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M. M>

the mounts of

solution under identic 1 conditions.

The apparatusThe proceAire

was started.

as a quick -weans

Thvwhich passed glass
the

thus humidified by passing over a

four foot length of water.

The nickel

The chanter was

the solution poured out and the cha.iber

Analyses were then

*«e

/

fror» Solution- of V and FlutonSun
i

Sweeping of Fiaalot Gases

darrJt and H. . inkelstein

humidifier wss filled with
i

inlet and outlet tubes and the gas was

The nickel collecting wire was charged

hen wwwrything had been ohecced Che apparatus

S6o KW.

• • • •

read to 4 of an ounce.

•A*Is.

Ciwon in CC-«31O,p.55) was used, 

and the results in fable 111.

in the experiments was as followsi

i.hen the berbardsnt was finished the apparatus ares 

about two hours before it was reooved from the thirble. 

oolloetli< wire was renewed ana dissolved in nitric sold, 

detached free the alualnur. tiba

rinsed with nitric add which was added to the solution.

was asuenbled as shown 3c >igs. La and lb. As soon as the solution was 

attached to the alvninun tube the flow

negatively to 1CCC volts, 

triable at CI*-3 for a one-hour bombardment at 

allowed to cool for
was lowered into tlx

Two experiment* have been perloreed to ojmpars 

fission ,^es swept cut of solution with Uoae aeounta swept out of Pu 

The charred wire technique (references 

The essential data are given in Table 11

added to the chamber and the cJnmber

of Hjj was started. The gauge need to measure the pres»ure on the graphite 

dine had a rar.-e of G-«0 ovaoee graduated in 1 ounces and could easily he

• The rotameter, in conjunction with the pressure

tad previously been calibrated against the wet-teat meter and served 

of date rallying the flow rate st any time during the oovree 

of the wxoarlmsnta. The humidifier was a four foot long horlsontal gins a 

tube 46 » in diameter fitted on both ends with rubber rtoppers through 
* 

load tubes about i inch fren the circrWerenoo.

distilled water to just below the level of



sane.

for th* plutonim esperinent an entirely nm

The

Several corrections oust be nads on th~ results. The activity on

In the uranium experlnart the

porlnent. and tn» graphite disc au cwt from the sane bar of graphite, 

ctui-'.bers ware thus as nearly identioal as possible.

In the plutonitss ^xperiaexrt the depleted uranlua wee used be -jive 

approximately the sane uranium concentration as In the uranlua oxperismirt.

the wire due to spray aust be subtracted.

thus waking the viscosity and density of the two -solutions approxira tely the

The seas appear* tvs ms used in both oxperiaenta with the exception 

of the solution chamber.

The percentage of 

various fission chains with gaseous seeders swept out of solution under 

these identical oonditions are given in Table Ill.

ohanber was rede to the asset dinonalons of that used in the uranlua ox-

<
2*

on these solutions according to the standard analytical procedures

(Ba. Sr - LtUC-«S-166j Zr, CL - CDC #<» Mo. MUC-4.-H-S40 aodlflodf Co. CL -

CDC f4 modifiedj I - unpublished procedure)

Table I

Pa Experiment

CoMartter. cf Conditions in the C smd Pu -a;wrlntnU

s-^tx—

■t

13 • 0 o« c . -13.0 o.o.

1.14 gc* (ordinary U)

77 75

300 .TV SOO IK

1 hour 1 hour

1.0 fyu(35OO« 1 
doplited U)

_______6 «Sg__________
3e« cc/ain.
30 oss.

338 co/nia.
23 oas.

■ .

of Solution

uei^ht of U in Solution

Bombardnent tine

'-.oicht of Pu in Solution 

-tverage flow rate
Oauge pressure
Rotasmter reading

Pile power

I

••
••

••

• •

1
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vlth

The total

whare

Uharo

•* * • • • * • :• I:

• total activity ewept oat of solution.

t a tin* of contact with the wire (tine of traversing the IO ft. 
all—irw— co Hooting tube').

A S 0.63i/l^ of (aiaota parant.

The estlaatod errors la Table 111 are only to indicate the spread

of the different analyses free th-> tvsrtga.

Anal,*sis of the decay curves Into the various cor.pcnants gave the 

lenesm half—Uvea for the various isotopes within experimental error.

with S 

a corroot!on Bust

arwunt of spray was detorained by spectrographic uranlun analysis of the 

. wire solution and found to bo lO"4^ whioh is nocllclblo. In the plutonius 

cxj> rinent however the spray was 2.5 * 1O~* 4 as dote rained by CX - count

ing. which io not negligible for those ehaixis which are swept out to a snail 

extent. Jorocnrer, in the plutonius experiment 4< of any activity la doe to 

the uranium in the SfiOOtl depleted uranium oxide, whtoh means that « of the 

total axaount (i.e.. the anount on the wire plus the amount retwining la the 

solution) of any given activity oust bo subtracted fr» the total anount 

. found, and if the chain io swept out to a large extent then the 4.< swt be 

split up according to the distribution as de to rained by the u ran lies experl- 

t.art. Also, in the case of the dd a In Ba, < parent gas. XaiS9 

41 see) and 66d Sr. (parent gas. Sr8® Mth e IBS sec) 

bo made for ttwt amount of activity which escaped deposition ox the wire by 

virtue of the long half-lives of the gases sinoe a ras atom spent on the 

average only 287 eon. la contact with the wire lx. the taranlum experiment and 

ZvMI sec. in contact with the wire in the plutoulixa experiment.

mount swept out can bo oaloul#tod frat tta time spent in contact with the 

wire and tha known anount collected according to the Ing fort—lai

A • A„ (1 - e~K* )

« activity oolloctod on wire.
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poesible the counts

therefore to th* actual half-1 if»
MS

rx>aacte.

per cent of

the re-
«*ne apparatus »ni under the 

amduclbilit; of ti<e date.

neoeeeary to n poet the eanerlr*enta in the 

oorx» conditions In order to determine

:
*

Middle of the
per nlnuto were read free. the traph at a point near the 

carve which would be relatively insensitive to the elope and 

obtained by subtraction of other 

The es Una toe of the precision indicate tint the data 

To eat lam to the

*

•re good.
accuracy of the flrur>s f.i*en for the

* chain swept out it would bo
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Sample Cpa «t time giw»nj Cham. Yield Aliquot Komarfca
n33 hr Ce

*

2 x: *1.28 X Ipy

a > 1 1.011 x IO’7
23.1<

3.288 x IO*« x 11 .

-a

10-*

t

I
jr

»

♦ x lO"*j 2. 91
«• ~ - "1 'r -

f

3.5
IO.
9.2
9.2

1200
1378

1
!

* 18'*1 | 
~~T I

19. 3/SC. 1
21.2/36.4

.< swept 
out

Cp» are eivuo at tiae of 
pp*. and are oorreotad far la 
_J ••If-.'-eorpttoc, rwtor

9.7/24.6
4.7/14.6
9.5/24.6
9.8/24.6

*

«-l~
W-2

!4.6 
jMUO 
4.6 
4.8

0.047J

Tabla tl.

Cranium Experiment

x 10®

13.9/83.8
11. b. S~ 
e.a/is.s - 
11.9/38.b

440
810
430
450
Cpm 6/9

s-l 
a»g 
S—3 
S-4

Cpm let ehaif 
6/2 00,00 
10,300 
4900 
9700 
9520 “

3-1
5-2

* «

w-1
»-2________
W-3_________
n-4 
12. 6 "d Ba ‘

OS* ppt at 
6/9 ll(4b 
S-l

W-l ""
W-2 
86 d Sr

4*era<w
Ua(QH>j 
rruwth and r * * * 

to correct a to total 
•wept out a .9868

2 x 1O-3|_____________
* C&.91 x IQ*

16.1/36,4
X2» V38. 1

l*9*n*/ to oorraet w to total 
•Mounts swept out s 0.683

• * e
*• " «•
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• *
: •••• • e
••••••• •

••••••• • •
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n ms (

13.8 d Pr daughter eotivlty euhtraetr* 
fn» all s eurvae. 20 d tail aub- 
traotod from w curves.

fl59 at 13t00 
4603 " 13ilO 
*243 " J3»S9 
3074 - 14 ,03 
Cj» 1st shelf 
8/18 
5827
S907 “
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Chemical yield is ore rail yield for 
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1.2X ±Q.2S3.S h T

O.*9t 0.0411 h T 0.27 ±0.^3I
a 14.61 0.76.7 h Sr i.»t u.8

O. IS 10.00217 h Zr •J.OS4 fO. 003

0.-M7 tO.OO*33 h Co 3.038 tO. X«

23.1 tO.812.S A Ba 11.0 tC. 3

51.a t 0.7BS <1 Sr 63.8 X 1.0

1.75 2 0.128 d Ce 0.7 tt.OJ

0.362 t 0.002 O

1st 3 22 ±2»

■
57 h to 0.044 tC -11

M

Cnaln
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4Knaly*«d 
For

»

300 d 3e
(17 a er)

30 y Sr
(60 h Y.)
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S9.1 ♦ X.6 
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Addendum >

>**hoae

conraunljatioi)

•bout half

j

• • • •• • •
• • •• • • • •

• • • •• • • • a
• • • e o* eo • a a

; : ••
— 7 a n:

1 nei r I 1 
or. a ng; wlti which a ~lvin

iwnt out of U solution 
> -a«e» are 

and 1.3* Xe14^.

l n

mraaurenenta tt.f.Physix.
- - 1—__1 _ _j» .on fragments T 

can bo produced v. ,h different er/ic*, 
a riven na*i nay be p.-educed wit,, ciffwre-.

. 120, ISO 
b ( p.4bv J“ Ives 
pair of i® '-*«•

■

X-i* "** * er* *** ”’1* a***r*‘inln< those percentages would ‘be

*”f rp™**tlon of and laferencea iron these Experlneptal Ho&uxtf 
••illlaa ittab inson

solutions of t’ and ,*» increases with the average life trf the res. as is to 
be expected. But the average life of the ~as cannot be tlte sole determining 
factor (as.unin- fixed flow-rate. bubbl. alse. etc.), as is shown by the 
roxlowln; facts i

• (92) qa2. The percentages of ..ha Ur and 2.£a i r r 
differ by a factor of fire, al though the half-lives of trvse 
almost exactly equal. The same is true of 1.4s Xei4i an< i.„. 
pairs of gases shoe similar behavior In sweeping from pu solution.

The explanation of those facts is to bo sought in the variation of 
fission yield with atomic number. «.e here direct exporir -ut«;l evidence of 
the deper ianoo of chain fission yield on chain nember for several casest

1. .’foagland and -ugarnan ^C-33J7) showed that in tne chain

<2m Te«3^«.7h x lQ<y) Co133—stable Ba**

about Oft of the total Xe13fi is Produced Independently of l13S

2. Goldstein. Schuman, and aublnson (CV-2929) found that in th ctsln
«wU7a short) Cs*4* —»l«m 3al<l—»3.6h Lal<l-*28 1 0e14^steble jv14*
about 20J of the Co14* is produced independently of the at14^.

3. L.h. Qlendenin st Clinton has recently found (orlvu4# 
that in the chain

tv ». jel.^h Kx®3
4, 2&» So JJ5—*2.4h 8r83-^ X 

stable Krsa
the Sr®3 is produced independently of the Se®'.

There is also sorts indirect avidonco for the <*enende.-.oe of fission 
xcs1/inuwb*'r Croa J**ntsohke’s measurements it.f.Riyslh. li 
155 (194-}J of V.e energy assoc lated with incividual fix — ■"--------- -------------
These SlMor that a given >alr of maaees 
and one explanation of this is that 
atoralc numbers. f l__ ____ r_l_, _ ______ ______
(1U42)^ ltd experiments al liar to wantschke’s.

Fla Gersfeld, dwnsan. and lentner (Zelt. .•’hvslk.

an idea of the wide variations in 
can bo produced In fission.

♦



In Znble IV is really

x 100

•aid abo rt, th** rstlo

can be written

R S

Since the 
total gas yield x

; ote the ^triklr.g 
and ?u differ oy .. - -------- ( .wr—

ibis nay be of :-o ■* 
of radJ oaotive gases from

• . ' »tx
determine the 1-iterea inf.

total yield in - u
total yield in

knowledge of fission yields ii
provisional) re can C.------ —-----

T>,e results of the calculation are 
fact that although in mo«t o»ses t__ 

yt-ld from Pu. 

importance in the problem of the evaluation <_--------
homogeneous piles*

yields of th. different atonic numb-re AA vi? *• yl.ld of a
in HC. 2, when. - six-^bereu chain is tndipende. t
?iv.tt u-«-. i^i tfc/Xin; at a funot er o" **A
yields of all the isotopes that *.re . . 3 ».* mako the ruason-
ls calculated simply from fig. 2 and of lndepon< #nt yield vs. ZA Is
able assisnption that in Pn ri nt with respect to the corrosr ond'n<
shifted one atomic nurber unit to the rit(ht with respeev 
curve for V fission.

% swept out” listed 
‘ ‘ fraction rwept out

total chain yield

1. « 00 ...nou « airror-no-r 
In U md du. The <a®r.ner «hicb this dirrw-v 

the particular position that ^-he s*s aswber

t swept out of 
According t<

„ , of a ttr rimentai coniicions, depends only
and the -fraction . for * * diffcrcnccu in percent of a given m
on the average life of t. e • Ascribed to ti< difference*; 1 1 tbe
swept out of U and Tu solutions is to bo <hich differs .oe In

r^r."4

u and PU solutions can bo opectedyl«lds

SX %/h*
rx v;» it.e?rzx,1. «...«.»...n.

tie opposite is true for mas* number 144.

According to what ha« bven

zi swspt out of U solution 
h. « / swept out of Pu solution

total gas yield in U * 
total gas yield in Pu

From the data in table fV and our 
pu (the fission yields in f*u are 1 
ratiO total ;as yield in 0

total gas yield in Pu

__ - rn . ,iven 1*’- Table V • 
the tier.ion yields in V

yield from U is in most eases

■
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:•: ./• : iL jj
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141
143
144

■vl.la Aa
vl.3» Xe
•nort Xa

5 
e
6

• f *« •
• • ••

3V 
90 

<91) 
(W) 

9S 
97 
99

139
140

MM «•«• 
33h Co 

27 6d Ce(l'm Pr)

4 
e 
e 
8
3
4

ta>

3
4

I

i

* a

ir.5± 1.5 
s>* a 
5.9 *0.9
I. 2110.26

o.os 
0.034 *.005 
0.044*0.011 
30.8 * 1. 5
II. 0 t 0.6 
0.7* 3.<X 
O. 09b* .002

O

a « ••

♦ ’» a a •
• • « • •

5SC »r 
<w30y SHOO* T) 

9.7b Sr 
S.M Y 
» m v 
!?> Xr 
67h Mo 
eera 3a 
1Z.M hc.

51.8 TO .7 
29* 3 
14.8 ± 0.7 
2.77* 0.1 
0.49t 0.04 
0.16 * . A>2

O 
39.1* i.e 
23.1*0 8 
1.7bt 5.1 
0.047 t .004 
.0522 .002

M.6n Kr 
abort nr 

9.3a Ir 
2.3« Xr 
•r *• - V «- «■«* a a. «•* • «^a

a.iorb Ar 
ahori Hj 

41a xa 
16a "t»
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1®

Total InKGas

*

»

total ^as >iwld in O 
total ga. yield in Pu

4.6 
(8.2) 

A. 9 
8.1 
a 
e

0.87
1.87
1.56
2.28
1.8
4.41

0 
i.za 
2.1
2.8
1.24 
CO

2.42
2.78
3.84
2.52 
1.7ft 
4.2

END]
?rr.. r? —rr h?'!. ■" —-

yiald (4)

1.83
(2.4)
2.72

(4.0
8.16

(8.0

2.8m Kx®9 
(short) Hr90 
9.3. 2r<«> 
2.8. Mr<»2) 
2.2. Kr<®fiJ 
(•hart) Ar®7 
(abort) Hr" 
41a ao13® 
18. >ei4° 
-*r 1.4a XeX<1

1.3a A«143 
(short) X®14<

. Table V

Yield. taken fro. the latest eorapilatioa. CV-CDC jfrfi
••

Yields taken Mostly fro. CN~Z799. The 14C yield is fro» recent un
published work. The yields lx; parenthr.l. are eat Lae to* from a yiald »». 
naan curvw. »ith the exception of the 99 and 140 onalxu , all thee* 
yields any t-e 13* hi^h.
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