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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views [}
and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.
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INTRODUCTION

3
Pclonium‘has been reported to exist in two alletropic forms,™* -
Evidence for this was gathered from resistivity Deasurements and crystal
structure studies, Z-ray diffraction studiss show that the low temperg.
ture, & form has g simple eubic structure and 2 caleulated density of
.32 g./cc, whereasf§ polonium is a simple rhombohedral, crystal with a
salculated density of 2.51 g./ec, The density was also determined by
measuring the volume which a2 known mass of metal oceupied in a small
capillary. The weight of polonium, 1201 # 6 micrograms was determined
ﬁalorimetricallyo With this welght, a diameter of C, 258 nm, for the
capillary and a length of 2.4k mm, for the "ingat", the dengity of FO-
lonium was caleulated o be 9.38 gofcc. Only one determination was
made because i% essentially chesked with the more accurste L-ray data,

More recent Z-ray data show a denzity Tar & polonium equal %o
9.16 ¢./ce, These data alse shew a coefficient of thermal 2xnpansion
equal Yo 20 x 10~6 em. fem, /9C, 2 «

It was feit that further work sheuid e done on thie problem
to confirm or dispute the values reported,

SUMMARY AND CONCLUSICNS

Four deteminations of the density of polonium at 25°C. have
been made. These values are 8.69 g./ce., 9.3 g2./c0., 9.3 8./cc., and
9.20 g./cc. with o probable experimental error of two per cent, 0,19
gc/ccc The material used in the first dedermination was not gubjected
to a preliminary purification which makes the value cbtained aoubtiul,
In this instance produstion foils were used directly without a separ-
ation from their mors volatile constituents, The difference in the
reported value from thet which appears in the Ad Interim Report3 i due
to & recalcuwiation based on the lates: information on the Dhysical con-
stants of polonium, %

The value of using pure materia] and krnowing the vhysical
properties of polonium are slearly indisatad,




EXPERIMENTAL

The procedure used in making the density determinations was
essentially the same in each case with the exception of the cne low
value reported.

About 25 curies of polonium were placed in 2 quartz tube which
had snother tube of about 4 mm., internal diameter sealed to it(Figure 1).
The system was evacuated to a pressure of 10<7 pm, Hgz or better and the
portion of the tube containing the polcnium was heated with an oxygen
torch until the poleonium collected on the soeler portions of the tube's
walls. The pumps were permitted {o continue the evacuating operation
during this step in order to pump off any oxygen which might be formed
as a decomposition product of the oxide., The tube was then sealed under
high vacuum and the polonium concentrated by heating 21l but the very
tip in a furnace at 500°C, A ring of inactive material was visible
toward the cocler end of the tube follcowed very slesely by the poloniuam,
The temperature of the furnace was then lowered to 300°C. and the tube
placed in the furnace with the larger portion protruding. This Lempera-
ture was high enough %o drive a goed bit of the ippurity off and low
enough to leave a sufficient quantity of polonium behind to be used in
the experiment.

The purity of the material finally used in the experiment was
not known but shonld be reasonably nigh in view of the treatment to
which it was subjected.

The tube containing the polonium was sealed ¢ff anc the activity
driven %o one end of it. It was then brcken open and placed in ancbher
tube to which a calibrated capillary was attached {(Figure 2), Care was
esgential at this point to keep smell quariz chips from getiing inkto the
calibrated space, :

This second tube was evacuated and the polonium heated with an
oxygen flame in a fashion similar to its preliminary treatment., After
it had cooled, the pumps were turned off and the sysiem filled %o about
100 mm, pressure with helium from which eoxygen was vremoved by passing
the gas through copper turnings at about 400°C. The tube was then sealed
off from the rest of the system and placed in a furnace at. 500°C, in crder
%o move the polonium past a constrictison in the dirsciicn of the capillary.
In this way a separation from lead which has a vapor pressure of about
10~5 mm, at 500°C, compared with about 1 mm, for polonium at 500°C. is
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5

effected, ter sooling, the constriction was elosed and the tube again
heated at “OOOG to drive the polonium into the smaller bulb $o whish the
capillary was sealed. It was sealed off again and remcved to a cenirifuge
cup specially designed to permit heating the sample just before centri-
fugation (Figure 3).

The temperature of the cup contaialng the tube in which the
activity was enclosed was raised %o about 400°C. The temperature was
well above the melting point of the poloniwm, The sentrifuge was per-
nitted to spin at 2000 r.p.m. for about twenty minutes. During this
time the polonium was able to collect in the calibrated &ip and the cup
cooled to below the meliing point of {he poionium. The length of Lhe
mesallic thread was measured by means of a traveling microscope, Where
bubbles were found in the thread, a measursment of the base and an esii-
mate of the height permmitied a correctlon to be spplied.

The weight of polonium was determined calorimetrically.

CALIBRATION OF CAPILLARY

A heavy walled quartz eapiliary was drawn out by heating a
pisse of quartz tubing to thicken it and then exerting & falrly uni-
fo*m.but fast pull on either end of the hot portion. This meau“nnd in

a slightly tapered capillary which was then cut at a reasonable distance
and sealed at the small end. Only those «of abeut 0.2 nmg_dLameuer were
used for furtier work. The tube was weighed empty and with a series of
small dronlets of mereury on an Ainsworih Type FDJ HMicrcbalance, The
droplets were forced individuelly to the bottom of the sapililary by
centﬁlﬂugaulon and were subsequently measured in length by means of a
calibrated itraveling microsszope. The volumes cbﬁained in this fashion
were corrected for the mercury meniscus and plotted against the lengih
of the mersury thread. When a sufficient nunber of po;nbs were obtained,
the tube was inverted and centrifuged in osrder %o remove the mercury
from the tip.

CAL“UI”“IONS AND ASSUMPTIONS

f—i

In making the caleulations it was agsumed thst the temperature
of the thread was about 50°C. above the %emperature of the surroundings.
on the basis of an observation that the furnace temperature was only about

200°C. when a mass of polonium melted.? When a tbenmoco*g e is pleced
This and

directly in the metal it is cbserved to melt at about 254
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a value of 20 x 10'6 cm./cm./°C, for the coefficient of linear expansion
were used to calculate the length of the thread at 250°C., close to the
observed melting point of p<>3.onium°‘2 The assumption was also made that

at the melting point and during centrifugation the molten metal complsetely
filled the end of the capillary. Also, that it behaved like a normal mstal
in contracting when it solidified and coocled further to the temperature

at which the length was measured.

The obsexrved length was corrected back to the length close to the
meliing point 250°C., and the volume at that temperature was read from the
calibration curve for the capillary. This volume and the calorimetric de~
termination of the weight of polenium is necessary to caleulate the density
-at 2509, This is then corrected to the density at 259C, '

The formulas used are:

1 =1 (1L+g(t'=-1t)) ‘1 = Isagth of polonium thrsad..
%! t » s = 250°C.
t = 75%,
Bt‘ = M € = Coefficient of linsar sxgansion.
' M = Mass of polonium - gm.
D = Dy V = Volume of polonium -~ c:o-
25 (,l - 3 av (t' - 25)) D= Eensiw’:y,

PCS3IBLE SCURCES OF ERRCR

1, Calibration of Capillary

A smooth curve may be drawn through the pointis cbiained with
mercury. The deviation from the curve may be used to assign a valus for
the error in the volume determination. A typical calibration curve is
shewn in Figure 4,

2. The error in measuring the length of the thread for these experi-
ments is determined by the sensitivity of ithe traveling microscepe.

3. An error may be present in making “he temperature correction,
If it is assumed that this correction is goed to twenty per cenlt, the
.error is corrsspondingly reduced.

4. The error in the salorimetric determination of the weight of
poleniur used is 0.2 per cent.

5. In a couple ¢f cases one or two bubbles appeared in gﬁﬁmt¥???d?;w
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These were assumed to be spherical segments and with the measurement of
the base and an estimation of their height, a correction could be applied.
It appeared that all the bubbles present were observed, although the small
possibility exists that some were present u1th1n the uhreae and eéscaped
observation,

~If the polonium sample is essentially 100 per cent pure then the
overall error in such a determination should be aboul two per cent.

RESULTS

The essential data are listed in the following table:

Length of | Volume ve. Density Possible
Thread at 2509C. . [Poloniuz lat 25°C. Error
(mm.) (ce, x 1077) (mg.) g./cc. a,/cc,
L:.273 14,59 1.249 8,69 + C.19

(known to
be impure)

7-T34 20,22 1.856 9.34 +0.14
8.04L7 35.32 3.253 9.3L +0.21
9. 447 29.42 2,670 9.20 % 0,17

A falrly typical thread of the metal in a capillary is shown
in Figure 5,
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From the way in which these determinations were made the value
reported is that for polonium in theaz? modification provided the previous
cbservations on the transiticn fromfé?toci'polonium are correct,

On the basis of the last three determinations one may eay that
the density of polonium is 9.29 g./cc. with a standard deviation from the

mean, ¢~ = $.0.07 g./cc. and a probable error egual to ¥ 0.06 g./cc, for
a single determination.
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REPORTED PHYSICAL PROPERTIES

68°C. to 86°cC.

x Po = —> B Po
DENSITY
LOS ALAMOS |
X-RAY DENSITY 9.32 gm. [cm.) 9.51 gm./cm,
= )3
= DIRECT DENSITY 938 + 0.5 enm./en.
P
7
<A MOUND
3 x
T - “ o
oF X-RAY DENSITY 9.16 gm./cm,

THERMAL EXPANSION

LOS ALAMOS — 30 4 100 x 10~0 en., /cm, [°C.

MOUND 4+ 20 x Ho..m em, [en, [°C. |
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—=FIGURE 1=
POLONIUM

QUARTZ TUBE USED IN PRELIMINARY PURIFICATION OF
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FINAL POIONIUM PURIFICATION

PUMP

1072 mr, Heg

; \ |

¢ *- { n
INACTIVE / m / m
POLONIUM ."rn L m

./ FURNACE _ 500°C,

POLONTUM MIRROR

\

FIISSYTINN

480721

=

POMP

SEAL-OFF

~-11-

POINT OF NEXT SEAL~OFF

e e e > e e e e e e e e o= e -

g

\_INACTIVE



MLM 230

—— FIGURE 2-—=
QUARTZ TUBE USED IN DENSITY DETERMINATION

3rd.Seal off 2 nd.Seoal off 1 st. Seol off

31ISSYTINN

Tube Containing Po 34/45 Quartz Joint

Colibroted Coapillary
to Vac. System
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CENTRIFUGE CUP EQUIPPED WITH EURNACE
—SCALE: FULL SIZE—

il

l’/
¢/, 7, /)
7772, 2%
7 l/ sy
77/ /Y 7
7% 204
A5 7% 7%,
/////,/ // L0
7 %
’/’ T
% v / / ) ./
7 y 2
i: R / 77
)
% S\ 2
7 Y B 7
7 / 1Y Z
.
1: / E: / ) e/
7/, / 4 / 2/,
» \ /
7/, 4 %
7 H / ) 7
// - Z,
e / s y ;/
72 L / V' /7
7 ' X1y 7
7 m/,/ 1 AR i)
7 SAW 10 7,
N I / H I3 / 7/
7 Yo ‘8 7,
Z L1 Y B 77
I, . N t 7,
/’ '/,// « / Z
. P p f 5 ’/
77 YA ML N 7,
%, V. 4 ' /2
. . ) 7
% f % 2
, I 75
7/ \4 i / 77
YA / 7/,
:’ . \ % ,
7 7
[ ' v,
7 / :/
7 e 4,
’: / ' « i / ;/
% ; "
2 //// / 7
(/
, 2,
Ve 7, ) 7
/,l// 77 //)/;// //,,//’//;’/’1 ,’/’/’/ // 27 7/,

—=LEGEND =
Brass Centrifuge Cup
Asbestos Insulation

Nichrome Wire Furnace in Thermocouple Insulators

Iron Tube and Cover

Transite Insulatoz

Madified Pyrex Centrifuge Cone to hold Quartz
Capillazy
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IF THE POLONIUM SAMPLE IS ESSENTIALLY 100 PER CENT PURE, THEN THE

OVERALL ERROR IN SUCH A DETERMINATION SHOULD BE ABOUT 2 PER CENT,

430720

POSSIBLE SOURCES OF ERROR

CALIBRATION OF CAPILLARY.

MEASUREMENT OF POLONIUM THREAD LENGTH.
ASSIGNMENT OF TEMPERATUHES.
CAIORIMETRIC DETERMINATION OF MASS,

"BUBBLE" CORRECTIONS,

MIM 230
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