntup‘;‘.
cofumen ef cas mecing upaoard divver from that in
the volumn snoving dow nvgard. At the Tn--,;kinnin;
of the process, when a0, d2=0, this is the only
cause of transporte Afier a tonginudinal concen-
tration gradient has been bhuilt up. the convection
currents Tead 1o ALertain amount of remiying (f
the gas, reprosented by the term - Kac, az.
There is. however, another rentining effect which
is not included in Eq. (23), because in replacing

which niukes the conventeation in the

12) by (12 we omitted the term which corree- - v

spondd to diffusion alomg the tube. Since the
convection velocity will be hm;n!l,,hoﬁﬁ»'r, the
longitudinal diffiusion will be. practically, inde-
pendent of it. If we ignore the convection
velocity, the transport of species
ohgirudinal diffysion is -

-

. "ld:;f.xnafl/all.' ) R .""
d ' ! ' . (26)
Ki=(B/Q)] WoDdT. " _—
‘ BN 4/ T -

B

o

...

s

— .
T
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—

T _The total lra‘nsporl of gpecies 1 is obtained by ‘](AT/T.')-‘SOT'(AT)“I(AT)‘/6—7‘:1.7'. )
adding £y to the r, given by (23). . e !

A OTINTAT T
rISTAAT/2TI/ ((2h+ D@+ o
The treatment so far has been general, in the . * : -

,//"J I, ¥
2 sense, thatythe quantitics D. \ and n might have . : X(u‘i-S)P e
A arbitrary temperature d<-!n-|1dm\re. 1f, how-’ ) -1+(15/3.5.7)(AT/2T)*+,.'._ T
ever, the mean free path vanes as the (m=U1)th =, . : .
* power of lhﬂrm[wn\lurv, and if ¢, is independent S(T/T) has the value P"il)' for AT=0, .““.d the f
*of T. the following quantities should all be” value 5,4 for the extreme case T/Ty=0,andBes " T
; constant between these two values for intermediate cases. '
. - For Ty=2T,, [=1016, while for Ty=3T,, t
T O T 6D T (N DN ST 1.039. - '
s . : A From (25) and (29), we have ;
< " Then Q0) ‘“‘:““““" A=12K=(634) S I
* dTHVT 1T ~dG dT) o x‘.(anD)/(pgu")!!(-\T/'T). @31 .

-

Bpecializati@ to the Maxwellian case )

'
ao—

q
4

. = — 7 N0 (T ) @20y and Qo pives

' e The peneral solution of 127 has been obtained, K K= 1'“.“”" AT T+ T . _‘
-, and there .npix-.lrs 1o be no ar o the eplicit - x| Dn (a?egdATHHY, (32
evaluation oof 2/ and K in thix manoer: The ) :
o formulaew uld be ankward in practice, however,
- because of heavy cancellation, of terms, The
¥ writers have worked o the cases of n=1 (hard
sphvr\s\';\ud.n =1 (Masuellian molecules), Sinee.
e the case n=] ix much simplee than any other,
.o and cofrespapds Laicly well to the temprrature ) A
_ dependence of the propertics of most gases, we Phen we find . LT ‘
"¢ " suggest that the formulas for this case be used o G= - el AN BT N B
prftticg This simplification is particutarly well Xio- At EE R TR S I O
* . justified beeause our knowledge of the all- S R AR Yl Tl -
important factor a itsell ig so inexact, . Ho= AN T 3¢
e - ®¥For a =1, integration of (27) and application Xithe—=nt NIRRT F LI IO
- Tofl2n) 1% S ’ . S g e lort S— 304 2T ]
N X ) .- . . - X it \l».1-5-7»3-1‘.0-‘-7-9)+'"\.
2L 0= = 1(Nge) Q3D TV VS TR R RN L
B A = 102 ] N K = ONp T (637D '
- ® - . X(])"Tﬁ(ll-z:)"érl'f'] 1)- (IR) o ¢ "xl“,:_"’“-llh*_‘l\ U+"’)'\5"‘)’!'{').
B - e ‘! (r)m 1 - (02 825)1+ (146, 2475 )r* . '
_:;_ﬂd (6)J\ca_xm~s_ s . .' ’ _ s . oL "+(¢, 15)A4 (1377428,
Y 1 ¢ 13“).\7'/20._ T (29) 0= ol(l) = (2044, 7425)) - 777 '

¥ _sthere in this and all following formulae, p. Do 4" HwD) QDI =D
and T are (o be evaluated at T=§(Ts+Th). U In some cases the ‘ratio (32) will be quite
. {28) And (29) arc veedin (4), the result i small, 5o that (23) gives ‘essentially the total
AT v transport. For example, with fixed dimensions o

The corresponding relations for a g.\a'oﬂns'uiliux of hard
spheres follow. . . -

We introduce the Ablueviations
t=T", 1;- T, t.=T3h -
peada=h tht ), .
srsM—temt =0 T

-

.
L
. s,

.. . I
"~H e |fw*s?agB)/(90V)] (AT/TIT/T), (0) apparatue this will be true provided the preafure
R - R . . is sufficiently high ((p/D) = {pressure)"), For the
I > ‘ nhofti{nplicity "e‘shall procqed\\'ithm(d

PO

'
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our considerations on the assumption that this
condition (X,/K)<1, is satisfied. In cases where
this is not true, it is dnlv necessary to replace 4 in

the following by

T A=A/ N+ (KK} (33)

L ]
I11. SEPARATION FacTOR AND SPEED
» OF OPERATION

Discontinuous ogeration

\Ve shal! now apply the results we have just
derived to the case of discontinuous operation, by
which is meant that one waits until the upper
teservoir has approached its equilibrium concen-
tration, and then removes all of its contents, and
sarts over again, It is assumed that the reservoir
i~ closed off from the 1ube during the removal of
the gas; otherwise the miving with gas drawn in

» from the tube would muke it impossible to obtain
the concentrations and amounts calealated here.

Our” fundamental equation for these calvu-
Lations is that for the toral transport of species
up the tube. By (23) and (31) we have

n=lin(l ) = (24)- (o Vdz)]. o (34)

At the final equilibrium, when the concen.
iration in the top reservoir has ceased to increase,
1, =0, and the solution of (RIZETS

. a@ =} +uanh VICEENIR

o
whivre g5 is determined by the condition that the
* 1otal quantity of species 1 is conserved. If we set
’ .

(36)

(35)

v a(=D=at o=,
we find for lhg equilibrium separation Jactor:
ey 37)
“ If «, ilu l.mall with respect to unity, this becomes

. CE/gheen (38)

)\'h'en v, is not zero, but has some constant
value<—that is, before the fina! equilibrium has
Yeen-established—the solution of (34) is

F'd

o c'.Su)-ll_HstiQhM(-—h)_l.
| = 4yA). .
Onder the bobndary conditions ¢,(~Dwcy,

L L T

(39)

vhere

ai(D=¢,' we have now

tn'-l'—(q/l)_tq tanh 2gA)—q,}/ -
X [gstanh 2941 -g|, (40)
where gy =1 —2¢,¢, ’
In practice, it will be advantageous to make
the lower reservoir sufficiently large that ¢,* does
not drop appreciably during the separation, since
if it should drop, one would not realize all of the
separation factor. If the reservoir is sufhiciently
large, then, ¢;* is also the initial concentration of
species 1. The constancy of ;" may often be
secured more conveniently by maintaining a
continuous Aow through the bottom reservoir.
The quantity @ois then constant and equal to the
initial value of ¢. and the equation for the time
rate of change of ¢, is

(dey' dD = vy 'mi,. (41)

Let £(x.) be the time for the coneentration of the
1O Teservoir to rise from its initial value 0, to
some required value o, The integral of (41) may
then be expressed as :

HEWES m,f dey) ry (42)
gy |.

The integral must be done numerically  or
graphically, by calvulating o' from (40) for
several values of 1.

In many cases, however, a close approximation
can be used, which eliminates the necessity of
numerical integration. We note that

all=e))=a,(1 = 26,) + (') = (¢~ ¢y)? (43)

where ¢," is arbitrary. If «, differs from ¢* by
only a small amount, say not more than 0.2 or
0.3, one can select a value of ¢’ and 2 constant
to replace the last term in (43) in such a way
that the resulting linear expression is a good .
approximation to ¢,(1-¢,) throughout the range

in question. If in (34) the quantity ¢,(1~c¢,) is
replaced by such a linear approximation, then
(34) and (41) can be integrated explicitly, and
the formula for ¢! so obtained represents a
simple exponential approach to equilibrium,
which can be characterised by a relaxation time.
mgivqiuna\ndulwaywdnaibe the speed
of operation for cases in which a linear approxi-
mation to (43) is valid. In the case that the
C e . .

—
»




FLRKY, JONES AND ONSAGERKR

Sange of cois Luger than ahont 0.3, the approach  Continuous operation
o rqmliinium' i~ of 0Coore complicated e, -
“whith can not e chunoeriasd even APProvd-
Jiateh by orelaation nime

So far we have been discussing operation with
no total transport of pas through the tube.
I sueh operation the concentrated material s
ubtained by waiting until the .lppr(uch to
((|m||1|m||u has reached a certain stage, and they
Jremoving the contents of the top reservorr,
There b also available & contingous type (j{
operation, e which a sl seady flow of gas s

A snitalde value for s the mean value of
JO0f and gt the present case. the constant
Maloe inserted i place of ey -0 will e
e mothe delivnion time then by the

providure vuthned, we find o relavanon thne

Soime fon o) -0t o g iee 1 ¢V Us e :
il duer _ u'lnn\;'wl from the top of the appargtus, so thg
there ds 0 small total transport of gas along

vy, I(‘:’.u A I DL A the tulae !
N _ - Ihe conver tion tield with \\huh\u-hl\c hu-n
Mhend aee ~several speoiad cases of G wonth ), ulatinge, whieh is desorileed by the funetion
uu'_ngiunim;' Tt s ahwan s spndl comipuared o LG provides no total tansport along the tulwe,
uniiy . .o, Beconse of the lineany of the hvdrodynamiceg)
Cps. treon, owever we can superpose on the
comvection field oo unidinectional velociny hield

. ] . . N
If the wparnpm fora, which = 0 e conesponding o veny smaft additional pressure

cases s mndR Lo e than one, wae wee e the ditterence Simce e alditiona! vebweity fietd s

:n-I.n\.nliul\’lilm- I~ \H<{|\ propor g v e amdirecnonal end o vies onhe very stighey

~cffatien Lt vt~ the tabes we can onn all discotsion of

Mo howgvers we e wonking in the nnddle the detnls ot the new teld aad 1he |h~n||-ut|un
n‘g:nn where poth % amd a are approviimately of o acress e tabe s we simphe \\Illl‘ for the

“ene-halt, A - tansport of spedies T adoe vo the new held e
» . n . .
© [ ] . w1l /] - by of the mMean value of o at the pnn
czAd e 1 il -~
. R -z ! : P oanon alons the e and e total 1, I|l\|l»H
L -
e @ . s T ol e -
\\lulr W lis_.ll\\.n~n'!nw Lo it b cas The Jonad peamepony of lnuuﬂl i~ then
o ; A .
»

T, sase

. !‘fuu, 11 |,|—.|"“ oy N ‘.‘Tl‘.- y ’ -
- LI /I:-._-)\|[1|ll" g 8

-

-

L4 ~ . . .
Sl mas Ipediaps b possilde i proactiae o

. D . where 5y s new constant glong the titwe, The
®teduce the cqiliboium e 1o <one extent b -

) S L R . quuntites Hoand A o <0l e takea as defined
N ot ruitalde vananion of the presswme durning

. : .
. opemtiof® Frons (300 and (30 we see tha 47
P mud K ovaey, mespectinely, as e secomd and
. \ A = unn!nuunn el watl o e 1 tice e entre nnl\
2o Yhourth pow & of 1he pressure. Acgording to & .
. S " P i W es<enli- - - -
p ““J”’ Pt of species 1 s detegmined exs M AN before we introdiee 1= 12K and as )
ﬁ"\' Ly 21 duning the cagly past of the separgtion © . : _
i . convemant dimensionless parameter, .
prn(‘n\d whilg dc, @z is still smadl. Thus a high __— .
N «
(mm-urc'al lhle-g_u\mn;, increases the tfansport. - ’ L. o ow=s 1 : W, .
» dnorder 1ogeach a larke concentration gradicnt
’"‘ 'ﬁmﬂ\. the pgssure must be reducd  again.
) ﬁ) proper punipalatign a considerable advan.
. Amge migh W@ obtained. Such o« procedure, o
‘ever, Meets a considerable technical difh-

by a0 ned G310 sices witheddtainable spreeds
llf [LRE i, the \|'|m|li|\ i the superposed

We shall teear omly the pquilibrium caee~w here
1t has acconstant value, 1, Thene s 11\“:"\ aue,
in treating the approach 1o the new equilibrium,
“tecanse the apparaius pn-\um iy would e

- operatdd with r=0 unib ¢ rome (o Tthe vl
‘ﬂllﬁ since the volume of the upper reservuoir 4 v ue
intended  for continuons operation. Then we

:‘ “would have lupr varied along with the pressure A o
" Z3n oler 1o prevent du'k-s o a gr'cal deal of "“‘? e e=soand therefore
d“‘“ 'h"“‘l" R . . n=nlh, At U

‘e
PRIy . ‘. -
i 'f;,o X
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of valuea of perhaps 0.3 to. 07 we can replnce
€,¢cs by i and find

Thf dnﬂrrenlml equatign for ¢, :s.non

J-’fl +“+")f1"’llv} ‘de, = 2Ads, (S1)

. hosts solation is 2 : . . (6, ~¢*) (1 ‘r“")ﬂ'
When —cy) rom:lins fairly smnll. we can _
replice 6,0 by 1 —¢, in (48), and obtain . 4

(=c®)/(=—g) (e "0 2 = m) /(1 =n). (5.7’,-/"'

L 3 '(n(‘)—~.|+"+$ tanh ¢"A(z -z, ], (52)

w here i Py
L ¢ =10 4n)y—dm, 10, )
Iilimin.uiv:g :,: Iy These, thtee formutis correspond  precisely 1o .
,I,,,F‘,\“. find (45), (46) and (47), respectively, and involve _—""'. .}
(] . . just the same linéar lppr0\|nnhun- . 1 "' .
nnl\ 2y U =@ =GN = Comtinuous operation s the only pr.lrnml/ "

& ..
thee condition 7,(=1) =,°,

[ LR

[ aandv\ L1 ] i‘.‘im“iﬂ""‘q 4 3

..'0~

(53)

t(l-t-"‘l — N TR

W .
his rather formidable

» oo

cqguanion gives the im-

portant welation between v and . 11 must be
<olved inany given case Ty suceeasive APproN-
mations. The ]mnl(lgu may sty be based
on e assumprion T n s smal), sinee only for
. ||| values of i can o large separation factor
be yealized, If. Sor examples one replaces ¢ In
unity in the lefs mumber, and by the Yaear
approvinuation T4mt1 = 2 in the right member,
e U"I.l&ll\ RN hr:‘ |ppru\|m||1nn

'(g +1| - _’S,l‘...) tanh 217~ (a, —l'l“):

TX e~ ) (B tanh L1120t (34)
The quagtity & can g be caleubated with the
,dut ntl for », and (jj) can then be solved for
" ahe second approvimation 7, and s on,
pmh ular proadun cgpverges well of ¢, s
_-n.lll byt faits rnllnl\ ife20 €

Féc cases in ‘juh thy r.m;,c of values of ¢,
m be covered i®small, one can simplify the

‘*mnmw by repl.mng ey in (48) by a linear
.uprmsmn ip ey just as"was done in obtaining

: gqu. (#44)—~47) for discontinuous operation. In

ﬂn‘ present _case thn.reilllmg formula ‘ﬂm

garamelers of the linear expression in @ more

*mphcalgd way th®n does (44), Simple formutas

-gan )r iverf, however, for each of the three

" pepeeit

1,

Ty mm fddy smyl lhroughout%

we can

;,fphcec.c: by afln (¢8), and, runemﬁennp

be small, w.obtam .t
». } ’7 g{ﬁ‘/tl.) E(‘-ul*.,)-:

e

e

This

uxmpondmg to (45)-47). When

.;(ss)'
'Fnr‘('a-l‘wiuch c.bthru'houthu!nnp

method if'we wish to uwe several stapes in seriés,
and  the Apparilus seems
distipetly wish

us of multi-stage
desirable f we
large factor farge speed of
production We have seen that if 6,% s small,
the quantity v =7 11 must be small compared 1o
unity v stage, the transport js
ctlectively imited by the quantity e bt —c9),
i~ the concentration at the bottom uf
m question, If, A s small,

see that in onder 1o obtain A transport u|l|.|l to
that of a Wer stage, 17 must be Lirger for the

~Mparation with

Therefore, in

whore ¢,

the e, e now

Nrst ~tage.

Lirge K, and then the separation waill be snm!l

1o combine a

A Large I/, however, means cither a

or a large B0 A u)mprnmm would probably be —=

used in practice.
The mulii-~tage
consist of aseries of vertical tabex; the tirst tube
should 1w of Lirge size
change  of subequent
should by made progressively smuller.

apparatus should  therefore

and will produce a small

coneentration ; tubes

Comparison of the two types of opcratxon in
siffgle-stage apparatus -

In the case of smalt ¢, formulas (435) and (35)
make possible a simple direct comparison of the
separations obtained by the two methods at a
given effective speed, provided (hat 447 is large
enouph so that ¢7¢4! can e neglected compared
to unity. £q. (55) can be written .

- '(l'/(,'jE]o/(]+g)|¢¢.{1.
I'hefe ”

(38)

0= x- ‘c“"n(llfv)r‘”

- a yarameter mvrmly proportional to the
speed, and ! is the equilibrium separation
given hy (38) whach may alan be obtained by

9
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]

retting n =0, or 8- . In discontinuous operation

the quantity which carresponds 1o 7 is m,/t,,

where fais the time allowed for the ﬁ:‘p‘\m!inn

to approach (th!mum before the reservoir is

¢ mpm d Then if wé put

.
0 =1t (me*?)

. . 7

cual values-of 8 and A correspond to equal

celtectinge of  production the two

lmlhmls According 1o q. (431, the exponential

(59°)

\ll'l'li\ ‘i.\

. Appruu‘h 1o u]lllhlnrmm now  Lakes essentially

the form

Sil=c Vet {0

(a. ™
;\l )
I'he

given etfe tive

that
fiaction of the

expresaons 38 gnd 6D show at a

~]N‘l‘nl A4oerealer

. cquihbrium separgrion o can Tee obtained by

"
u=ing di~continuoy- aperation,

the
o

131 the case of oy near onehalfo we canntroduee
paranieicrs [
) ;,;=|4.1A'n» i, =T

R NITTA T 3 B

«
gl values of g which correspond 1o equal

etfective speeds. The cquitibrigm concentration
dn;lvn nee, from |\h- with #=0is A7; and the
realize uulumrmnn ditferences are, by (56)
and (46, - v

3 : =M 7 L= t ]

- o

-
Afor continnou@peration, and

[GX})

e Jn.éc.’)zﬁl-r~'.')-'.-il.

When Jess than a fraction 14— %) of the ¢qui-

Nibrium concentraggn diffcrence 15 1o be ob-

tpined. the continuous method works slightly

o better; othervise, the discontinuocus is better,

In the remainhhg case, o4 nearly equal 1o one,

. it is nOt possible to introduce a single parameter

\

® nmp]c comparison of the two methods s s possitile..

Ks nr.u!ermng the speed in goch a way that a

Rough compdBition from (475 and (S7) shows
that when Jarge ratios 1—¢c%,/(1-«,) are re-
qulrvd conunuous oprration 1: decidedly faster.
» 'Y o

Genenl remarks on speed of operation

. ' 1n the dase of discontinuous operation, the
quanmy whch ‘mr*c!enzcs the speed of opera-
. gon i terms of the mass of the element with a
o given concentration, ‘divided by the time re-
qumed to ’rqduce it, is n.j/lruhere J is the

. O
b

JONES

.a ﬁ\:‘d

AND ONSAGER

fraction of the molecular weight conLnbuud by “%-
the efement in question. This characteristic
guantity varies as Ff. In the continuous case,

_thr corresponding quantity is rf, which, for a

given concentration, also varies as Hf. Thus in_
either case the variation of the npt:d ;.
given by .

selif = (uPp'aBf/a)(AT/T)., —(6A) |

Since Al must have a given value, and since
Day'p, we ser from (31) that w must vary as

wa (alin o). TL(6S)
I we aceept (3, a varies as f, and we have the
signifcant relation . .

sa f2I0 B I BAT T

To get a large speed at the specitied concen-
tration, it i evident that one should choose as
light a molecule as possiblie, because of the
strong dependonce on fThe Lictor B can™be”
increased by nsing a bocer tutee, or several tubes
in pargllel Since under ardinary canditions p s
pmoportinnal 1o the pressure, the speed varies as -
the of the pressure and the
threefomths power of the length, provided that *
IR

LAY

SquATe Tool as
Ih« Jifarenee of the radiy, W readjusted for
(hn. ow o amd length in

with 163, '

Pressle accordaneg

It is assumed in the argument keadiog to f66.

that the rano Ko K ois veey small compared

with uniny, since otherwise
Justified i ousing (3,
the meddiped Calue (330,

we should not be =

and should use instéad

The poner expended becanse of conduction
by (29) -

s P =2B 4180 =418/RAT w (67
inwatts, and, by (633, 5 proportionad tnl:leAT; -
the viscosity and heat conductivity are inde-
pendgnt of the pressure. Thus <o far as con- .
duction is concerned, the speed and power are

Just proportional 1o one another, as long as a

fixed concentration ditference is demanded, and
temperature difference 18 used. The
advantage of a rather large 3T is ev ident ; It

there is little use in going to extreme te mperas T

tures, since it s the ratio of A7 (0 the mean
temperature that is involved. and also since the

‘radxanon loss will be 1arge if Ty is made very -

- ——
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high. The power consumption due to radiation
“between the walls is independent of w, and for
nontransparent 4 ubes is given by

P.=2BU-R){1 =Ry

xX(1- R.R:)""_(Tl‘—rn‘). (68)

¢ where R, and Ry are the average reflection
covthicients of the walls of the tubes, and ¢=8.7
X110 " watt em?-deg 4.

Effects of asymmetry; general constructional
*  considerations

e shall here consider brieflv the effect of
asypumetry in the Due 1o non-
niiformity of heaging or cooling of the tubes,
it is possible that the temperature NV vary
atound the tube, Thic witd give rise to an addi-
sendd convection,  characteriacd by a shght
upnsard flow at the hotter purt of the annulos,
wid "o corresponding downward  flow at the
colder part. For simplicity, we may suppose that
Coe temperature feld s sl independent of <,

.'l[)').lf"l'l].\.

Yut vames with the azimuthal angle, o, an the
3 v
- :n]vlr m._nmn}: ® -
L]

« I'=fing {6‘:1', 25 con o,

(69)

One ean then show that the cssential effect s 1o
P intredunee” another @ontribution 1o the transpary
v by =K odrey dz, where

K, K=T3158 16205057 375, (70)

previded that 3w Since K, K must e kept
tfh o small, Eq. (70) imposes rather strong
“renditions on the toleralile asvmmetry of the
womperature. IncCthe apparatus 1o be discuswed
in i next section, X, would hecome equal o
N for 6T =5°, . '

AJack f centering of the tubes would have a
on=iderable direct cﬂ'ct on performance, be.
v~ M and K depend on the third and seventh
pers of w. The asymmetry in temperature
brought about by the @k of centering would,
if appreciable, he still more harmful. To minimize
it. zovdd conduction is essential. Thus metal tubes
ate 10 bhe preferred on several counts: for
t cision in constructien, high conductivity, and
Lig.e reflection’ coeficient to reduce radjation
fims. e

The importance of &mmﬂry makes it evident
that Jadvantages in speed and concentration

should be sought by increases in length rather
than by the ‘'wse of high ‘pressures and small
values of w. Atsa, both for accuracy of construc-
tion and because of the factor B in (70), it is
better to use several tubes
thanlarge tubes. - . w -
To avoid lack of symmetry in the temperature
distribution, the water cooling must be efficient
and the heating of the inner tube must be very
uniform. Heating by condensation of a vapor
rather than by resistance wire seems advisable.

IV. A NeMERICAL ExasmpLg: C9

In order to iNlustrate the application of our |
formulas we shall apply them to the design of a
single-stage apparatus for (he concentration of
C2 Here we are concerned with the concentra-
tion of a heary isotope at the bottom of the tube.

Our equation for A4 and all our equations

concerned with the spred of operation apply

here with no change exeept the replacement of
cr by o A formal justification of this rule is
provided by inspection of the fundamental
equations (23) and (48). In these equations we
must isterchange 7 and ¢; change the sign of
the term in 404, sinee this term changes sign in
rewriting (104 for species 2; and change the signs
of the v gnd 1’ terms, because we are now
concerned with trancport down the tube. When
this i done the equations are unchanged in
form excepr for 4 change in sign of the term in
@ az. This is proper, since the concentration s
now tiereasing dow nward instead of upward.

We take as the specitications of our apparatus ;
Length of tube, 21=800 cm; B=2rf=4r:
T=300°K; Ty= 600°K : pressure, 1 atmosphere ;
and equilibrium concentration, 1,=0.30. Since
the carbon isotope of mass 13 occurs with a
natural abundince'® of one part in about 92,
and therefore ¢,*=0.0108, it follows at once
from (37) that we must have e4'=39.3, or
A=0.0023/cm.

The required value of the difference in radii,
2w, and the speed of operation are now determi-
nate, onge we have selected the molecule which
is to carry the carbon.

Our general discussion of the speed shows

¥ Vaughan, Williams and Iuc, Phys. Rev. 46, 327(A) .
(1934), :

>

in paraffel rat]'ncr/,_,
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|h.n determined 1y (nnduxnon is of the order
of 0.4 cm, and thus may ce rtainly be neglected,
The calculations  given for C0 e

< based onathe value a=0.0106 which is piven hy
]‘q (3). This equation is, hawe wver, only L oroueh
vuess, albeit the e may
found by experiment that he
I and A for any (@ en asare Gistine th differean

above

best one possilife bre

actual values of

Trom those calcubated from values of o given by
cALgerhaps by ag much asafacror 2, e practice,
therefore, i will be neressany 1o do - sone pre-
It s
the
apparats at a fnrf\ hivh pressure. For inar. mnee,

of a

Pressure of two anmosphicres instead of one will

e Jminary work to Aind the acrual valae of .

sucgested that this be done by ranning

i the sevamiple just discusaed, (he use

mubaply 77 by 4. thf divide .1y approsimuateh
£« that the Myfieation Lactor will $
but o will also D phe cquiibrium nime

©osnatl,
I oonee
. |u§ medasures ' asa fontion of the time,
will obthin the v hues of hoth 11 and |,|lhu|
e will vicld the glue of o, by (300, or ]»5 131,

3

onge

", 1oty

PHN ST VT

(32) and (33). We may now (\tnpnlale A to.
the desired vatue by changing the pressure , since
we know that 1 A and K, K vary, renpectively,
as the second, invera: second, and inverse fourth
power of the pressure.

l';clmmnr\ adjustments such as those )uqt
descritied will of Course e necessary only io the
first work on each ks, Once the correct vilue of
knoun experiment, _odr equations
make it to desipn apparatus |
which will perform i acce prable agreement \\llh

a i from

should possible
Speatications, -
One of us 11O ) is indelited (o Dr. G. Akerlof
and Dr. G\ King of the Chemistry Depart-
ad o De, COC Furnas of the Chemical-
Eagineering Depariment of Ve University for
construction and °
Ldwratory and in-
The otbers W H TV and R.C. )
are gratcful o Professor KT Bainbridge and
M R Shen of (he Phy~ie~ Pepartment of
Harvard University for interesting and helpful

g

mntg,

advice inregard vo Teasible

operanion of appanius on
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Calculatton of the Second Virial Coefﬁcxent of Helium Gas for the

¢ .

]‘owest Measured Temperature

!nx\ Grorree
1’!/&1' ment of Mathematios, Bro, ®lyn Collrgr, Rrovkivn, RIS BT

(R(ul\ui April 3, 1039,

\ RECE NT, :rlu‘u. an explicit .md calculable
\pﬂ‘»mn haq been dvrived I'ur the second
“viriaf covflicient lta monatomic L.na This i s the
I ﬁ mflu- equation of stard, L
- - BU/RT =V +B(T) T CT); 14 8
.:nd. *assuming the Einstein-Bose gtatistics, is
giwn' l)y the dormula, -
s )
"Nt
’:n - ——T'—féﬂi." p (’4‘“ &
: .. ‘ Xexp [A’I l(”’ 9/0'13

. N
. .-m.-m-}:aﬂ)f &, -
.

] -; ‘ xemt~x'b.'/a.'w-./a.) W

o)
ll-r

h and G, EU
. Phvar

;'na 4, QIS (1937); -
168 (193 ,

'. MI

) .
Here, N =17 'mk T, 5,35 the pha~e found from the
wave equation for the relative motion of two
radially interacting molecules,

. w4 '
et QIR T
dp’ . A . p’ .

kt(n, 1) are the discrete states for two such

molecules, a, is the Bohr radius, and 1" is/ the
interaction potential betweeri the two molecules,

-Extensive calculations have recently  been
made with formula (1) by \lassey and Buckiag.
the inert gases, in parnticular, helium.
*These cnlculanom are based on the use of the
. Slater-Kitkwood potential for the calculation of

YH.S. W. Mansey, and K. A. Bnrkm;,ham, Proc. Rov.
Soc 168, .‘!8([9.‘8) -« . . . .
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