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T he production of 202T1 in  a nuclear reactor is discussed. W e describe the experim ental m ethod 
followed for the determ ination  of the half-life and  the gam m a energies. T he following data  
w ere obtained: Half-life: (12-23 ±  0-02) days— Energies: (439-56 ±  0-01) keV  and 
(520-13 ±  0-07) keV.

IN T R O D U C T IO N
202T1 is a well known nuclide which has been 
studied by several authors.<1-4> Various methods 
have been reported for its production, none 
of them  being based on the (n, 2n) reaction 
in a nuclear reactor. T he reported valué for 
its cross section is 4 m b in a fission neutrón 
spectrum ,<4) which suggests the possibility of 
obtaining 202T1 w ith not too small a yield. 
O ur m ain interest in this m ethod is its appli- 
cation to activation analysis of thallium  from 
202T1, considering the known fact tha t the 
isotopes originated by (n, y) reactions have 
no gam m a radiations, excepting the H g X-rays 
from 204T1. As 203T1 (», 2n) 202T l  is a reaction 
almost free of interferences, its use in neutrón 
flux m easurements above its threshold energy 
of 8-8 M eV would also be interesting.

W e have determ ined the half-life and  the 
energies of 202T1 w ith good accuracy as a p a rt 
of a more general work on thallium .

E X P E R IM E N T A L

Source preparation
Samples of Spec-Pure m etallic thallium  (Johnson, 

M atthey  & Co., London) were trea ted  w ith diluted 
N O sH  in order to remove surfacial im purities, m ainly 
the tha llium  oxide form ed on the m etal; washed 
w ith distilled w ater, dried, rapid ly  weighed and  
sealed in  quartz  ampoules. A 96 h r irrad ia tion  was 
carried  out in  one of the irrad ia tion  boxes of the 
RA-3 R eactor (therm al flux: 8-2 X  1012 n/cm 2 sec; 
fast flux: 1-7 x 1012 n/cm 2 sec). As we in tended to
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study both  202T1 and  204T1 the sam ple was irrad ia ted  
w ithout cadm ium  cover.

Twenty-four h r after the end of the irrad ia tion  the 
gam m a spectrum  of the irrad ia ted  thallium  showed 
small peaks due to interferences, such as 122Sb, 
124Sb and  198A u as well as the expected 202T1 an(j 
204T1. Purification was perform ed as follows: the 
sam ple was dissolved in fum ing H N O s and  H 2S 0 4 
was added. B a S 0 4, acting as a scavenger, was 
precip itated  w ith B aCl2 and  filtered. A gam m a 
spectrum  of this precip ítate showed th a t in it alm ost 
all 198Au, as well as p a rt of 122Sb and  la4Sb activities 
were present. T he ho t solution was trea ted  w ith 
m etallic zinc to assure th a t thallium  was in  the 
T1(I) state. U nder these conditions, p a rt of the 
antim ony present escapes from the solution as 
volatile com pounds. Finally the solution was diluted 
and  T il  precipitated, by adding a N a l solution. 
T he T il  was filtered, washed w ith N H 4O H , distilled 
w ater and  dried. A  small portion was placed in  the 
center o f a lucite disk, in  order to form a near-point 
source. M easuring the gam m a spectrum  of this 
source, we could see th a t 122Sb and  124Sb activities 
had  not been completely rem oved b u t w hat re- 
m ained m ight be considered as negligible; Fig. I 
shows a spectrum  of the source.

Measurements 
All m easurem ents were perform ed w ith a 40-cm3 

Ge(Li) detector, w ith a  2-3-keV resolution for the 
1332-5 keV of 60Co, coupled to a 4096-m ultichannel 
analyzer. T he valué of the 202T1 half-life was ob­
tained  following its decay during 38 days by m easuring 
its 439 keV radiation . T he  thallium  source was 
placed in  an  autom atic sam ple changer, to  assure 
geom etry reproducibility and  m easurem ent times 
w ere sufficiently long to accum ulate statistically good
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F ig . 1. G am m a spectrum  of 202T1-204T1 source,
14 days after the end of the irradia tion .

num bers of counts. Im m ediately  afterw ards each 
m easurem ent, a  source of 152E u (7 ¿ : 13 yr) was 
m easured to detect accidental variations o f equip- 
m ent experim ental conditions through its 444 keV 
peak. T he coincidence losses due to  sums of 439 keV 
rad iation  and  H g X -rays from the source were less 
th an  three per cent of the total num ber of counts 
obtained for the 439 keV. Source geom etry was 
adjusted in such a way th a t dead tim e was very small 
in all m easurem ents.

T he most outstanding energies, corresponding 
to 439 and  520 keV  levels w ere m easured using 
standards of well known energy. These standards 
and  their energy are listed in Tables 1 and  2, for 
439 and  520 keV, respectively. D eterm ination 
procedure was as follows: thallium  source and  stan­
dards were m easured sim ultaneously in  such a 
geom etrical arrangem ent so as to accum ulate the

T a b l e  1

N uclide
Energy
(keV)

Intensity
(% ) Reference

i3 3 B a 383-851 ±  0 020 9-0 (6)
75Se 400-640 ±  0-015 11-4 (6)

152Eu 41113  ± 0 -0 5 2-3 (7)
152Eu 443-98 ±  0 05 3-0 (7)
i 9 2 i r 468-053 ±  0-014 49-5 (8)
22N a 511-006 ±  0-002 180 (9)

T a b l e  2

N uclide
Energy
(keV)

Intensity
(% ) ' Reference

152Eu 443-98 ±  0 05 3-0 (7)
102Jr 468-053 ±  0-014 49-5 (8)

85S r 513-98 ± 0 -0 3 100 (10)
207B i 569-62 ±  0-06 98 ( 1 1 )
192I r 588-557 ±  0 017 4-6 (8)
192Ir 612-435 i  0 017 5-0 (8)

same num ber of counts for each peak concerned. 
This condition was fulfilled for the 439 keV level, but 
not w hen m easuring the 520 keV one, due to in ­
tensity diflerences for the transitions of the 192Ir 
standard . Therefore, w hen the num ber of counts 
accum ulated over the 588 and  612 keV peaks 
equalled those of the other sources, the 468 keV peak 
shows a  m uch larger num ber o f counts. Assembly 
geom etry was such th a t the fraction of the total 
activity entering the detector was low, avoiding any 
possible peak shape and  localization distortion. 
Spectra of standards w ithout the thallium  source 
were also m easured, to prove th a t no disturbance 
cxisted in the 202T1 peaks región.

Calculations
Peak areas were calculated by Covell’s m ethod and  

their N eperian logarithm s as a function o f decay 
tim e were adjusted to a straight line using the least 
squares m ethod. F rom  the slope of this curve the 
valué of 202T1 half-life was obtained analytically.

Locations of peaks were found by a program  *12* 
w hich smooths out da ta  and  then  fits them  into a 
Gaussian curve, determ ining the position of its 
m áxim um . Energy, as a  function of a  channel 
num ber, proved to be a straight line for the considered 
range. Valúes o f energies w ere obtained from the 
least squares adjusted curves. T he determ ination  of 
the two energies was carried  out separatcly, cal- 
culating diíTerent valúes for each.

R E S U L T S  AND D IS C U S S IO N

For the half-life of 202T1 we have obtained 
a  valué of (12-23 ¿  0-02) days, in accordance 
with previously published valúes, although 
with better precisión. D eterm ination factor 
for the adjusted straight line was 0-9995. The 
valúes of the m easured energies were (439-56 
i  0-01) keV and (520-13 ±  0.07) keV. The 
cascade peak, corresponding to the sum of
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the two quoted peaks can not be directly 
m easured because of its low intensity. For a 
p roper measure, a very long accum ulation 
time would be necessary, and errors caused by 
shifts during this accum ulation time would be 
too large. T he errors expressed for the energies 
were calculated from the average of four 
difíerent runs for each.

T he fact tha t the w idth of the annhilation 
radiation peak is larger than  those of the other 
peaks did not seem to have a great influence 
on the error of its localization, bu t there would 
be a source of error in the disturbance produced 
by the (439 keV +  HgKoc X -ray) sum peak, 
which has almost the same energy. This 
complication was serious when the 520 keV 
peak was measured, due to the condition that 
source and  standards would accum ulate an 
approxim ately equal num ber of counts, so 
tha t the area of the sum peak would be as 
large as tha t for 511-006 keV. For this reason, 
we used 8BSr instead of 22Na.

The situation was difíerent when measuring 
the 439 keV peak, because of the little import- 
ance of the sum peak com pared w ith 22Na, 
which was m easured so as to produce a similar 
num ber of counts to the 439 keV peak. We 
have performed four runs w ith a 85Sr standard,

in order to conñrm  the  preceding, obtaining a 
new valué of (439-55 i  0-02) keV.
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