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Bombardment. of Ce with neut.rons yields two radioisotopes by 
ll, l' reaction: 28 day Ce14l and 33 hour Ce143" ,These decay by,4 
emission, (.' 

Cel4l , 1 pr14l..( stahle) 
28 d / ' ... 

'\. 

Ce14.3i 
/ ',~3 h i> 

pr143 __ > Nd14:3 (stable) 1# 

1:3 .. 8 d ". 

leaving l3~-8' day/Pr as the only active non-Ce isotope producedo Since 
the irradiation of pure Ce requires onlJr the separation of the Pr 
frOll1 its Ce parent to produce pure ca.rri~:r-free Pr» this reaction offers 
a simple method of preparing Pr tracer", Ce can be separated from the 
other rare earths (valence: + 3) by a:ddation to the t 4 valence and 
precipitation as iodat.e~ 

. A quantity qf Ce02 was repur~ied from Balter and Adamson 
Ce(N03)3 by several Ce(I0,3J4 precipitations trom N4 ! HN030 Each 
precipitation was made by oXidizing the Ce~3 with NaBrO) in 16 ! HNO) 
and then adding 0",35 Ai HI0,'J dropwise", Following each precipitation 
the C8(10)4 was reduced wl.th hydrOJq'lamine in 6 ! Hel and reprecipitated ~ 
as Ce(OH);30 The laat Ce(OH)3 precipitate was dissolved in a minimum: of 
H01, precipitated as C82(0204)3' and ignited to Ce02Q 

003 gm of the purified Oe02 was irradiated in the Clinton pile 
(hole 21) for 14 days (4095 x 104 KiNd) and set aside to allow the 33 
hour Oe143 to decay camplet.e~ to ita daught.er Pr143. \. The irradiated 
oxide Vias dissolved in a small amount of hot 6 ! Hel solution containing 
equal amounts of hydroxylamine hydrochloride and-KI~~d was diluted Ylj:th 
water a . 

An aliquot equal to· 0 .. 0005 of' this solution was carried thr~ 
the following procedure: To the: acti'Vs solution was added 20 mg OEf<l'3 
carrier, 8 ml concentrated HN03, and Il/2',gm. ~3; ,it was then ,heated 

, to the very first appearance of fumes, at which time 20 m1 of 6 ! H103 
was added drop wise with vigorous stirring, precipitating Ce{lOj)!t0 
Approximately 5 mg of Cev4 carrier (as (NH4)2Ce(N03)6 dissolved 1n 5 ml 
4-5 ! Hl~O:3) "W~s added dropwise with vigorous stirring over a period of 
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five minutes to the supernatant, again precipitating Ce(I03)4~\. 1his 
last step was repeated several times to give a total of five precipita= 
tions" Following the filth Ce(I03)4 precipitation,"" 5 mg Fe'IFJ carrier -
was added to the super1fB.tant and \brought down as F~(OH)~Pr(OH)3 with, ' 
excess NHJ.,. OH. The hydroxide was .. di s sol ved in:2 ml 6 ~i HOl, diluted to 
20 ml witli waterB and reprecipitated with excess ~~OHo This,step was 
repeated (total: 3 Fe(OH)3 precipitatian8)~ The last hydraxide was 
washed with water and dissolved in 6 ! HCl. Fe~3 was completely ex­
tracted with isopropyl ethero The aqueous layer was evaporated to 
dryness several times with aqua regia to eliminate N~Cl, leaving solid~ 
iree Pr1430 ' . , 

\ ' \ 

, "', \'lhe purified Pr143 was taken up in water and evaporated in a 
capsu.leo An U'at>-sorption curve was taken (Fig" 1)0 This curve consistoo I 

of ~r143copt~tsd to the extent of 3% (at 0 added absorber) by a hard 
compOnent, whichJl when subtracted, gave the typical Pr 14.3 curve (of <> ' 
WC=NS=:-230)0 ' \ ' ' ' 

'Dle chemical yield on the carrier=free material was 49% of the 
. total pr143 present, obtained by comparison of the.car~er=free Pr activity 

with that of asamp1e (Fig~ 2) whose yield was known from chemical (carrier) 
a.nal.ysiso (Data in Tab1e<> J 

Calculation of Yield of Carrie~free Pr 

~/~~Zfo, Aliquot of COWlted Acto Chem.,; ~alculate"d 
6 6 ,5 Total Solno per Total Soln" Yield Yield 

Pr (Pr-carried) 4146 c/m 200 x m=4 20073 x 101 c/m 6502% -
Pr (carrier-free) .7740 II 50 0 x 1a=4 10548 x 107 co ... 48 0 6% 
'---. ~. 

From the following derived equatian*, the ~ activity obtainc 
able fran an infinite irradiation under the same conditions is 9<>1 me . 
P,r14:3/gm. C802: 

max 
A 
Pr 

T,t 
= ~ 

Pr 

}... A 
''pr - Cs 

.... A 'e-"j( ..... ;t.(e-~,.-')-A e~i\;ib(e-)CeT~V.) 
<;e IV 

*Rutherford, Chadwick and Ellis, Radiatlonsfrom Radioactive Subetances;--­
Chapter 1, equations (16) and (19) <> Also derived independently by Vi,.E< Cohn., 
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where APr $ prl43 activity, corrected for chemical yield, aliquot 
and . counter geometry, (::: lQ 76 x 109 dim) I T ~ time of irradiation 
(: 14 days), and t :;: time atter irradiation end (a:: 'Zl days)o 

1he 3% contamination of the carrier-free material (probably 
originating from neutron reaction on an impurity) could possibly be 
eliminated by irradiating more highly purified Ceo 

'!his reaction can be used to make high levels at PI' activity 
with minimum safety precautions" since the only other radiations. 
present after 33 h Ce143 has been a11ow~ to decay are the weak (-ray 
(002 Mev) and the 006 Mev /3Ot 28 d Ce14 ; 14 days after the end of a 
14-d.ay bombardment the total activity at the irradiated Ce02 was only 
six times that of the active prJ.4,3 it contained" 

- . 



" 

j 

\ 

,I 
<:I 
u 

Z, ",,, 
Cit; 
N, 
rJ 
W~ 

" 11/0 < 
Zl 
W 
Ul 
::J 
w 

It, 

'" 0. 
..: . 
0. 

:r 
c. 
~U 

1: 
t.l 

. ~ 

11' 

"" n. 
L'l - L' I Z ,10 
&ltU; 
UlQ:_ 
..,>4::-
I-!!l-
WOO 
071\1 
(1ji~ _w 
('Iiw'" .. '1 

<\ 0 oJ 
-" 
11 

'<! 
~ 

:: 
z 

1 
:' 

.. 

')w.-.' L~. ] -:)'1':1. 'j /1/1.j.5 t: ·Gf"'-(i:.lr~:U 
rier-free 13.8 d Pr1AJ 

5 

llii-t-t~±fmml T\t-~ 4~t(~d>~~:~-\-~ ~ 

31B]~UB~1J 
2 

6 

" , 

E) 

&.'lO 660 



~~r~f~~~+~~~l~~~~~~~~.~.t~~~~~'~~~~~~~~~~~+4~-+~~-~h7~-,r~ __ r-._t.r-__ ,.~.-~§ 
.. ~.. ~ 

l.. 

Oi-r-t":"·+-~~,,*':"-l--I"';"'~'--rl-~~~-~~·f-;~-.l-+----r---+:-~--:+--~---+--+-+-·r+-'~~--:-+---+--+"'"'-+-.... -+-1-. ,-. --, § 

~. !.'1 ":t .. < • 

" . 
,< 

....,. . . . , .... 

• ¥ • 
.~ 

-' '!!'!'" 6i" L • 

Y 4) "h~ ,O,.t. 

~ :~t.l \ {\~n 0'1 b ': ~"'JtlI'J -; '''1tl1'I~!\.i~p.i 
et.~~c '0'''', '.\ ~~ t~ H:al::a,,:a, 1 ":U~t'i3lf 

, \ 

• 
zj 



~--.• ~~- -----------.. --


