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Resonance Neutrons in the Activation Analysis of Gold*
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Thermal neutrons are eliminated in activation analysis of gold. In the case
of analysis of biological material the application of resonance neutrons enables
the selective activation. In the case of cadmium telluride the error caused by
neutron self-absorption is diminished by this way.

Up to now not enough attention has been given to the possibility of influencing
favourably the distinguishing of the determined element already at the activation
process itself. Such favourable influence can be brought about by selective activation
using resonance maximum of activation cross section.

D. C. Borg and his associates [1—3] used selective activation in nondestructive
manganese determination in biological material with very good results. During
reactor activation they eliminated thermal neutrons by cadmium absorption, the
lower energy resonance neutrons by boron absorption.

The next important aspect of the use of spectrum of resonance neutrons is the
neutrons use in high activation cross section for thermal neutrons for material
analysed, mainly in the analysis of samples containing cadmium. In such case it is
advisable to eliminate thermal neutrons. The contribution of the specific activity
of determined elements induced in the sample by thermal neutrons, could not be re-
produced at different dimension of samples. This could otherwise become a source of
error in the determination of the samples content of the given element.

From research performed in this field to date F. Baumgértner [4] should be
mentioned. This author proved experimentally that the specific activity of chlorine
(in its determination in cadmium sulphide) practicslly equals not only the activity of
the sample but also of the standard, assuming the activation is being done in cadmium-
-covered material (sample and standard).

The authors of this paper have been up to now mostly concerned with the deter-
mination of gold using selective activation. The cross section of the reaction of
197Au(n, v)!%Au shows a high resonance maximum at neutron energy of 4,906 eV.

Experimental

Determination of gold in biologicul material

Gold determination methods in biological material is of a practical importance in
medicine, mainly in the evalution of colloidal gold or gold-containing drugs distribution.
The authors attempted to develope a nondestructive method based on selective acti-

* Presented at the Conference on Radiochemistry in Bratislava, CSSR, September
6—10, 1966.
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vation and integral measurement of gamma activity. Selective activation in the nuclear
reactor core was performed by elimination of thermal neutrons using a 0.05 cm cadmium
foil.

It was shown [5] by calculation that this particular cadmium filter thickness eliminates
thermal neutrons with a 99,67 9, effectiveness. It was proved experimentally that the
ratio of the gold specific activity to the sodium specific activity (as well as other 1/v-
-absorbers) is six times higher than in the activation of bare samples in identical irradiation
positions.

The absorption cross section of gold being relatively high, the question of a possible
error caused by neutron flux perturbation inside the gold containing sample has conse-
quently arisen. The perturbation of neutron flux is caused mainly by self-absorption inside
the sample. (Detailed analysis of this perturbation has been described in the above cited
paper [5].) However, it could be stated that the role of the neutron scattering in the sample
and of the neutron flux depression in the vicinity of the sample (which are effective in the
presence of thermal neutrons) is in this case negligible, the cadmium ratio at the given
filter thickness being 1.005.

Fig. 1 and 2 will describe the relation of the neutron flux perturbation factor I’ to the
samples radius r for human soft tissues and bone-tissue. When activating without Cd-foil
(Rca = 2.450), the thermal neutrons perturbation factor Fr [5] is not negligible — curves 4.
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Iig. 1. Dependence of neutron flux pertur- Fig. 2. Dependence of neutron flux pertur-
bation factor F on sample radius r for bation factor F' on sample radius r for

average human soft tissue. human bone tissue.
1. for resonance neutrons (Rca = 1.005, For description of curves see Fig. 1.
concentration of gold is 0— 100 ppm.);
2. for resonance neutrons (Rca = 1.005,

concentration of gold is 1000 p' m.); 3. for
resonance neutrons (Rcq = 2.450, concen-
tration of gold is 0 — 1C0 ppm.); 4. for
resonance neutrons (Rca = 2.450, concen-
tration of gold is 1000 ppm.); 4. for thermal
neutrons (Rca = 2.450, concentration of
gold is 0 — 1000 ppm.). F' = Fp in the case
of curves 1 —4; F = Fr in the case of
curve 4.
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The relations used for calculations of resonance neutrons are presented only:

NER
Jegs + TV% 0.44 o, )
_ 0 self-absorption factor for resonance neutrons
B™ 7 (J + 044 ag) Req only
no X, -
Teie = J (1 + —’L?t—L) the effective resonance integral
NE XS the ratio of average resonance neutron
NE =JXay> 2) density inside sample to the average resonance
neutron density at the site of the sample
prior to its insertion into the reactor (K. M.
Case [6])
' = the absorption cross-section for neutrons a velocity of whichis 2200 m/s,
J = the resonance integral,
Rey = the cadmium ratio,
v 9 = partial width for gamma emission,
r = total width for gamma and neutron amission,
X,, = 47/S = the average path of neutrons inside sample (V' volume and S surface area
of the sample),
2, = the average macroscopic absorption cross-section for nuclides in the
sample,
n = number of absorbing nuclides/cm? sample,
ot = total cross-section in resonance maximum.

Samples of rat blood were prepared for the determination itself. The samples weighed
approximately 0.1 g, their gold content varied. Activation was performed under the
above described conditions for 20 hours in a nuclear reactor in Rez. The activity of the
samples was measured by a scintillation counter at different times following activation.

The half life of the evaluated gold is 2.71 days. It could have been assumed that in
integral measurements of activated biological material of the relatively short lived
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I'ig. 3. The decay curve of the activated Fig. 4. The decay curve (I) of the gold
sample of blood containing 0.05 ppm Au. precipitate obtained from activated CdTe
(according the given scheme) in comparision
with the decay curve (2) of standard.
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radionuclides, radiosodium will play the most important role and of the long lived ra-
dionuclides, radiophosphorus.

The radiophosphorus (pure beta emitter) desintegration rate was reduced by copper
filtres of 2640 mg/em?® thickness. The individual decay curves and their decomposition
will be described now-.

The radiogold activity in the sample containing 5 ppm Au is predominant.

At 0.5 ppm concentration the decomposition of the decay curve enables the evaluation
of radiogold, radiosodium and radiophosphorus content in the sample.

At 0.05 ppm concentration (Fig. 3) the gold content in the sample can still be evaluated
by the analysis of the decay curve.

The many kinds of biological materials contain several times less sodium than blood.
Thus it can be assumed that the limit concentration for biological materials in the above
described method is 0.01 — 0.05 ppm. Preliminary experiments show that with the use
of gamma spectrometer it will be probably possible to determine the gold content in
biological material at a concentration one order lower than the above.

Determination of gold in cadmium telluride

The authors have been asked by the Mathematics and Physics Faculty of Charles
University in Prague, to develope a method for gold determination in cadmium telluride
by activation analysis. (The research department of this Faculty is working on a study of
gold diffusion in cadmium telluride.)

The aspect of self-absorption of thermal neutrons in the sample renders the problem
quite interesting. In the activation of a bare sample the error caused by self-absorption
of thermal neutrons according to the authors calculations would be 17.98 9%, (under the
assumption that the sample has a radius of 0.155 cm and weighs 0.1 g). By elimination of
thermal neutrons using a 0.05 cm Cd-filter this error is reduced to 0.15 %, only and can
be corrected by calculation. The presented results have been reached by calculation of
neutron flux perturbation the same as in gold determination in biological material.

Because a very complex mixture of radionuclides developes during cadmium and
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tellur activation in nuclear reactor, it was necessary to perform a chemical separation
and prove radiochemical purity of the specimen, on the basis of the decay curve.

In the first experiment following decomposition and addition of a carrier, gold was
precipitated by oxalic acid. It was obvious that the chemical separation was insufficient.

The result of the second experiment showed that by reprecipitation of the resulting
precipitate a product is obtained, the activity of which falls with the half life of about
7 days. This half life is responsible to radiosilver °®Ag which arises from cadmium by
(n, p) reaction (as has been proved by chemical experiment).

In the last experiment the separation of radiosilver in chloride form was included to
prevent the coprecipitation of silver in the final precipitate. Fig. 4 shows, that by this
way practically absolutely pure radiogold is obtained. The decay curve (sample) corres-
ponds in this case to the natural gold content in cadmium telluride. Gold was determined
through comparison with the desintegration rate of the standard. The concentration of
gold was 8.8 ppm.

Conclusion

The gold content of biological material with concentration limit of 0.05 ppm can
be determined by use of selective activation, integral measurements and decomposi-
tion of the decay curve.

In cadmium telluride the gold content can be evaluated by a method based on the
activation in the nuclear reactor core inside a cadmium foil, on a chemical separa-
tion consisting of three steps (metal gold precipitation, silver chloride precipitation,
additional metal gold precipitation) and further based on integral measurements of
gamma activity using a scintillation counter.

RESONANCNI NEUTRONY V AKTIVACNI ANALYZE ZLATA
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Pri stanoveni zlata v biologickém materidlu a v telluridu kademnatém neutronovou
aktivadni analyzou byly vzorky obaleny kadmiovou folii a vloZeny do jddra reaktoru.
Kadmiové folie eliminovala vliv tepelnych neutronw, takZe tvorba radiozlata 1%8Au
probihala pouze nédsledkem reakce s resonanénimi neutrony. Tim bylo u biologického
materidlu dosazeno selektivni aktivace a u telluridu kademnatého byla vylouena chyba
zplusobend samoabsorpei tepelnych neutront. Jako vzorkt biologického materidlu bylo
uzito krve s pridavkem zlata o rizné koncentraci. 0,05 ppm zlata lze snadno stanovit
nedestruktivné na zdkladé integrdlniho mséfeni aktivity gama aktivovaného vzorku
a rozkladu rozpadové kiivky. V pifpadé telluridu kademnatého bylo tieba provést che-
mickou separaci. Kromé dvojnédsobné redukce kovového zlata bylo tfeba zafadit separa¢ni
stupeni k odstranéni radiostiibra vysrdzenim ve formé chloridu. Ve vzorku telluridu ka-
demnatého bylo nalezeno 8,8 ppm zlata.
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PE3BOHAHCHBIE HENTPOHBI B AKTUBAIIMOHHOM AHAJIU3E 30JIOTA

3.IIpoysa, M. Pakosnu

Berepunapnslit uccienopaTeabCKuil eHTp,
Ilpara

HKagenpa BpauebHoit pusnku u AnepHoit MepuuitHel YHusepcuTera Hapaa,
Ilpara

IIpu onpepesieHny 30J10Ta B GHOJIOTMUECKOM MaTepuaJie M B TEJUIYPHUAE KaAMUA HedTpoH-
HBIM aKTMBALMOHHEIM aHAIM30M 00pasIbl ObLIN 3aBEPHYTH B KaAMIeBY10 GOIBIY M HOMEIeHb
B ApPO peakrtopa. Ilockonbky kammueBasa (OJbra yCTpaHMIIA BIAWAHHE TEPMUUYECKUX Heii-
TpoHOB, 06pa3oBanye Pafuo30y0Ta *#Au NpoMCcXoAuIOo TOJIbKO BCIEICTEHE B3aMMOMeicTBIA
¢ pe3oHaHCHBIMU HefiTponamu. TakuM myTeM ObLIO LOCTMIHYTO B GMOJIOTHYECKOM MaTepuaie
CEeJIEKTMBHOE aKTMBMpPOBaHNe, a JJIA TEJUIYPUA KAIMMA yCTpaHuIach omnbKa, BE3bHIBaEMaA
CaMOTIOTJIOlIeHeM TEPMUUECKUX HelfTpoHOB. B KauecTBe 0Gpasia OMOJIOrYECKOro MaTepuana
MCIOJIb30BAIH KPOBb, B KOTOPYIO NpuGaBIANOCH 30JI0TO B PA3JIMUHBIX KOHIEHTPALMAX.
0,05 ppm 3010TA MOMKHO JIETKO ONPefeJNTh 0e3 paspyleHna 00pasia ¢ TOMOIbI0 HHTErPalb-
HOT0 M3MepeHMA raMMa-aKTHBHOCTH AKTUBUPOBAHHOro 00pasla M pPa3losKeHHeM KpHBOIl
pacnaga. [aA Temaypuaa kagMuA HeoCXonMMO MPOM3BECTH XUMHMUYecKkoe pasfeineHne. Hpowme
IBYXKpPAaTHOr0 BOCCTAHOBJEHUA MCTAIIMYECKOro B30JI0TA, HEOOXOAMMO OHII0 BKIIOUUTH
PasAeNNTeNbHYI0 ONepauuio AJA ycTpaHeHUA pamnuocepedpa OcamkjeHHUEM B BUJIe XJOPHU/A.
B ofpa3ue Teaaypuaa KagMusa Hawuu 8,8 ppm 30J0Ta.

ITepeseaa T. Jurauneeposa
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