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SUM-IARY.
192,Triple gamma coincidence counting of " Ir allowed to determine Ir

by instrumental neutron activation analysis down to 1 р.р.Ъ. in
ultra-basic rocks and down to ca. 20 р.р.Ъ. in soae high-furnace
slags: the limiting factor for the latter matrix was the presence
of '24sb. Radiochemical neutron activation analysis of the U.3.G.S.
standard roclcs revealed that the Ir contents ar© up to throe orders
of magnitude lower than previously reported, eKeept for the ultra-
basic rocks. The factor of merit of several scintillation and
semiconductor ga

i
ama-ray detectors was determined for the neutron

activation determination of Pd, Pt and Os. In the case of radio-
chemically pure sources, a ITal(Tl) wafer was preferred; in the
presence of high-energy gamma emitters, a Ge(Li) low-energy photon
detector was superior.

INTRODUCTION.

Neutron activation analysis can be useful iii the field of the

platinum metals, not only because of its great sensitivity for some

of these elements (e.g. Ir, Pd and Os), but also for its being an

intrinsically accurate technique, which allows it to be used as a

standardization method. A positive interest for application of КАЛ
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in thia field appears from some recent conferences, such as
"Activation analysis of noble metals" (Tashkent, Uz.SSR, 1970),
"Symposium on nuclear analysis techniques in the production and
industrial use of noble metals" (Brussels, November 1971), and
"Symposium on the analytical chemistry of the platinum group metals"
(Johannesburg, February 1972). ïho National Institute for Metallur-
gy (Johannesburg, South Africa) is now distributing a "platinum
ore standard" to laboratories all over the world (1), and the
Bureau Eurisotop (Brussels) is sponsoring the development of a
copper matrix containing standardized platinum metal contents.

A number of general statements on the neutron activation
determination of platinum metals have already been made elsewhere
by one of the authors (2,3). Some practical aspects will be dis-
cussed below»

HEUTRON ACIIVATION тЕШШЯХОЯ OF IRIDIUM.

1Q4 v1QA
Although the reaction "^Ir(n,y) Ir is very sensitive, most

activation analysts h&TQ utilized the reaction
 ?
 Ir(n,y)

 7
 Ir,

apparently because of the longer half-life (74.2 d) of the latter

radionuclide, so that it can be measured after a long cooling time.
192
?
 Ir is usually counted after radiochemical separations, and very

—12

low amounts can then be determined (<10~ g), even when using a

Ge(Id) detector.
1Q2

From the decay scheme of
 v
 Ir appears that various coincidence

measurements are feasible, which offer an alternative for the speci-

fic counting of radiochemically separated, but not radiochemically

pure
 1 9 2

Ir (4,5).

Gamma-gamma coincidence counting has been applied for the in-

strumental neutron activation determination of Ir in meteorites,

where the concentrations are sufficiently high (p.p.m. range)(6-10).

Similar results can, however, be obtained by Ge(Xd) gamma-ray

spectrometry (9>11»12)•
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Instrumental neutron activation determination of Ir in ultrabasic

rocks .and some hiKh-furnace,

Triple gamma coincidence counting via the 308.45 - 295*6 -

316.5 keV gamma-ray cascade allows tho instrumental neutron activa-

tion determination of Ir down to p»p.b. concentrations (5»10). Our

eet-up is shown in Fig.1. It consisted of three 7.62 cm x 7«62 cm

Hal (Si) detectors, coupled to EMI 9531A or 9578 photomultipliere,

horizontally mounted at 120° angles (which discriminates against

|̂*y emitters such aa Co), and shielded with lead to avoid cross-

talk. The detectors were usually placed at 5 cm from the radioactive

source, or farther if the gross activity was too high.

Each chain consisted of the following electronic circuitry i

a preamplifier HE 5281, an amplifier ITS 4603, a pulse height analy-

zer HE 4602, and a timing discriminator KB 4616, connected to a fast

coincidence module KB 4619 (resolving time r from 2 to 100 ns). The

output of the coincidence module was connected to the delayed coin-

cidence input of an Intertechnique SA-40 multichannel analyzer, via

a variable delay line AD-YU, 552 CI (0-1.5 /is) and a pulse-shaping

circuit. This set-up allowed the triple coincident gamma spectrum

.to be observed (Fig.2).

The amplifier was used in the double delay line differentia-

tion mode, and the timing discriminator in the zero cross-over mode.

With the circuitry described, a resolving time of 40 ns allowed to

detect all true coincidences "seen" by the detectors. With the

counting chains gated on the 303.43 - 295.6 - 316.5 keV gamma-ray
192

cascade, the system is specific to Ir.

Йюге will, of course, be я, smooth background contribution

in the 300-keV region, from Compton scattering of higher-energy

triple coincident gamma-rayo (e.g. from ^Sb or Ag), and

possibly-some double coincident events (e»g. from Sb, Ag,
4
"
6
Sc or

 6 0
Co), combined with backscattering into the third detector.

This does not interfere with the
 1 9 2

Ir complex 0.31 MeV peak area

determination by Covell's method (13)»

The contribution of "semi-random" (10) and random triple



•coincidences was explicitly checked for a particular type of sam-

ples, Ъу observing the coincident count rate after maladjustment "

of the timing discriminator delay lino in chain I, or in chains I

and II, respectively (cfr Hg.1). By keeping eingl© detector inte-

gral pulse rates below lO^o.p.s. (by chosing appropriate sample si-

ze, neutron dose and/or sample-detector distance), it was found

that problems associated with (semi)random coincidences, and also

pulse pile-up and related problems, such as multichannel analyzer

dead-time problems (even when operated iu the delayed coincidence

mode) could be kept under control, nevertheless, an addition method

of analysis was used throughout ( И ) , resulting in very similar

counting conditions (same gross activities) for samples and stan-

dards.

The above method was applied to some ultrabasic rocks and some

types of high-furnace slags, using a oample size of 1 gram. The

rocks were irradiated for 32 hours at a flux of 5.10 n.cra" .s" ,

and counted for ca. 24 hours, 20 to 30 days after irradiation. The

high-furnace slags were irradiated for 6 hours only, in order to

keep the gross activity within the limits discussed above, and also

counted after ca. 1 month cooling.

The rocks were all peridotites, similar in composition to the

well-known U.S.G.S. standard rock 3PCC-1 (15). The slags had the fol-

lowing typical composition : 26.5-29$ diOgj 20-245» Pej 11.5-18$ CaOj

7.5-9$ Zn; 0.8-1.8J5 Pb; 0.7-0.9$ BaO; 0.5$ Ouj 0.1-0,4$ Sn; 0.15-

0.45$ Cr; 0.05-0.2$ Coj 0.01-0.1$ Sb, and the gamma spectrum showed

the following major activities after 1 month cooling : Sc, Co,
5 9
*e,

 5 1
Cr,

 1 2
V

 1 8 2
Ta,

 1 3 1
Ba,

 7 5
Se,

 11OlIl
Ag.

Rosults are given in Table I, column 2. Column 3 showo the Ir

content found for the very same samples, but after radiochemical

separation according to a procedure described elsewhere (4), fol-

lowed by ffe(bi) gamma spectrometry. The agreement iö quite satis-
factory* Sample KJC-1 has been analyzed for. Ir by 6 different 'labo-
ratories (cfr. Table II) with an average value of about 5.2 p.p.b.,
.implying that the above instrumental technique gives accurate re-
sults .
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In the experimental conditions described above, the following

approximate detection limits can be obtained : for ultrabaeic госкз

ca. 1 ng Ir/g, for slagra ca. 20 ng Ir/g (assuming an Sb content of

0.155).. Por the slags investigated here, Compton scattering from
•ip A. '

triple coincident ч>Ъ gamma rays appears to Ъе the limiting fac-

tor (cfr. Pig.2), implying that the instrumental technique io not

celective enough, if the Sb content exceeds the Ir content by a

factor of 500 or more. Por the peridotite rocks, the background

source has not unequivocally been identified, but does not hamper

the Ir determination. .

In spite of the long counting times, triple garama coincidence

counting is still fast in terms of man-v/ork hours. It is ideally

applicable to peridotite rocks, and may be useful in the case of

"rich" high-furnace slags.

Radio chemical neutron activation analyqig ,of Ir A-n_sllica,te r_oe3;n.

Earlier data on U.S.G.S. standard rocks suggest that Ir con-

tents in silicate rocks are typically in the p.p.b. range. More re-

cent results, however, tend to be 1 or 2 orders of magnitude lower,

except for the ultrabasic rocks (peridotite KJC-1, dunite 2>ÏS-t),
where the data remain relatively consistent. See ïïable II, which
is adapted from a compilation by Flanagan (16).

She radiochemical separation method followed in this v/ork is
similar to that described earlier (4). In order to obtain higher
sensitivities, the samples were, however, subjected to a higher
neutron dose (3.10 ^ n.cm )» 'JJhe chemical procedure was consequent-
ly somewhat modified, to avoid the necessity of evaporating highly
• active sol\itions.

Procedure.

After at least. 1 week cooling, the quarts ampoules v/ere clea-
ned v/ith nitric acid, and scouring powder, and finally rinsed with
v/ater. The vials were opened, the rock powder (0.5 g) transferred
to a new nickel crucible containing 10 rag Ir sponge, and covered
with 10 g sodium peroxide. After fusion, the melt wa3 cooled, and
disintegrated with water; 30 ml HOI 12 N wao carefully added and
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the total volume brought to 100 ml with water. Иге solution war. '

heated in the presence of 1 ml hydrogen peroxide in order to oxi-

diae Ir to the valency IV. After cooling, the solution waa trans-

ferred to a small DQWOX«1X8 column, pretreated with 50 ml IIC1 0.5 H

containing a few drops of HgOg» Л dark brown band of Ir(IV) formed

at the top of the column. The resin was washed with ИС1 0.5 И (ty-

pically 2000 ml)., and then with water (typically 250 ml), until no

further activities were eluted. She eluateo were discarded to the

radioactive waste. She resin was extruded and boiled in the presence

of 35 ml HOI 8 H + 1 g hydraainhydrochloride, until the brown

Ir(IV) chloroconiplex had disaijpearsd from the resin. The resin was

collected in a filter paper, and subjected to a second batch extrac-

tion. The combined filtrates were evaporated after adding 10 mg Si

carrier. The residue was taken up in 30 ral cold water, and SiOg

immediately filtered, washed with 1$ ИС1 and discarded (contains
2 3 3

Pa, 1Ö2ïa, 95Zr-95lJb ... activities). The filtrate was evapora-
ted to less than 5 ml, and transferred to a standard counting vial
for counting with a Go(Li) detector.

In several oases, the decontamination was not yet sufficient
at this stage, requiring a second ion-exchange separation and/or
SiOg scavenging. The chemical yield was determined by reactivation
of an aliquot of the final solution, spotted on very pure titania.
Yields were typically ca. 60$.

The elutions are somewhat time-consuming, and less elegant
than the fire-assay separation described by Greenland et al. (5).
Several samples can, however, be treated simultaneously, without
constant attendance being required and without special oquipnont.
Even after two anion-exchange separations, the final Ir fractions
were not radiochemically pure, the main contaminants usually being
2 6 1 18l 12* 60P̂ Ŝ . i LP, ii(w 1 « . , ос ос 1R1 124. . 60*.O 5
Pa(Th),

 4 b
Sc, 11ümAg, 1 5 1I(U), 9!>Zr-yi>in), ltJ1IIf, '^Sb, DUCo,

3Ta, ^°Pe and some othors. Ce(Xi) gamma-ray spectromotry or
coincidence counting is therefore req.uired; in *he ^ | J e r c a s c»
the counting time was typically 12.to 15 hours. The ^Pa contani-
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nation is particularly annoying for the * Ir counting, because of'

ita photo peaks at 300.2 and 311.9 keV, but can considerably be

reduced by a SiOg scavenging.

Results aro summarised in tho last lino of Sable II. ïhe data

for DT3-1 and l'CC-1 agree well with those from all other authors.

Por the other silicato rocks, our results tend to bbnfirm the lot/

concentrations reported by Greenland et al. (5) and -Anders et al.

(19). Our data for Б0Я-1 aro not very reproducible (sample hetero-

geneity?); this is also apparent from the results of Jbadera et al.

(19). The high values of ref.(9) have already been discussed by

Greenland et al.(5) i a possible cause is the long half-life of
192

Ir, which can give rise to radioactive contamination problems,

as indicated by Kimberlin et al.(24), for instance. ïhe discrepan-

cies might also be caused by extreme sample heterogeneity with

respect to Ir at the sub-р.р.Ъ. level, but the present limited

amount of data does not permit such a concluoion to bo drawn.

In the present work, special attention was paid to tho conta-

mination problem. Samples v/ere talcen from freshly opened U.S.G.S*

bottles, and immediately sealed in carefully cleaned quartz tubes.

Only new crucibles, glass ware, ion-exchange coluans, etc. were

used in the chemical treatment following irradiation. Moreover,

a number of unirradiat id. rock samples were carried through the ra-

diochemical procedure, and the separated Ir fractions counted for
lop

65 hours : no Ir could, however, be detected, implying that no
192

radioactive
 J

 Ir contamination had occurred. Por each irradiation

series, the Ir standards (50 ng Ir) were processed only after the

samples had been completely finished, to 'minimize the risk of con-

tamination*

ВДШЕБ1ШШВ RADIATION DETECTORS J?OR NEUTR01Ï IRRADIATED

PLATINUM AND 0SKIUM.

Talcing into account natural isotopic abundances, activation

cross sections, decay schemes and half-lives, it appears (5) that

the analytically most interesting radionuclides, formed upon neu-
1OQ 197

tron activation of Pd, I>t and Os are 13.47 h yPd, 18 h ""Pt and

15.0 d . Os. It is often advisable to епозе gamma counting, because



of its greater specificity as compared to beta counting, thus requi-

ring less radidchomical purity of the separated fractions* The fact

that low-energy photons ov X-rays dominate the gamma spectrum of

neutron-irradiated Pd, 3?t and Oo, makes it quite worthwilo to con-

sider which detector is best suited.

Instead of using th© "minimal-Q criterion" as a figure of me-

rit for the detector (25)» it was decided, for reasons summarized

elsewhere (1.4), to rely upon criteria described by Currie (26).

The. working expression of "limit for quantitative determination "

I Q ("paired observations") was considered the most appropriate

for the present purpose :

Ь* fs 50[1 + (1 + 0.08 p^r] (counts) (1)

where L- м minimal number of counts due to the radioactive source

which will havo a fractional standard deviation of 10$

(duo to counting statistics) when recorded by means of

a counter with a background of ̂  counts in the шат©

time.

Although this formula was derived for integral countings, it will

be applied here to a photo peak upon a continuous background (na-
22

trral background or some interfering activity, here 4.7 ;iCi ITa).

The statistics of decision, detection and determination (26)

apply directly to the observations (activity) rather than to the

rinderlying quantity. Statistical conclusions drawn in terms of the

net signal may be extended to the related physical quantity by

means of a calibration factor, e.g. i
Q
 = f L , where f is expres-

sed in jug/count, '-̂he factor f was experimentally determined by

irradiating a known amount of the element.

The following detectors were considered : a 7.62 cm x 7.62 em

ïlal(Tl) sointillator (window 0,5 mm stainless steel), a coaxial
Ge(Id) detector (efficiency 7.6^'relative to a 7.62 ca x 7.62 cm
Wal(Tl) crystal for б 0

Со; ВЙНИ 2.2 keV at 1332.5 keVj'Al window),

a 2.5 cm x 0.2 cm Eal(Tl)"wafer" (window 0.2 mm Be), and a planar

10 mm x 5 mm Ge(bi) low-energy photon detector ("LEPD", window 0.13

mm Be), described in detail elsev/here (27). • .

The following irradiations were performed : 35 ug Pd, 340 jig.

Pt and 160-jjg-(m.)
2
0eCl

6
, all "specpure" quality (Johnson-iMatthey),
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for 5 hours at 5.10 n.cra*" .s** , The radioactive sources were coun-

ted аз oloso to the detectors aa physical) J.y possible, ca. 12 hour.*;

after' irradiation .for Fd and Pt, and 5 weeks after irradiation for

Oo.
Alternatively, the samples were counted in the inaeaiate pre-

22
senee of a 4.7 ̂ Oi Na source, at eueh a distance from the detector

that the multichannel analyser fractional dead time did not c::eeed

100. The Nal(Tl) detectors were coupled to a 400-chonnel analyser

Intortechnique SA-40, and the Ge(!»i) detectors to a 400Q-chsnncl

analyser Didae.

Detailed results for I'd are shown in Table III. In the eaoc of

radioeheraieally pure, fractions, counting of the Ag X-rays with a

thin ITal(Tl) crystal, having a Be window, is clearly the bast choicet

the efficiency is high, and th© background lev/, resulting in lU^in&i

this is a factor of 60 bettor titan a conventions! &е(3л) doteetor,

bu* also a faouor of 25 more favourable than the 7»62 ea x 7*62 ем

Nal(ïl) crystal. For the latter tv/o d©teet©rs the ea. 22«keV As X-
rays cannot penetrate the window. She nest best ehoise Is the ЪШ),

The limit for quantitative determination beconss considerably

worse when counting the sample in the presence of hlgh-enorgy gamna

emitters, such as ITa. (Table III, last co3.unm). Ehe deterioration

is less pronounced with the ЬЕРЮ, and the data show that the latter

is superior for instrumental activation analysis, or after incomple-

te radiocheraical separations (not radiochemically pure soureea).

This effect would have been even nore pronounced with a otron^cr

interfering source.

Similar conclusions can be dravm for ^'Et and ^ Oo ((Dable ÏV)«
Another obvious advantage of the LBED is ifcD superier rcoolution,
as compared to. all the othes* deteotorp eonoidercd (Pige3* 4 and 5).
3?lG.3 shows a complication in LBPD spectra of very low-enorgy coi'jna
emitters, namely Ge X-ray escape реакв. Pig.3 glveö also evidence
for fluorescence X-rays in the Pd sample, caused by Ag l^X-ray»
(from 1O'9Pd-1O9mAg), as could bo confimed by diluting the cample.
This implies that samples and standards should have the same physi-
cal and chemical foxm, when counting X~rayg following ft"decoy,
in order to avoid .systematic errors.
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TABLE I .

Iridium contents In perldotito roclco and

high-furnace slags (in р.р.Ъ.)

Sample

Peridotite rocks
PCC-1 (a)

SAL-91 (Ъ)

SAb-93 (b)

High-furnace s lags
1

2

3

4

3>B

1Ш;

KD;

1ГО;

137
140

26

Ш Л А
192 I r j W )

6.7
3.8

5.0

HD; 1ГО

HD; 1ГО

1Ш '

; 140; 153;

; 134

; 2 8 ; 32

•

(

0.4;

0.9;
0.6;

295

Ю1ЛА*
1 9 2 I r )

7.1
3.6

5.0

0.6; 0*5

0.8

0.1

132; 163?
—.

24; -

Sadiochemical separation performed on same sample of

coincidence counting (instrumental analysis).

(a) Sample from Guano Valley, bake County, Oregon; U.S.G.S. stan-

dard rock; for results Ъу other authors, see ТаЪ1е II.

(b) Samples from Island of Sal (Capo Verde Archipelago), taken Ъу

. P.De. Paepe, Geological Institute, University of Ghent, Belgium.

ND .: not detected

- t not determined.
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TABLE II.

Iridium in U.S.G.S. standard rocks (in p.p.b.).

Granite
G-2'

_

17.7
0.12(2)

—

0.07
—

ND

0.005;
0.009;
0.028;

0.039
-

— •

0.003;
0.007;

0.007

Granodiorite
GSP-1

1.1
-
—

é0.16
-.

6; 3;
2; 3
0.005;
0.009;
0.012

—
-

0.021

Andooite
AGV-1

0.7 .
-
-

, •

£0.20
-

5; 3;
5; 9
0.003;
0.004;
0.006;

0.029
—

• —

—

0.007;
'0.007
...

Basalt
BCR-1

<0.1
1.1
~

0;012;4.0;

•™ V л U D » ™ U * W-J i

0.007

<0.1

э» '»
KD; 1Ш

0.002;

0.004;

0.005;

0.006

-

—

—.

0.003;

0.20

Bunite

MS-1

0.5
-

—

0.56

—

О.б;О.б;

0.6;0.3

0.34 to

4.5(14)

(0:1.12)

-

0.5;1.5

-

0.65

Peridotite

PCC-1

6.6

-

—

5.7
• • -

2; 8;

4; 5

2.6;

2.8;

3.6;

3.1
5.6; 5.4

6.6; 6.7

6.7

4.2; 7.1

• Htff.

17

7,
18

19

20

21

22

5

23

4

(a)

(b)

All results "obtained Ъу neutron activation analysis» except ref.(17):

spark source mass spectroraetry. '

Between braclcetos number of analyses.
 ;

ND « not dotected.

(a) : this v/ork, instrumental determination via pyy-colncldence

. counting, cf. Table I.

(b) : this work, after radiochemlcal separation.

Nal

7.6

(*>

s
в
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Counting of 'Pd with variouo gamma detectors (*).

Detector

Ge (И)

ЫЗИ)

Ge(bi)

coax.

Ж Е (И.)

wafer

Nal(EL)

7.0x7.бега

Radiation

measured

Ag К
л
 Х

88.0 keV

88.0 k©V

Ag X

88.0 keV

88.0 keV

Pd

on top

S

38600

4200

10000

•.

612000

71700

45600

alone

of detector

В

7
14

18

16

9

200

0.10

1.02

0.45

0.007

0.056

0.20

3?d + 4t.7 fid
so that PDÏ

S»

37500

4200

650

25800

1960

400

B»

4200

2200

9000

10800

18300

22700

• •

22JJa

0.90

5.96

75.0

2.06

35.4

190

ш
 Q_

m
Q

8.9

5.8

167

286

632

970

( ) 35 P-B 2<i, irradiated for 5 hours at 5.10 n.em .s" ; counted

for 5 rain., 12 hours after irradiation.

S = net number of counts per 5 min. under peak specified in column 2

В = number of background counts per 5 min. in same energy range

H1Q= micrograms Pd which can Ъе determined quantitatively (-
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197Counting of .-"
SJABEE iv.

1Q1 #

and
 v
 Os with various gamma detectors ( )

Detoctor

•

Ge(Li)

ШБЛ

Ge(M)

coax.

lTal(ïl)
wafer

ïïal(Tl)
7.0x7.бет

Hadiation

measured

77.7 keV

<
19
?Pt)

77.7 keV

+Ir,Pt|Au',

ng

K^ X-rays

77.7 koV

+Ir,Pt,Au,

He

X~rays

77.7 keV •
+Ir,Pt,Au,
и»
Hg

X-rays

197
p t

m
Q
 a f

Q

4.6 27.4

2.1 257

0.15 57.5

0.49 422

. . ...

*Q

6

122

3S3

861

.0

Radiation

measured

129.4 keV

Ir, Re K^

129.4 keV

Ir,Ee X

129.4 keV

Ir,Re X

129.4 keV

•

191

2.1

5.0

0.94

0.91

0.086

0.30

0.41

0.63

Os

14.4
33.2

149

113

25.3

144

226

635

.

6.9
6.6

158

124

294

400

551

1079

(*) 340 ug Pt, and 160 jig (1IH^)
2
0SC1

6
, irradiated for 5 hours at

5.10
11
n.cnf

2
.s'"

1
, counted for 5 rain., 12 hours (Pt) or 3 weeks

• (Os). after irradiation.

in
Q
, m'

Q
 : cf Sable III.
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LIST OP FIGURES.

Pig.1

Pig.2

Pig.3

Pig.4

Pig.5

Set-up for triple gamma coincidence counting of

Ш « high voltage supply; Pb s load shielding;

1 Ш а HaI(0!l) detector; PM s photomultiplierj

PA e preamplifier; AMP я amplifier (double delay line clipping);

РИА. = pulse height analyzer; TD = timing discriminator (cross-

over pick-off); СОПГС = fast coincidence module;

SCAIi s sealer; TIM = timer; MCA = multichannel analyzer.

ïriple gamma coincident spectrum of 1 g high-furnace slag,
containing 28 р.р.Ъ. Ir, irradiated for 6 hours at 5.10 n.

c m . в and counted during 20 hours, 20 days after irradia-

tion. Channels II and III gated at 0.3 KeV (Hg.1), channel I
124this allows the
124.

Sb interferencegated from 0.1-1 MeV :

to be detected.

Gamma spectrum of °Pd- °
m
Ag, taken with the low-energy

photon detector (LEPD). 35 wg Pd, irradiated for 5 hours at
1 1 i-2 —1

5.10 n.cm" s" | measured for 5 minutes against the Be win-

dow, 1 day after irradiation.

Gamma spectrum taken with the EEPD. 340 jig It, irradiated

and measured in the same conditions as Pig.3»1 9 1
Pt,

1 9 5 m
Pt,

 1 9 9
A u ) .

Gamma spectrum taken with the IEED. 160 jug

irradiated and measured in the same conditions as Pig.3,

except that the cooling time was 3 weeks,

s, Os, some

80

40

90

20

10

f

Act

-

-

-

-

40
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I r 1 9 2 0.3 Mev

Sb124 0.6 Mi»
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with 10 g sodiun peroxide. After fuoion, "men
disintegrated with water; 30 ml HC1 12 N v:aü carefully added cüi
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