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SEPARATION OF 105Rh FROM RUTHENIUM TARGETS – A COMPARISON 
OF TWO METHODS

Seweryn Krajewski, Ewelina Chajduk, Aleksander Bilewicz

105Rh, among many other  –-emiters like 177Lu, 47Sc 
or 188Re, is an attractive candidate for targeted 
radionuclide therapy of small tumors and tumor 
metastasis. Carrier-free 105Rh demonstrates a num-
ber of desirable radionuclide characteristics: high 
specific activity, low gamma emission (0.319 MeV), 
decay half-life of 35.4 h, high linear energy trans-
fer and emission of soft  –-particles (0.560 MeV – 
70%, 0.250 MeV – 30%). 105Rh can be produced 
either by neutron irradiation of 103Rh in two con-
secutive (n,!" reactions or by separation from fis-
sion products of 235U. However, sufficient specific 
activity cannot be obtained in these processes. The 
indirect reaction using ruthenium metal target is 
the most common and effective procedure for 105Rh 
production:

104Ru(n,!)105Ru 4.44h###$  105Rh +  – + !

The only disadvantage of this method is in forming 
radioactive by-products, 97Ru and 103Ru, which have 
to be separated during rhodium purification [1].

Various chemical properties of 105Rh favour its 
separation from ruthenium target. In an acidic en-
vironment and in the presence of strong oxidants, 
ruthenium oxidizes to RuO4 which can be easily ex-
tracted by CCl4. Under these conditions, rhodium 
oxidizes to +3, the most stable oxidation state, and 
remains in the aqueous solution. At first, chlorine 
had been used as the oxidant, but due to its toxic-
ity other chemical reagents were tested and finally 
potassium metaperiodate was selected [2].

The aim of the study was to compare two 
methods of 105Rh separation, used at the Centre 
of Radiochemistry and Nuclear Chemistry, in or-
der to select the easiest and most effective proce-
dure giving the highest radiochemical purity, yield 
and activity at the lowest concentration of stable 
ruthenium. 

The first method (solvent extraction) evaluat-
ed in this study was originally elaborated in this 
Centre, where it has been commonly used for re-
search purposes [3,4]. Novelty of this method is in 
the application of H5IO6 (orthoperiodic acid) as the 
oxidant instead of potassium metaperiodate which 
was the source of the unwanted potassium cations 

in the solution. 105Rh was obtained by neutron ir-
radiation of ruthenium salt, (NH4)2[Ru(H2O)Cl5], 
for 55 min at a neutron flux of 1014 n·cm–2·s–1 in the 
MARIA reactor at Świerk, Poland (Fig.1A). Next, 
the salt was dissolved in 5 ml of 1 M HNO3 solu-
tion containing 200 mg of H5IO6. Then, 5 ml CCl4 
was added to the tube and heated at 70oC for 20 
min. After cooling, the content of the tube was 
moved to a separatory funnel. The organic phase 
containing RuO4 was discarded and the aqueous 
phase was transferred to a crucible. The solvent was 
evaporated and the remaining precipitate was dis-
solved in 2.5 ml of 1 M HNO3, and evaporated 
again. Subsequently, a portion of 2 M HCl was 
added to the crucible in order to reduce the H5IO6 
to iodine, according to the reaction:

2 H5IO6 + 14 HCl 120 C###$
 

 I2%  + 7 Cl2%  + 
12 H2O%

As all the reaction products are volatile, the only 
solid residue in crucible was rhodium. The residue 
was repeatedly dissolved in HCl, in a manner of 
descending molarity, and evaporated to final dis-
solution in 300 &l of 0.01 M HCl (Fig.1B).

The second method of 105Rh separation from 
ruthenium target (adsorption) was originally de-
veloped at the University of Missouri, and was 
used in the Centre of Radiochemistry and Nuclear 
Chemistry according to a modified protocol [1]. 
The method is based on the property of rhodium 
to either adsorb on a surface or co-precipitate 
with hydrous MgO. 15 mg of metallic ruthenium 
was irradiated for 55 min at a neutron flux of 1014 
n·cm–2·s–1 in the MARIA reactor (Fig.1C). The ir-
radiated ruthenium sample was dissolved in 4 ml 
of 50% NaOCl (sodium hypochlorite; active chlo-
rine concentration being a minimum of 50 g/l) and 
the mixture was stirred at room temperature for 
30 min. While stirring, 100 &l of 0.1 M MgCl2 was 
added into ruthenium solution and 2 ml of 2 M 
NaOH at the end of mixing. Subsequently, the 
Mg(OH)2 suspension containing adsorbed 105Rh 
was filtered through a 0.4 &m teflon foil and wash-
ed twice with water. Afterwards, the precipitate 
present on the foil was dissolved in 6 ml of 0.5 M 
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HCl, and then the solvent was evaporated. Finally, 
the solid was dissolved in 300 &l of 0.01 M HCl 
(Fig.1D).

At every step of purification, a 2 to 5 &l sample 
was collected and measured for 5 min using a mul-
tichannel analyser Tukan combined with a gamma 

radiation Ortec detector, model 401A BIN. Eva-
luation parameters for both methods, e.g. radio-
chemical purity, purification yield and obtained 
activity were calculated from the collected data. 
The last evaluation parameter was the concentra-

tion of stable ruthenium, which was determined 
using an ICP-MS instrument. The obtained results 
are summarized in Table.

Generally, both methods studied require ap-
proximately 3 h for a complete separation of 105Rh 
from the ruthenium target. The first method, how-
ever, proves more labour consuming when the num-
ber of steps is considered. The total costs of the 
target and reagents used are similar. Though both 
procedures produce equal volume of liquid wastes, 
the amount of toxic fumes emitted (e.g. chlorine, 
iodine and ruthenium tetraoxide) is greater for 
the extraction method. Radiochemical purities of 
the obtained samples are comparable. However, 
the first method is better in some respects: spe-

cific activity is higher and the concentration of sta-
ble ruthenium is two times lower. The presence of 
Mg2+ (2.4 mg) in the obtained 105Rh solution is an-
other disadvantage of the adsorption method.

An unequivocal selection of superior method 
is difficult because both procedures exhibit some 

advantages and disadvantages. In our opinion, the 
extraction method is more suitable for low-scale 
laboratory usage. The adsorption method offers 
its applicability for a large-scale isotope produc-
tion, due to elimination of the RuO4 formation 

step. In addition, enriched 104Ru target (99.08%) 
is commercially available, therefore generation of 
radioactive by-products can be limited, as it was 
reported by Jia et al. [1].
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Irradiated material Radiochemical 
purity [%]

Yield of purification 
[%]

Activity 
[MBq]

Activity obtained on 
1 mg of Ru [MBq]

Stable Ru concentration
[ppm]

(NH4)2[Ru(H2O)Cl5] 99.78 81.87 5.6 1.2 3.04

Ru(metal) 99.26 85.98 12.7 0.8 6.74

Table. Summary of the evaluated parameter values.

Fig.1. Gamma-ray spectrum of irradiated ruthenium salt dissolved in 1 M HNO3 (A) and its final dissolution in 0.01 M 
HCl (B), irradiated ruthenium metal dissolved in 50% NaOCl (C) and its final dissolution in 0.01 M HCl (D).


