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Abstract—Antimony compounds were irradiated with neutrons and the distribution of radioactive
Sbi®* and Sb'™ between the tri and pentavalent oxidation states determined, after dissolving the
samples in either fused potassium hydroxide or concentrated hydrochloric acid. The results suggest
that the new species reach their final oxidation state in the crystal, either during, or a short time after,
irradiation. In addition, the results show a linear refation between the composition of the aoxide and
the percentage of radioactive Sb(v} similar to that obtained by other workers with arsenic oxides.

THE results of several other workers™® on the distribution of the radioactive arsenic,
formed by the (n, ¥) processes on arsenic oxides, indicate the importance of carrying
out similar studies with antimony oxides.

Antimony, having similar properties to arsenic, forms three oxides commonty
written as Sb,0j, SbyO, and 8b,0;. The irradiation of antimony gives the radio-
isotopes '22Sb and '8b, of known characteristics.®

EXPERIMENTAL
A. Materials

The irradiated antimony compounds were the three oxides and potassium antimoniate.

The oxides used were Sb,O, and Sh,0, of “pro-analysis™ grade, and 5b,0, of spectroscopic
purity. They were used without further purification; the 8b,0, was supplied by Johnson and Matthey
(London, England).

In order to check the crystailographic identity of the oxides their X-ray diffraction paticrns were
measuved by the powder method, using a conventional X-ray machine and identified by the ASTM
data.'®

It was established that the irradiated Sb,0, corresponds to the senarmontite structure.'*” The
S$b,0, commonly known as antimony tetroxide is considered to be SbSbO,, ' and its X-ray patterns
agreed with the reported data.'® The two irradiated pentoxides (Fisher Scientific and K and K
Laboratories) did not have the same structure, as was indicated by their diffraction diagrams.
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The amounts irradiated were sbout 150 mg. s difficult to obtain the oxides perfeetly free of
moisture. The oxides were sccordingly oven dried at 120°C for several hours, and stored at room
lemperature /i vacuo, in the presence of silica gel. The samples were sealed in racue in quartz or
Pyrex ampoules and then trradiated.

Another compound irradiated was thecommercial analytical grade “potassium pyro-antimeniate”.
The formuhg K&b (OH), has been assigned to this compound. 2" The samples were first submitted
to the following treatments.

{A) One pair was heaied at 285" for 20 hr, washed with ether and then heated to 2857 for 48 hr.

These samples were again heated 10 500° for 20 min in secuo in the ampoules before sealing off.

(B) Another pair were heated at 285° for 24 hr and then sealed in their ampoules;

(C} a third pair were heated al 130° for 24 hr before irradiation.

B. Irradiations

The samples were irradiated for 4 min at 36% in the PRNC nuclear reactor, with a neutron flux
of 102 cm~9 sec?.

C. Chemical pracedures )

Immediately or 24 bir after irradiation, the samples were dissalved in fused KOH in the presence
of an appropriate inactive carrier, the solution was made 6F in HCL, and the Sb(V) extracted by
shaking witk 1sopropy! ether, in the presence of MgClL."" The samples were in contact with
fused KOH for 4-1 min and then imimcdiately cooled in ice.

Since 55,0, contains both forms of Sb(TH) and Sb(V), no carriers were added for the separation.
The Sb,(2, and KSb{OH), were also dissolved in concentrated HCL at 60°C.

D. Measurements and radiocheniical Py

The samples in acid magpesium chloride solution and in the ether solution were placed in
calibrated polyethylene or Pyrex Lubes and measured in a Nal (T1) well crystal coupled to a
muitichannel analyser.

After the short lived isomershad decayed, the long lived isomers T32-8 days and 7360 days of 1735
and '%:5b were measured. In the analyses the gamima peaks of -57 and 0-69 MeV for 'Sb, and of
0-60 and 1-69 MeV for !#8b were measured. The radiochemical purily was confirmed by following
the decay. Since there is overlapping of the photopeaks at 0-57 and 0-60 MeV, these were resolved
by following their decay rates, and then substracting the extrapolated 60 day activity of the longer
isomer.

RIESULTS AND DISCUSSION

Table 1 shows the distribution of the radioactive *2Sb and 1238b as Sb(IIT) and
Sb(V}.

The yield of Sb(V} in both samples of irradiated antimony pentoxide was the same
and showed no apparent effect of their different structures. The distribution of 1228§b
and #18b in the pentavalent state is essentially the same for all the compounds studied,
within the experimental error. No isotopic effect is found in the chemical state of the
two radioactive species, in agreement with the published data, 22

No difference exists between samples processed immediately or 24 hr after irradi-
ation. Therefore, the isomeric transition #3Sb T, 21 min presumably does not bring
about an increase in the yield of the higher oxidation state.

The results for $b,0, showed nearly 99 per cent retention, in agreement with
previously published data." ' Retention in Sb,0j was low and the yield of the penta-
valent state in Sh,0, was that expected for an equimolar mixture of $b,0, and Sb,0;.
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10 N V. Sinawick, The Chemical Elements and their Componnds, Yol. 1. P. 788. Oxford (1950).
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Distribution of radivactive antimony formend by neutron captare in antimony compaounds
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The fusion with KOH {at 360°C) apparently did not change the distribution between
the two valence states as may be seen from the results of disselving Sb, (4 in concen-
trated HICL 1t folfows that the majerity of the radioactive Sh atoms reach their final
oxidation stats in the crystai Jattics immediately after the nuclear process or possibly a
short time after the practicle has Jost its Kinetic cnergy.'® In terms of anncaling, the
fact that there is nc change in the retention muay be due to the short time at the high
temperature in the mele. In additien. reaction between the sample and solvent must
alsa be considered. singe this can impede the recombination of recoil atoms with the
“crystal vacanctes”. The ncutralization is a rapid reaction. In addition the high
concentiration of O i the fused KOH, will accelerate lattice degradation, via the
intermediate formation of pelvanionic complexes.1¥ 1t must also be remembered
that the vacancies cocur a3 dilite imporities in the irradiated compounds.

The rosults for pretreated samples of KSB(OH), suggest that the presence of the
OH group in ihe irradiated molecule leads to a greater yield of the higher oxidation
state. The low yield 1 case | A) can be attributed to the Joss of water {frem the com-
pound. The regults in case (C) nre o agrecment with those recently published.!'®

It has been suggested that a lincur relation exists between the yicld of pentavaient
radicactive arcenic and the ratio of cxygen atums Lo arsenic atoms in the compound
ircadiatod with neuérons. ™0 A similar relation seems to hold for the radioactive
pentavalent antimony formed in the iradiation of simple antimony compounds.
(See Fig. 1. This Hnearity, us in the simifar case of radicactive arsenic, indicates that

un L Avewrtetd and T, MOFLLER, J. Chewr, Sduc. 11, 219 (1943)




762 J. F. Facrrn

% | SbY
40
KSbo 4
3o~
$5,0,
20 -
Sk, O,
10 -
Sk, 0,
' 2z 3 4 0/5t

Fic. 1.—Yield of SB(V)(%) vs oxygen to Sb ratio.

the oxygen content of the compound is the main factor in determining the distribution
of the radioactive antimony between the tri and pentavalent states. A significant fact
was that the results for KSb(OH), submitted to pretreatment (A) fall on the linear
relation at 4 point corresponding to the hypothetical KSbO,,
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