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The abundanoe

of plutonium which wero

Re.irradiated at
(c16or CX2A)

Ro.irradiated at
(CWIB)

M

4.Mi

ulYc14sslFlED

~
ABSTRACT

ratio l?u’@/Pu239

made at different

Clinton

Hanford

has been measured for four samplea

levels of neutron irradiation

(1018~’ooo8)x 10’+

(6051~ 0020)x 10”3

(2.96~ 0.06)x 10-3

(lc.n: 0002)x 10-2

A high background appeared at every mass position between 235 cind2$X)in the sample

re=irradiated at Clinton but this background beoatuenegligible after a period of

distillation of the sample. The sourc$eof this extraneous material has been shown

to be in the sample rather than in the speotrometero A nass 2&0 the nain portion

of whioh is not isotopio with plutonium9 hao been observed (in CWIB)~ and a peak

2!@016 \
corresponding to (~) has been observed.. The mass number of the main isotope

of plutonium has been identified as 23$3by superimposingthe seoond.order plutoniun

Rpcw&’utn over the first-order

*O ~6
oontxiining1 percent Pu

determined packing fraction of

tin speatrum. The ohemioal atomic

been calculated to be 23$?.05 using

+(40&? + 200) ?t 10040

weight of plutonium

an experimentally
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ISOTOPIC CONSTITUTION OF Plutonium II

Sinoe the first report of this series wa8

have been made in the plutonium mass spectrometer.

written (LA-168)

A oeaxial system

several change8

of nichrome

shields (shown in Fig. 1) has been devised to prevent the distillation of plutonium

metal onto the pyrex insulators of the souroeO This ohange has extended the operation

time between oleaninga of the insulators from about 1 hour to approximately 15 hourso

Two plates of the aouroe~ the o~se between them. the electron oolleator

and the filament slit, formerly made of oopper to resist corrosion by ~6 in the
.

uranium hexafluoride analysis f~r whioh the instrumentwas designed. were replaced .

by niohrome parts. This was done to permit outgassing of all the metal #arts of

1
the source by heating them inductively to %900° C in a separate vacuum system. In

one of the uopper plates which was r~placedo the plutonium atoms entered the ionizing

region through a oiroular hole in the center of the plate~ The nown50hrome plate

has a rectangular hole {1/2” x 3/16”)whose shape is approxhnat.alythe same as that

of tho

to the

in the

easier

ionizing eleotron beams thus presenting a larger area of the eleotron b-

stream of plutonium atoms from the furnaco (Fig. 1). The tungsten filament

microfurnaoe was replaoed by a tantalum filament. *hue xmikingthe furnmes

to

will tend

fabrioatoo

Molten plutonium

to oreep up over

and it will then evaporate

wets tantahama so that during a run. the plutonium

the mouth of the tantalum oruoible and down the outside

in all directions from all the outside surfaoe of tho

oruoible~ Since thi8 evaporation from the outside of the oruoible does not eon=

tribute to the beam of atoms whioQ.
::
::*9

%9
:

●e
●*:

●°0: :
● 9**

● ● ::
● 9 ●

● ☛☛ ● *O
● ●**

●
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share of the sample is
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Was%odo b spite of the system of.shieldsz this added evaporation aut8 down the

life of the.insulatorsbetween cleanings~ so it was considered desirable to

crucibles that were not wet by molten plutonium

LipkinO Perlman~ SpindelD and Wei88man have shown that a tantalum
.,

prepare

orucible

oan be lined with zirconium nitride. and that this lining i8 not wet by molten

plutonium. Accordingly, using their technique8 tantalum oruoibles were prepared

with linings of ZrN. “The steps in the preparation of these linings are;

-6
10 Zlroonium metal is melted in the uruoible ina vacuum of about 10 mm.

20 The crucible Is then heated to 1700 to 1725° C!inan atmosphere of about 5

cm of puriinhd nitrogenO This nitrogen is oiroula%ed over the heated oruoiblo

the rate of change of nitrogen preesure beoome8 very S10W9 indicating that the

tolo

until

re-

aotion has been nearly completed (The final reaction with tantalum is very slow.)

30 The eruoible is than outgassedat 1700to 1725° C until the pressure in the

.6
8ystem is pumped down to -5 x 10 mm. Under these oondition8 the tantalum nitride

is decomposed whereas the zirconium nitride is not.

ina

same

of h

To test a cruoible prepared in this way. 309mg of plutonium were plaoed

cruoible and were evaporated into the spectrometer at a rate whiah gave the

beam intensity as is normally used. Zn tantalum cruoibbea a rate of evaporation

mg/hr had been observed. This sample gave the same beam intensity for 10 hourso

It io interesting to note that the ratio between the outside area of the cruoible

aud the area @f the open and is 12070

The uae of these lined cruoib~es has two advantages First. an analysig

(M?Ibe made on as little as 2 mg IOfsample. and seconds the time of operation of

the tube between Qleanings of the insulators has be= further increased to about

100 hours. In the case of severalc~ns:c+iv? s:uscpebetweenwhioh the insulators

u::”
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and souroe are not obanedo there is evidenoe

Metal from one sample which did not reach the

*O indiaate a small ‘memory effect”.

ionizing eleotron beam but which was

deposited on some of the niohrome Partao may later re-==evaporatebeoause of heat

radiated from the miorofurnace~ and thus contribute to a later sampleO Even though

the magnitudo of this effeot is thought to be quite mall the source was cleaned

“previouslyto running the following samples.
.

Glinton Re.irradiated Sample (designatedby Segrese groupas C.16; by Dodsonas CX2A)

208

Los

A sample of plutonium~ re.irradiated at Clinton with a flux. nvto of

x 1018(IA-256,Deutsoh) was examined. It had been purified and reduoed at

Alwnoso

CurveAO Figs. 2 and 30 $sa record of an early run on this sample and it

As remarkable in

239 te above 290

exeeption of the

several respects. -Peaks may be uounted at every mass position from

with the high-mass peaks being less pronounoed~ and with the

peaks explained below, all are of nearly the same hetght. On

several mn8 a few peaks appeared below mass position 239. Thepeak at mass 255

239 016+ persisted throughout the entire run; the 255 peak re.mrresponding to Pu

mained even after the min 239 peak had disappeared because of the sampleQ8 running

out. This peak has been further oonfirmed as the oxide. by the observation in the

239 018+
mrreot ratioe of a peak at 257 corresponding to 1% . This was done after

the Iow-backgroundpeaks had disappeared with oontinuod distillation (see below).

The peak heights at the 27& and 27&mss positions bear a Z-to=l ratio to each

other end aro respectively 35 and 37 units above -bhe

239~135+and~239 c137?.a6 due to Pu

The remaining peaks~ which are unaccounted

propertieuo They are all of nearly the same height..

239 poeitiona

for. have the

and the ratio

identifying them

following

of this height

● ● ✎☛✎●*D● ●
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of the 239 peak deoreases rapidly with the of distillation Curve BO

ahow6 a run after most of those peaks had disappeared. During this

the ~240/~239 ab~d~n~~ ratio ~~crea.ed from 309.00” x 10-6 to a

=96
oonstant value of 1160 x 10 0 The average deviation from the mean of a series of

20 measurements of thts ratio after the hckground peaks lwd disappeared~ was

-6 -6
only -1-lb x 10 0 The indioated error of + 80 x 10 represents the Uneertaiu

background due to the tail of the 239 peak contributing at the 40 position and the

possible residual background related to the extraneous peake.

Tho resolution of the two peaks that was attained is shown in Figs. 4

and 58 these being runs which were mde after the extraneous peaks had disappeared

with oontinuod distillation~ The oolleotew slit WM opened about 1/3the width of

the beam in Fig. band it was open about 1/10 the width in FigO 5. In order to

240
improve the preoiut.onof tho measurements of the Pu /Pu239 abundarioeratio. it

i8 neeess~.ry to eliminate the background due to this extraneous matefial. An

extensive investigation@desoribed

source of these peakso

3% seem! olearo from the

shwa a peak. that this extraneous

these ions suggest hydrocarbons or

belcyrohas been oarried out to asoertain the

faot,that over a wide range every ma8s position

material mU8~ be hydrogeneoua~ The masses of

other organio material. but it seem6 ~~ike~y

that any such substanoe oould persist for any length of time in oontaot with molten

plutonium in a oruoible at 1200°C0 To explain this persistenoeo one must assume

that, if ‘thematerial comes from the sample. i% is distilled out during the firs%

few seconds that the furnace is heated and that it then oondenses on adj~oent plates

of the aouroeo Radiation of heat from the furnace heats theme plates to some

extent so that the material tQa$ %~sO~~t$&~lytW.ndensed may
● 9●**:*,0●

●0 ●0: ●:0 ●0:●:. ●*

● ..:::!● 000
● ●,@ ● ●

● ● ●***
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then distill into the

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



●
0

●
9

*....
.

●
.*

●
9

*
●

●
---

●
0

...
●

6**
●

*m
●

b
●*
O

-b
●

00

T
E

F
%

il%
.

I ~
::p

●;,.b
+

●
0

‘;:p,:
,.

:—
}_;.

+
{.::

●
!

●
0

0
.
O
?
.a+

T
!.

.,.
..J

.

----
.

..-

.
::

.,.

..
.
’

.
..

,
.
..

1
“>
:..:.’

:,
-..

-.—
.

.,.
...

.
.,

,

T
-1

—
-...

.._-
“-1

L.
—

..
-

----

4 ~..l..
1
,
.

–1
..::...:“+

””
,j:;:.

‘“:”
,:-

.:-;---
...

-1’.‘“):
>
:
”
:
’

.
. .
;
;

‘;-
‘f,

.-
—

....-—
4.

:.
i::,i

J:!,....
,4..

.
.?.

.:+

--

4
“
~
-

.

.,.’

—
—

IL

E ,........:1
,..’
__—

.
..

.

,,,
:,—

-

-7-m
.4~
!

“.

–t_

I
:W

-+.
~-

....
●

●
O

*

:
-~

-...;.:
i
“
?

.
.
’

t
-

-
-
-
-

-
-

.
-
G

.
—

~
.
.
.
:
:
:

.
,
;...

“
-

.
}

:

x

_
-

.
.
.
.
.
.
.

.
.

..
.

—
-
-
L

-
-
-
-
-

:
.!
,
.
:

.
.

-
.
.

-
l

,
.
”
’

‘
“

—
-
.

,
.
.
.

..
.
.

.
.
.
.

.
.

..-
.-..-.

-i=
,.

-4>
.—

--
.

--k .....
....1
“

_l-ii-.uLL-
—

-.—
.

_+
.;:.

.3- .-.
% ....-_ -44-4+-l-

+F
+j-+-&

-+\

%
kld

+
...+

.-..,:-,::-
.1

.1
.
.

.:——

T
’ I

.
,—‘“F

l—
.>

.:.
.

_
T

_
.

-
.

“.

!.-
:,:::

,’_j
........

+24
,.~;..
/::..-

1.
--.4—
.7

.:.,,.

.
i
f
~
~
.

-
.
—,,
.

.

,
..

I
1.

1.
;.

,,
~-+ ....

.

_.-&
.

.,.
.

—

.
.

.
.

.
.

.
.

:
:-+

—
.:

f

,:.

,..
.

.

.,.

‘.,
::
‘
—.,
.

,“‘
.

—
—
-
-
.
.
..

..
..
>

.
.
..

-
+

,
.

..
.

%
=
=,
,
.
.
.

1- —
___
.

,..,,
,...

,...

+ .,.,
-.---

.
’
.

.
..
..

.,$
.,.

.
.

.

+ —
.. ..’.

t -—
—

-

.-,
*&

:.”
.“.

.
—

-:
.
“
:
”
”

-
-
...

:
..”..

*

+:
—

=’.L
..::

...
.,

.’:
...

..-
——...

.:
....

.,,
...

....
...

...
...

...
.*

:.
.
6
.
6

.-1----

-1 .:.-, ,::
,0:k

l:;

-i-

,.$
-

4
.

.-.
..

.
..+

●a.~
:+

+
,

●
*

●**

..
1..1

—
“
-

+1 .;.
..... :.:

H
-

.1.
---,

.
..

.
.

.

--$-
.!:

$kj
;0

.
.
”~

.
-
.

i.,
.
.
;
.

Z
.si

.-,

-=
&.“

-+
+

..-
1

I
1

1
1
’

1.1...

::’’:.4
4= ...:
.,..

:.”

“-h
.+ .—

—

:1.

.
-:

—
.

.,.
‘..

.
.,.

.
.

X
IIi

:.
“-’

“
R

.
.!

,,

.
.

.
.

.
.

.
.

.

—
--

-.—
—

.-+.
..7

.
.

:::.”’”.
.

...
,,’

.-.

.
.

.
---

{

.,.
:--

-:’..”

,.—
-

—,!---

.=
.

-.:—

,.

-
k

;
2
“ 1.

q -.
-—

.—
..

.—
.-

.
-.

,!
.
1
:

.
.7.

—
.

J_:
—

..,:..:

I
,
,
:

-
..

—
,.

1
1

1
$

.

“F
—

.
—

—
.

-..

4 .-,-+
..&

::“
“
:
.

.
.

--
-
-

,
.Y

..
=.,

_
—

-:
:-

-I,
I
:
.
:II:

.t,
i:::\

:.,il
;.

-;.
>>

:.::
y

-]:
:1::: ]:.::1..

.,,. “:;:
7--

k--””” .E
-
:

..
.

.
.
-..

.
.
8
.

....
.
,

,.1
—

..7.
.,.

:..
-

---
,..

.
.
.
.

.
.
.

.
.

.
.

.
.
.

4
.

h
—

. .
.

.
.

-.

.

.
.
1
-
.
:
1
”“1””’.1::’

-
-=2

.i.
v

‘;”

.-—
.

......
...

.,.....
..4,

.
.

.
.

.
.

.

.
.

:.-

..
1

1.:
.1.

I
.81

.1
--t+

-
.“:!::”;

+
,-

i
j
“

.
.”,,+...

+
4--I+
4’-%

T
..

..
.

.1.1
1.

i..

35E
E

I%
.

.
./,.:::

—
--

:
.

.
.

.

.
-.

,:.
”

“.’
~

—
-

.. ’
:
..

.
.
.

....-
.

.
,
..

.
-

:
.

,
.

—
..
.
-.
—
-

:
.
.
:
:..

.
,
.

.
,
.. -
-

l+
:

+
+

-
.—

-.,:.
,:

—
—

‘.
“.

—
.

-

-t
‘- ...,_.
.

.—
.-—-j

:,;:
“.~

,
,.

3
“u

.,
(c

E
.iil

-,=
,.....:,-..
,.-
.......,..,I .-..

-“c
—

—
._,

.:
...

.,
a

:
.-,
.
!.
:
.

.
.
-
,
,
+$

..:.{.:,
......

(w
*

w
w

.-.-
::>:’.

—
.

::.

—

id.&
L-Ll-E

-
-
x
’
T
F
-
-
’
t
7
7
t
T
-

++
-
-
’
>

I
.. :”””
T

-

,

i= .....
.....

.,
.!!;;

,,
-.”

,:
..-

-,.:;
.!

t- :’
.

.
.

.
.

.:
“:.

.
.

.
.

.
.

E
4-+

+
44+

-R
““.

.

-.,.
.

,.
.

Ia.A
l.!..:-.:

I
..

I..
I

,-y7--p+
+

-q--

t
,:

-—
-

I
!
’
L
3
-
C
2
-
L

1..

‘.-t”‘
--—

—
-

:...
-

.i-+
1+

-k.-%
!

.—-.

Z ........-~.,..—.!..L
..

.
.

.
.

.

-..
P

.
...!

.
.

.
-,,

.

.
.

.
.

.
.

,

.-.

..
1...

.,
.,.,.,

i-i%
”+

::-1.::
X

J
:31 ......

,—
. A.

“x):.
l

●
0

l:..,.l
::”

t
R

.
d

Q
:J!i.~

_
..-.

i---r~’
-
+
+

In
,

.J
--

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



.’.,

;
:..,

.!

.
.

.
.

.
.
-.

,“”

‘1’
—

.—.-—
-.

-;-[-T
W

.+
—

!-.
/-

-
..:.y.+

--

“1’

L

-’
,.

i:.
:

1’
,...__

..
r“’
I

./
!.

i
:“1’

—
..\_..;-.._.

~_
___

+
,;.

,\
::.

-..:.
1-”:,:

?
i

~’
1--’”

~...,-
“.

5$

:
_:

.j
_

1-
——-——

l..
”.:_.

-1”:1
‘

.
.
..-

...
..-.

.

---

t

.
..F---

:
.-

..-—-.

-’1
‘“i

j

I
.1.

I
-

..
i,,

1

/
—-L

_.:_
.J—

___

1’
;

‘
-;”

..!.
..1.

l..
.,

-1
“-’”-”

.+-,
.-1-

_:
”!”,
.._

—-—-

-;..:.[:
i..

T
.-’;:;4

.,[
.-

p
g

,11

..-!
.
.....*

U...
.

_-!.
~

.
----

..
..

..~.:d
!.-

..
.
.
..

.
..

,k,~
~’--:

~---

_+
fzL+.._.

I
--

;---
...

–..,.--
,,

~...::..
.

‘([,

.-’:
;

;l~’

.—’-
-+

.-
-

+--
,

j--

;_,
.
.
.
..

L.-

.~-.

II:

“1
““

r

j
...-

‘-”
“;,

.
.----

..
--L.-..

I
‘

-~:-
:.,

.
...

r-_
.:

,.
..

’-

!

-4

!
.
.

.
.
.-.

..—--
.—.

,
—.

!,
.+

‘-
;:

t

.
.

“’
‘1

:
-

.!.
.

--
i
>
-?
.
.
.

-
:
.

-
.
,

!
.
’

.
.—-
-
-

.
_
-
:

—
-

-
.
.
l
.:
—

L
.
+
.
—
,

1
:

[’”’

1
&

,
j
_
:

i
~

-
~1-1.1

..+4-L
..::.7,

G;!._
I

I
;

.
;
“
:

i
“

I
i

:
I
“
;

“
’
-
:
K
’

.
.-
-
—..i

.
.
-
.
-
-
—
-

‘~.
-
.
.
,

-
-
-
”
?””
-
”
.
-
i
.
-
”
-

I
t

i
~

~
.
.
~
:
.

!
J
:
.
_
.

!
F
._
.
:
.
I

“
~

“
,
;
”
:~
-

.
,
l
._–
-
.
–

,
,

1
...

.
.
.
1
.
~
.
.
-

‘
-
-
s
.
-
i
:.-
.
-
;
-
-
-
’

“
–
l
.
.
:
;
.
.
.
-
.

-
-
-..:
~
:
~
:
’
.
:
”

“
“
:

&
,
f
:
’
-
~
,

‘
1
.
:
:
’

—
..
—:
7

.
.-
-
-
-
-
-
-

~
$

;
‘
-
–
i
!

.
i

.
:
.
;

.
.
..
1
.
.
-

t

;
-
~
.
;
_
,:
:
.

.
,

+
.
“
.

I
1
“

\
.
,.
,

“
’
,
‘
.
.“
“

.
_J
_
_
.
-
.

.
-
J
.
.
.q
_
_J
_
_
J
.

-
-

1
.
.
—
!
-
-

;
T

G

l
.
,

~
2,

;.‘“J_1
....-

.
,

....
“.

.—
----

,--+.,-
;.

:.,
-..-..:

1.
“1

; “1
;.

.-—
.

—___.—.,..
I

‘.
.

. ...!..,,..___
;

:;”:I;Y
J

,.
-fi-~!a.

S.
1

>
a

●
mb

1
a

●
::

●●
✚

●
☛

●’
.
.

●
e

*
:__

●
O

,
●

*
?

p

--—
.

●
*O

●
,.***

●
●

.
i.

,..
....-.

.
.

.
.

.
.“..,...,

●
o

●
00

●
**

.m
.

B
,{.

&
-.;

..;.
.-----.,

..00
‘oo~

‘=
:...

..f’..
.

i:.
i

-2::_..+

,.
.!

- :1 !
‘
“
.
,
,~

:’”
..”

...

—.___
—.

___
,.

.:{,:
,-

‘.:/:
.,.

.—.-..—
—

.
.—

—
.-.~......-—

.
-j-----

..il.i
i

lJ_
-T

---1
i.

..
i...

.r.
I

,
.
.
.
4

I

—
-
-

!
-
—

–
+
–
.
.

.
“

,
.

-
+
-
-
-

-
-
L

,
1

.
.

.
-
.
/

‘
.

.
—

~
-

,
.
4
:
.
.
.

I
..

.
.
.
.

.
.
;
,
..

“
1

.
.—
-
-
-

_
—
.
_
—

i

1 ~
_
,
~
-

-
:
’
;
_

~

:
.

.
;

.
.
.
-
:
.
.

[

‘
—

1
“
—
-

“
’
-
-
-
-
-
“

...
.
.
.
.

!
.
’

.
:

{
;

—
L
.
—

.
-
l--
-
-
-
-
-

!

[
i

...
.1.

,
-..,

.-=-4
--;-.-

--.-:--:

“
i

1
’

.
..
.

.
.

:
.
.

!
l
J

‘
i

—
.
.

.
.
—
L
1
.

-,
.,

.,,..

--------
i-

-:

--
.-

0

.
.-“i

-
..-_:..

d“1J
.-e

-
/

.

-..-..-t
..:.

7

.’.

.
.

..
.

.
(

.
!
..

.
,.

I

—
....-,.

----

i
---

-.i
...-

-.:!–

.
..

..
4--

-i-.
.

!
.
i1
’

+
-.+

-r-
.-.._r_.

1
~

‘t.
:

,..~
~“;1

.-.-T
--

.-.!
—

.-.
.._.~-_.

,
‘.!

!.
;..

..~
i-

.-:;.
-

,_
;....

i
~

.
..—

.,.

:1

:.;.
_

_:j:,

t:
!

.,
..-

;

:.
i~,

~;
l.:.

!
——.

—
..

—-.
—

..
___

._
.,,_._.

_

!.
..-.

d
.:

‘?.:;’:,“
.t

.,

-–-----i-—-.--.!-
‘a:~

I
x

:
I

~
“
.
:

-
.
.
-
.
_
:
.
.

‘
:

-
.
.
,
.
.

.
.

“
’
-
-
l
-
-
”

1’
-_L-_..

_-+._-.
.:,..
~-_

..-_../
,-

i
l;;

.,+
IJ

.—
—

—
.

.
-.:.

-...:+
___

~

‘-~
–

’21”
“~

t.”
_:.._.

.....
-,

.]
;.,

/ !.,
..—

..—
..

—
-.

I

+
__

-+
---

_:=
._...J

i.,-
..~

’.
:~

I :+
~

...-.,.,-”
.

.-
!

\.:..
--

!.N
-

i
–.—

L.--L.-4
-.-;.-

4..
:“-~

”
K

;
-i”:.,

I+
_

.F
T

_
‘-

-“.;::.(:
“.!{

:

X
l

.
..

.
...

i.,.
I

..
;.

1.:“
>

’.:-”
./

:
,,

,’,,,
—

--
—

-
—

..
{

-l!;.-:.
s

..i

.
~

+
~

b
.

:+
-

:~
;

i
,[j~

.-
..-.

~
,
(

,“-!
:*

.-.—....-.....
c
m
’

h,;
.

N
i.-

,C
-.

.,.
.-

...
_..-

T<c
I

—
—

..:
—

.
J.-

:i
;:-

.-
..

.+
.

-
.-

.....’
.::

[

;....

●
m

●

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E

A
P
P
R
O
V
E
D
 
F
O
R
 
P
U
B
L
I
C
 
R
E
L
E
A
S
E



● ☛ ● ☛☛● ✎☛✎☛☛✚
● e

● mob.
●*9 ●

● O* ●
:

● bb
:e::00

●* ●.. . ● 00:
● 0....

● O .:. :- qq.. :..
●

● **.
. ● :

● ‘:”: •~*-
ionizing rogion~ giving rise to the observed peaksO

,

The results of a

here. The following faots

10 The furnace and souroe

20 Material produoing the

spectrometer tube onto

series or investigationsof these peaks

have been demonstrated experimentally;

plates have been completely outgassedO

extraneous peaks has not bed distilled

the souroe plates during the outgassing

are summarized

from the

of the sy8temo

30 No oil or other material which might produoe the peaks has been introduced with

the helium whioh

oxidation of the

●ume pl.ateso

&

was used to break the vaouum Heliumwm used to prevent

thin film of plutonium mhioh had been evaporated onto the

4. Oilfrom the meohanioal fare pump has not diffused back into the spectrometer

tubeo
.

~0 No oil has been swept into the tube from the glasa=wool-spindlooil%rapwhieh

was used as a safety preoautlon during glass blow’%ngo

The following experiments have indiaated that the source of the extraneous ra.terial

i8 in the handling of the samples before they are placed in the tubes

1. One of tho final treatments in the preparation of tho metal from whioh this

sample (CX2A) was take& was a pressing under mineral oil at 2250C0 This oil

has the proper moleoular weight range (225 to 300) and some of it may have been

oooluded in the sarnplepArrangements were made whereby a sample of normal

(llintonmetalwas splits one half to be pressed k oil and eleotrolyti~ally

~leaned (the u8ual prooedure]~ and the other half was not to have this treatment.

The aamplea were delivered in vials~ and the sample that had not had the oil
I .. i I

“treatmentwas run first. The extraneous peaks appearedo
,,1!4 ., ..:
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Sample CWIB whioh was not rcduoed at Los Al&mos$ but rather by Seaborg at

Chioago, showed none of these extraneous peaks.

Sample

vacuum

to the

toolso

@was reduced here, but was delivered in the cruaible in which the

remelt was carried out. It was transferred from the remelt crucible

spectrometer arucible without being touched with tweezers or any other

It showed none of these peaks.

Likewise sample @Hwas reduced and remelted

into the source oruoible using tweezerq that

at Los Alamo80

had been washed

It was transferred

in carbon tetra.

ehlorideO This sample did not show these extraneou8 peaks eithero

A small nondescript piece of plutonium that had not been remelted, whioh was

delivered in a glass vial~ and which was handled with unwashed tweezers~

showed 8ome (but not all) of these extraneous peaksQ

Conclusions drawn from the8e experim~ts are:

The naterial produoing the peaks did not originate from faulty instrumental

techniques.

The xmterial was present in the samples.

The speoifio identity of the material is not olear~

The material maybe eliminated by

sample CWiB

This sample of plutonium was

b the Eanford pile with a flux, nvt,

proper aampl-handling technique.

produced at Ulinton and then re-irradiated

19
of 201 x 10 (LA.2560 Deutsoh)o This sample

wa8 purified here~ then sent to Seaborg at Chioago for reduction and then returned

here to be examined mass spectrometrioally.

The first run on this sample is shown in Fig. 60 The peak at 255 is

due*O ~239016+ 239F19+and the peak at 258 is due to PU . Exoept for the peaks

at 239 and 243, the rest oZ”thV:&&% ~e~~ ~roduoed by PbC12 in the samples the
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. .

peaks at Z@,

and the peaks

A

● ☛ .:0 .** ● m. ● .* . .
8 ● *..::. ::

● :.. oo
● “:”:1::‘-

-, ti% 44. -d d.tj

IAt 276s 277~ 27802798

IWla-’-.Therelative heights of these peaks qualitativelyand

being produced by ions of the form “PbCl+8

and 280 being formed by ions of the form

fit the distribution of msses that one-y caloulate from the

of the lead and chlorine isotiope$.Fortunately. no ion of the

quantitatively

known distribution

form PbCl+ has a

maas of 2400 Calculations show some PbCX2 ions should have masses of 271+02810

and 2829 but the 6Xp60ted abundanoe of eaoh of tliesenasses As so snnll that -

these peaks would not show up

calculated PbC12 values would

239F 19+superpositionof a Pu ~

that the normal lead speotrum

at this i.ntensityo ?14w3B 277 is higher than the

lead one to expeoto This is presumed to be due te

ion. From these observations~ it was predioted

should appear in the mass region above mercn.ary,

and an examination of this region showed the normal lead speotrum (Fig. 7)o The

f~rst run of this region showed small unexpla&md peaks at 2030 205~ and 209~

whioh rapidly disappeared

A series of 15 measurements of

made at different furnace temperatures

khe p/40/pu239 abundance ratio were

03giving a value of 6.51 x 10 0 The avemge

deviation of the mean was 0008 x 10-5 or 1.2 peroentO but considering the

and unknown oorreotion for the faot that some of the tailof the 239 peak

contribute to the measured height of the 2~ peak~ th$s value is reported

(6e5% ~ 0020) X 10=3.

Sndl

=Y

an

On increasing the furnace temperature, a peak was observed

po~ition 2410 Curves in Figs. 8 to 9 show how the relative heights of 240 and

2@variod with furnaoe temperature, This variation with temperature iridioated

that the main portion of the mass giving this peak is not isotopio with plutonium

The ~ peak persisted throuah%y$
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● mb..:
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$~e e@#.re run, and remained a short while after
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all of the plutonium had been evaporated awayo By ohanging the furnaao tempera.

turoo 24.I could be mde so still as to be below the limit of observation, or it

could be built up to a height greater than that of the Pu @ peako Emmination.

Qf the surroundingnass

region (Fig. 10) showed

256 is due tm FM&ooi6+

but the observed height

positions showed nothings and examination of the oxide.

259016+~.d peakthe following. Peak 255 is due to Pu

h the correot abundance.
~239018+

gives a mass 257P

of this peak 3-smore than one muld expeot from the

16 M 241 16+
o /0 abundance ratio~ It is assumed that (?) - 0 contributes

of

it

this peako Unknown vapor pressures and unknown

impossible to say how much of this new nnterid

ionization oross

is present.

the reminder

seotions make

No organic material would be e.xpeotedto produoe a single peak suoh as

this, and a study of the literature was made to find known isotopes of the elements~
.

whioh in combinations would produce ions of mass ~ as well as ssmll amounts of

mass 239 and 2~00 HydridesO halides, ox$des~ sulfide~$ selenidesO tellurideao and

.
nitrides were all oonsideredo The follo~ing is a list of’possible oompound ions

whioh might explain the ~ peak as well as the absenoe of peaks above 2@ and below

~239 1*
%

*L209 16+
02

#93 0316+

It should be pointed out tha$o in sele~ting the above lists many compound

ions of mass ~ were not oonsiderod as being the source of this single peake be=

cause one or both of the elements involted ooourred in nature with several isotopese

so that ions of masses adjaoent to the region 239 to ~ should oouur with the
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ooeurrenoe of an ion of nass 241. o No ions were observed at

positional

Elements formed h the pile by neutron irradiation

these

or by

prcoesses would not bo expeoted to oaaur with the normal isotopio

adjacent xwi6s

other pile

distribution

and it is possible that traces of some of these elements might persist through

the ohemical purification. In this ce.seeno

eliminated from consideration for the reason

the isotopio distribution in nature.

The possibility that the hydride

cannot be eliminated because the preseure

of

in

investigation of this peak was a factor of 5

{-1 x 10e6mm)because of a very slow leak.

molecules ,of-ss 241 oould be

mentioned above~ which is based on

.

plutonium has caused the 4 peak

the spectrometer tube during the

to 10 higher than usual

A gas pha~e reaation with water

vapor oould have produoed hydride. Deuteride from this source oould not have

produced a peak at 241 without a160 produoing a large peakat ~00 That this

240/w239 ab~d~e ratio withdid not occur is shown by the constancy of the Pu

changes in furnaoe temperature. Bismuth oxide, if presents probably would be

rapidly reduced by mol$en plutonium and. if eoo it oould not oause a persistent

~%209 ~&. 209.36+
‘2

ion. Also, no ion corresponding to Bi has been found at mass

position 2250 Iridium forms no oxide higher than Ir02 so that there is small

probability of the formation of Jr ‘O
?

Jn conneo%ion with the purification of this samples Seaborg observed a

*Onew alpha aotivity which he believes is best explained by assuming that plutonium

undergoes the following reaotionsx

:0!“:~
9* ● 00 ● ** .*. .** ● .

● ● ● 9* ● 00●e*● ● ● ●’0 ● ●°:
● ● oe ● ● *9

● ‘: ● 000● ::*.: ● **
● Oem* ● O* ● *
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● 9 ● am 9*
● 00 ●°0 : ●*9 ●

● ***O.* ● *
* ● am@ ● ● *O ●

● ● :m* ●** :m* : : .*.
90

● 0 ● O* ● ** ● 00 :00 :.e
●

, ● :
● i-~%”::

● :***. ● 0
● ● . . . ● *O ● ob ● 0

.
●

21p
H my be the isotope 95 whioh has been observed hereO The obserwtion of a

peak at mass 257 whioh could be

has observed that the new alpha

like a

pushed

at Wae

trivalent rare earth and

Sample CWIB was

OUt Of the piloO

pushed out Of the

amounts of 21@ in @ and

241 *16+
95 is stronglyin support of thiso Seaborg

aotivity is due to an isotope which has properties

so is easily separable from plutoniumO

purified approximately four *Q six weeks after it was

Sample@was purified approximately four months after

pile. h order to explain the difference in apparent

OWIB on the above theory~ it is neoessary to assume a

242
half life of 94 -I&aof the order of 10 dayso Seaborg thinks that 94

‘tlong’thalf life (CF 2966), i~e~~ of the order of a year or longer. Hxoept for

this discrepancy, this theory seems to be the best one reported to date.

● To summarize - the identity qf the substance h sample CWIB which

produced an ion of mass 24.1is still unknown. A number Qf possible cources of

thts material have been pointed out, but none of these possibilities give an
.

entirely satisfactory explanation Work has be= planned whioh~ it is hoped$ will

give tire information as to the

&llllp%e8f+Wand MH

A’sample of metal (4%)

to oontain 00295~ .006 percent

souroe of this xaterialo

produoed at Hanford

~zd+o
o Examination

was examined and was found

of the 2@ -s6 region showed

a very small peak bearing a ratio t? the 239 peak of about 1 part iA U)?. The

I
smallness of this quantity made it imp~spible to study the height as a funotion

of temperature

FarWell has oounted ~ for,spontaneous fission and found a rate of
I

~jO f5.ssions/gramhouro From this figure and from the above composition data,

240one calculates a spontaneo~”~fll+l~nr&”{f$~Pu of 2001 x 106 f/g hrO This
● e**

:: :;-
● ●*9 ● ● *O

● : ●9**● :: ●0: ● **
●* 9 ● ● ●00 ●*

/
.:l–--—-
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is 20 percent higher than the rates previously calculated for this isotope from

measurements on twe samples$ (CX2A and CWIB)@ one of which contained less. und

24o
oneof vhioh oontained more Pu than did this sample. The reason for th~s

disc.greementis not clear. However~ the samples (forfission oounting and for

mass spectrometry)were obtained from two different sources. several weeks apart~

so there is somo question as to the identity of the samplesa This hypothesis is

supported by the fact that data on samples from batch &l.H(see below) oheok the .

previously determined value of this constanto

240
Measurements of the Pu /Pu239 abundame ratio were

of plutonium &lH (reduotionnoo 7078) to compare with fission

made on a sample

oouwting by Farwello

●

,

Oare was taken to see that both samples were taken from the same batoho Mass

spectrometriomeasurements gave the value:

Pu&O/Pu239 = 00011~ + 0.0002 or 1.10 percent ~ 0.02 perc&t Pu
21!+0

Farwell”s oount of this sample gave;

10~200 f/g hr. 26 percent

240
giving (1065 ~0010) x 106 f/g hr. for (94)

Comparison with Tin

Doubly ionized plutonium atoms would produce a peak at

119.5~which falls between two of the tin isotope peakso Sinoe

mass position

tin and plutonium

have comparable vapor pressures it should be possible to mk them~ and through

this superposition of the seoon&order plutonium spectrum on the first==.ordertin

speatrum$ make a positive identificationof the actual mass of the main plutonium

2390peak. This large peak has always been assumed to be due to Pu

A preliminary run with a ~~0 mixture by weight of plutonium and tin

119+showed a peak extraneous to the tin sp@O~um@between the Sn and Sn120+ peaks.
●9 ●0*.9**9*

● e● 00:0

“s “;-
● ● ●*O ● ●0●** b ● ● ●** ● ●%

● ●*9 ● ● **
● : ●99*●:: :0: ● *9

●9 ● ● ●9* ●*

. .—
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● 00 ●m.●

● **me** ● *
● 00 ● ● ● ** ●

:.O ● ● ** bmee
● 9*..*.*. ●

This is due h doubly

peaks were many times

found *hat mixture of

● ““ “:” +“z~% :“” :“.
● 99*

● *9:
● ●:0: .;e;- ljKIAs%lfQ“

23$)
charged Pu ionso However~ with this mixtures the tin

higher than the second.order plutonium peak. It was

30

heights were of the same

in FigO 11~ A series of

mg of plutonium and 10 mg of

order of ~gnitude O A ourve

119-1-
meaaurements of the Sn .

tin gave peaks who8e

of this region is shown

Pu239* peak separation gavo

a VdUe of 0.61 + 0002 ~88 ~it8. From thie value the calculated packing fraation

Of PU239 -4is (4;2 + 2.0) x 10 ● An extrapolation of Dempster8s curve

[PhysoRevo, ~, 869 (1938) gives 507 x 10-4~ This instrument was not designed

for preoise mass measurements so a very

value of the pcking fractionO

1% is then pos8ible to compute

large error is attached to the oaleulated

the atomio weight

the paoking fraotion of 4.2 x 10-4. The result is 239.10

&o
x is the percent of Pu present) on the physioal-weight

.

of pl~tonium~ using

~0.04 + x/10t),(where

scale. On the chemical-

a+o is
weight scale this becomes 239.0~ + 00@ + x/1000 The correction for Pu

240very smalland since Hanford material oontains about 1 peroent PU ~

23$100~~ 0.04 is a good value for the chemioal atomio weight of tho present

shipments.
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The foilowing

men%s of the abundanoe

table

rat10

give8 a summary to dato of mass speotrometriomeasure.

Pu&O/Pu239 along with f3pontaneousfi6 t3iO13 Oounting

by Segre~s group and the oorrcsponding fission rate (94)240.

Material ~ “ Percent Pu*O Spontaneous Fission
:fi;$b.- . Mass Spectrometer Rate..

*. .,

.

%E%Y+%pL3 —

NornrilClinton Plutonium .00033~oooo5 Ea---

CJin_bonRe-irradiated
plutonium (cI.6 or CM@ c).U8 +0.008 1910 [~lo%)

Hanford Re.irradiated 0.6.47~0.020
Plutonium [CWIB)

(1062*.I$2C 106

6x 10

6x 10

(1065~0.07)x 106
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