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APPENDIX 1

PREPARATION AND PURIFICATION OF THE SPIKES 22°ThH, 233pg

AND . 2824

225 Tl (7 52 i e v )

This is not a paturally occurring radioactive isotope
and is therefore a very convenient one toc use. All the other
thorium isotopes are either found naturally or their half-
lives are too short to be used. The 22°Th spike obtained
from Harwell in the UK was not pure for it also contained
2 Tin, WhiTHESE naturally eccurring. Fortunately this did not
interfere with the determinations as 228Th was not being sought.
A correction nevertheless had to be applied to the total
a-activity of the spike so as to eliminate it from the
ealEllll ast1nn.

Before 22°Th could be calibrated it was purified in the
usual manner to remove any daughter products that had grown in.
(For example 228 and 220Rn From 228ThH, and 225Ac fram 229 Th).
Calibration was done on the same day as purification, otherwise
the calibrated value would alsoc include the a-activities of
the daughters. Experimentation showed that 22%Ra could be

detected after six hours.

22 pal (27l d)

23%p5 was a synthetically prepared radioactive isotope
and was produced by irradiating about 10 mg of purified

reagent-grade thorium nitrate for 20 minutes in the
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pneumatic faciliﬁy (the method of purification was similar
to that used in Table 9). Purification of the 22%3ps was
necessary to remove all 232Th remaining. The method used
was exactly the same as for the general purification of
protactinium. A milking procedure was used whenever 233pa
was required. A new sample had to be prepared after two
weeks because of the relatively short half-1ife of 233 pa
and the production of 233(. About 70 ut of the 233ps
solution was added to the sample and exactly the same
volume evaporated to dryness on a SEparate ddsel ke
y-count of this disc was used as the initial 233 Pa activity,

to which the yield correction was normalized.

232U (71’-(' V)

232 ) does not occur naturally. It is, however,
useful because it is mono-energetic and does not have other
uranium isotope contaminants. The radiochemical centre,
Amersham, UK, were the suppliers. Calibration was daone
after the 23%2U had been purified using anion exchange in
the chloride form (Table 9) from which 228Th and 226Rg

daughters were removed.
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APPENDIX 2

CALCULATIONS FOR THE DETERMINATION OF CHEMICAL YIELD .FOR

THORIUM, PRODTACTINIUM AND URANIUM ISOTDPES

Nomenclature:

(Aa) =" Factuel aetayity of 22 7h
m 3 e ¥ 234
NI - measured activity of 1

STD Shah,, 231 3
(AU)231 - actual activity of Pa in standard
ASLD - measured activity of 2%3®!Pa in standard
Afu - measured activity of 2°%Pa in sample
Kzas ~ decay constant of 235U (9,76 x 10” )
X o - decay constant of 2°°U (1,54 x 10719)
Nzas - number of atoms of 2%°U
N - number of atoms of 2%y
238
Ea - efficiency of a detector (i.e. geometry)
EY - efficiency of vy detector (i.e. geometry)
if - chemical yield

Activity values are given per unit colinting time,
per unit weight. In this work the values were usually given
8s counts per hour per gram. The actual activity of the
spike was corrected for weight, as the calibrated activity
was guoted as counts per second per gram in the cases of

Z290h and 222U gndy.

Uranium:

(Ao),q, = A oau o’
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(F\D)zgz = Arzn32.Eq.Y (2)

As uranium only was invalved, the chemical yield (Y) and geo=

metry (Ea) was constant for both 23*U and Esilrespectively.

The same applies to 238U,
m
Ao )z ay Azan (3)
(Ao) = pm
234 Al
m
A (Ao)
2 34 232
(Ao), 4, = K (4)
232
m
A SRR
Similarly (AD)238 o = (5)
m
A
232
234 | 238
The U/ U ratio is derived from equations (4) and (5).

Thorium

The thorium spike was a mixture of 229Th and 228Th,
A correction must be applied to remove the 2287Th activity

contribution.

(AD}TDTAL 3 (AD£29 3 (Aoéza 5]

(Bol & = Az”‘“ . By Y (7)

(Bokog i = Bopo - FE o ¥ (8)

AB),e [ Ag;s i (9)

(Ao, ,e oM %

229

(Aol = R(Ro) (10)

(AO)TUTAL = (Ao)225 $ H(Au)229 = (Ao}229 (o1 L)
; (¢ )
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(Ao) E (Ao)rgrar
229 iy (1 + R)
(Ao)
AL
] 10T o)
ik =n :
228
m
229

The value of (1 + R) should be constant for the spike solution.
Using the samemethod of calculation, the getivaty of 220%Th

is determined as follows:

AT L e
(A 230 . 229 (13)
Arag

The ?#30ThH/ 28801 vatip detderived: Foom equations (4) and (13).

Protactinium

The calculation af the 23%Pa/23%| ratig is slightly
more complicated because both isctopes come from different

decay chains, the 235U and 228 chains respectively.

STD:

Pa: (Ag) = (Ao) = ] 5 M (14)
231 235 235 235

i (AD)ELP = (AD)EIE = X23s - N 53 (15)
SHRD Sl

(AD)zal k. 1235 : Nzas (16

(Ao )y Mg sta

Relationships in equation (16) were determined from a standard
uranothorianite sample from Phalaborwa which was in radipactive

equilibrium. The atom ratio {Nzas/Nzéa) is determined by mass

spectrometers.
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S0 SIhD

Pa: (Au)231 = A231.Y1.EQ
‘ (o-spectrometer) (17)
(AD)Szu = A2531 il B
STD STD .,
(Ao)zaa % Azsa'Y ‘Ey
(y-spectrometer) (158
S S
(AD)233 = Azaa'Y'Ev
ASTD G EID
231
Aysy (AD)231 Y
ASTD A sl v
233
EoRE S (20)
Arss (Ao)zaa Y
Combine equations (19) and (20),
ST D iSH STD STD
A231 ,Azsa (AO)231 .(Ao)zaa
3 5 = S S (22)
A i (Ao), 4, (Ao)ss
U ( )STD " ASTD_Y“.E
- 23k . 231 o
(p-spectrometer) (23)
5 5 11
(Ao), g, = gt - Ea
S STD
AZLP (Ao)zsu Ve
S = S 11 b24)
Az sy {Ao)zau Y
TD SInD
(ADL%Z =S it U
(a-spectrometer) 25
(ARo) S e
232 232
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ST SinD
A232 (Ac)232 y111
5 5 (26)
A (Ao) 11
232 232

Combine equations (24) and (26)

gSTB. . L 5TD (Ao)STD (AO)STD
234 232 = 234 232 (27)
A- a8 (Ao)> [Ae)D
234, 232 234 232
Now
S 5 STD STD
A231 |l!!‘231 A231 A23h (28)
S B B S Tt A e
A23ll Azal A231+ A23'+

Substitute eguations (16), (22) and (27) into (28)

S0
S5T0 STD STD
S [k235 ST ety A2 (Ao)%ss
Ass b Aosig N, se Acéiu Afaz (An)iss
A STD 57D 5TD =5
234 (Ao o A on (AD)231
S S ’ 5
(el s Ajas (AS) 51,
231
= Ea in sample (30)
234
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