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efficient method for production of 47Sc has been 
elaborated.

The irradiations of the TiO2 target (2 mg of en-
riched 47TiO2: 46Ti – 4.0%, 47Ti – 65.8%, 48Ti – 26.8, 
49Ti – 1.8%, 50Ti – 1.6%) were performed by fast 
neutron irradiation at a neutron flux of 2-3 x 1013 
n·cm–2·s–1 for 10 days in the nuclear reactor Maria 
at Świerk (Poland). After irradiation, the TiO2 
target was dissolved with gentle heating (70oC) in 
0.05 ml concentrated HF. The obtained solution 
was diluted with H2O to obtain 1 M HF (Vf = 1.0 
ml). The dissolution process was relatively fast 
(2-4 h) and after dilution of the solution to 1 M 
HF we obtained dissolved target in the chemical 

form well-suited with a simple purification proce-
dure based on different stabilities of Sc3+ and Ti4+ 
fluoride complexes. 

Separation procedures based on ion exchange 
and cation exchange resins were investigated. The 
separation scheme is presented in Fig. In the first 
anion exchange column Dowex-1x8 the TiF6

2– and 
47ScF4

– were adsorbed on the resin bed. 47Sc was 
then quantitatively eluted using 0.04 M HNO3 + 
0.06 M HF solution. For purification, the effluent 
was evaporated and dissolved in 0.1 M HNO3. 
Afterwards 47Sc was adsorbed on the cation ex-
change column Dowex-50Wx4 and then eluted in 
the 5th 1 ml fraction using 0.01 M ammonium ace-

tate. The obtained 47Sc was chemically and radio-
chemically pure and ready for labelling.

For the labelling test, the following linear and 
cyclic polyaminocarboxylic ligands were selected: 
diethylenetriaminepentaacetic acid (DTPA), 
glycol-bis(2-aminoethylether)-N,N,N ,N -tetra-
acetic acid (EGTA), deferoxamine (DFO) and 
1,4,7,10-tetraazacyclododecane-1,4-7,10-tetra-
acetic acid (DOTA). Labelling of DOTA-octreo-
tide (DOTATATE) bioconjugate was also studied. 
The labelling efficiency was assessed by thin layer 
chromatography using silica gel plates (Polygram, 
Macherey-Nagel). The results are presented in 
Table. 

The results indicate that the obtained 47Sc is 
chemically and radiochemically pure and the la-
belling efficiency of EGTA and DTPA using 47Sc is 
comparable with that using 44Sc milked from 
44Ti/44Sc generator, and much better than that us-
ing carrier added 46Sc. 
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Certain nuclear properties of 105Rh, like high spe-
cific activity, low energy of gamma emission (0.306 
MeV and 0.319 MeV), half-life of 35.4 h and emis-
sion of soft !–-particles (0.560 MeV (70%), 0.250 
MeV (30%)), make this radionuclide very attrac-
tive for radiotherapeutic applications. Recently, 
we demonstrated that glutathione and cysteine 
present in physiological fluids replace chlorides in 
rhodium tetrathioether crown chelates, up-to-date 
proposed as precursors for 105Rh radiopharmaceu-
ticals [1]. This replacement may alter pharmaco-
kinetics of radiopharmaceutical based on such 
complexes. 

To overcome the disadvantages of rhodium 
chelates tested to date, we propose synthesis of 
rhodium-105 dicarbonyl complexes as new radio-
pharmaceutical precursors. These compounds of-
fer a number of properties desired by radiophar-
macy. Dicarbonyl complexes have a small molecu-
lar size, are easy to synthesize, bind many known 
ligands and can be combined with albumins [2].

Rhodium-105 was obtained by neutron irradia-
tion of a ruthenium salt, (NH4)2Ru(H2O)Cl5, for 
8 h with a flux of 7 " 1013 n·cm–2·s–1 in the Maria 
reactor at Świerk (Poland). The target was dis-
solved in 1 M HNO3, the bulk ruthenium was oxi-

Ligand/bioconjugate concentration 
[nmol/#l]

Labelling yield [%]

DTPA EGTA DFO
DOTATATE DOTATOC

47Sc 44Sc

0.008 - - - - 99.4

0.01 38.8 97.2 - - -

0.03 94.9 98.8 30.1 - -

0.07 95.4 99.4 54.9 - -

0.10 100 100 95.5 79.4 -

0.16 - - - 96.2 -

0.26 - - - 97.3 -

Table. The 47Sc labelling yield of polyaminocarboxylic ligands and DOTATE bioconjugate.
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dized by H5IO6 to RuO4, then RuO4 was extract-
ed to CCl4 while 105Rh remained in the aqueous 
phase [3].

Product formation and reaction yield were esti-
mated by reversed-phase high-performance liquid 
chromatography (RP-HPLC) with gamma detec-
tion for 105Rh and UV-detection at 280 nm for 
non-radioactive standards. Gradient elution was 
performed using acetonitrile with 0.1% TFA and 
water with 0.1% TFA. 

Rhodium-105 dicarbonyl complexes were syn-
thesized by two methods, using either formic acid 
(HCOOH) [4] or N,N-dimethylformamide (DMF) 
[5] as a source of CO molecules. 

2RhCl3 · H2O + 6CO $ Rh2Cl2(CO)4 + 
+ 2CO2 + 4HCl

Reaction with HCOOH lasted 7 h at 95oC, 
while that with DMF – 18 h at 130oC. In both 
cases we verified the influence of the ligand pres-
ence in the reaction vial on the yield of reaction 
and number of synthesized products. The “cold” 
standards were synthesized with both methods at 
the same temperatures, but the heating lasted 3 h.

 Rh2Cl2(CO)4 + 2    $%2                    + 2HCl 

In the reaction of non-radioactive rhodium salt 
with HCOOH we obtained #-dichlorotetracar-
bonyldirhodium(I), Rh2Cl2(CO)4, and its deriva-
tives with tropolone, 5-methyltropolone, 4-isopro-
pyltropolone and acetylacetone, what was reveal-
ed as a single peak on the chromatogram (Fig.1). 

The lipophilicity of the reaction products in-
creases from the complex with tropolone to that 
with 4-isopropyltropolone, what is in accordance 
with the increasing lipophilicity of the ligands 
(Fig.1). Formation of the products was confirmed 
by IR spectroscopy and mass spectrometry. The 
second method, however, allowed us to observe 
only a mixture of products, regardless of tempera-
ture and of the molar ratio of ligand to rhodium. 
Reactions of Rh2Cl2(CO)4 with cysteine, histidine, 
methionine, ethyl acetoacetate and 3,6-dithia-1,8-
-octanediol did not yield the expected results: 
either no reaction occurred when the HCOOH 
method was used nor single products were obtain-
ed when the DMF method was used. 

Rhodium-105 carbonyl compounds can be syn-
thesized in the reactions with either HCOOH or 
DMF. Nevertheless, the yield of the HCOOH me-
thod is yet below 40%. Presumably, the low yield 
of the reaction is caused by a hampered formation 
of rhodium dimers at a very low concentration of 
105Rh in a solution. Another explanation might be 
high instability of Rh2Cl2(CO)4 in water and com-
plete decomposition of the product at low concen-
tration during the analysis. RP-HPLC demon-
strated that in the DMF method almost all 105Rh 
reacted and no single product, but a mixture of 
compounds was obtained (Fig.2). 

The registered radiochromatogram is in agree-
ment with the UV-chromatogram for non-radio-

Fig.1. UV-chromatograms of the reaction products of 
Rh2Cl2(CO)4 with tropolone (solid line), 5-methyltropolone 
(dash line) and 4-isopropyltropolone (dot line).

Fig.2. Radiochromatogram of products mixture after reac-
tion of 105Rh with tropolone in DMF.

Fig.3. Chromatograms of reaction product of RhCl3 with 
tropolone in DMF: UV (lower) and radiochromatogram 
(upper).

Fig.4. Radiochromatogram of reaction product of Rh-105 
with acetylacetone in DMF:H2O, 1:7 (solid), after 18 h 
(dash) and after 38 h (dot).
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In the last decade medical research has attained 
breakthrough progress in the field of tumor bio-
logy and molecular genetics. Medical imaging 
(ultrasound, magnetic resonance, nuclear medi-
cine or computer tomography) is currently the 
major method which gives information about the 
effect of treatment. Thus, the development of 
method of cancer imaging as well as more effec-
tive drug therapies is a new challenge for those 
who are involved in cancer research. Nanotechno-
logy has more advantages in comparison with con-
ventional pharmaceutical agents. Nanoparticles 
are the smallest functional units (below 100 nm) 
in the similar size-range as biologicals, like e.g. 
proteins and viruses [1]. 

This work presents studies on the possibility of 
using nanozeolites as carriers for very perspective 
therapeutic radionuclides such as &-emitters 
223,224,225Ra and !-emitter 111Ag. These metals do 
not form stable complexes, so they can hardly be 
bound to biomolecules via chemical bonds. 

Zeolites are crystalline aluminosilicates com-
posed of tetrahedral elements that build open 
framework structures – a system of channels and 
cages of molecular dimensions [2]. Moreover, these 
molecular sieves are good ion exchangers. Thus, 
mono- and divalent cations like Ra2+ and Ag+ can 
be encapsulated inside the zeolite structure.

Nanozeolites were synthesized by the hydro-
thermal method [3]. The synthesis was conducted 
in a temperature controlling magnetic stirrer. 
Chemical reagents included sodium hydroxide 
(Chempur), aluminum hydroxide (Aldrich), col-
loidal silica 45 wt.% suspension in water (Ludox 
CL-X, Aldrich), fumed silica (Aldrich), distilled 
water. Aluminate and silicate solutions were mixed 
together in the molar ratio 5.5 Na2O : 1.0 Al2O3 : 
4.0 SiO2 : 190 H2O to obtain faujasite (FAU) or 
NaX type of zeolite. The influence of silicate 
source, aging time of precursor sols, rotation rate 
and temperature on the size of final nanozeolite 
have been studied.

The first step was to synthesize NaAlO2 from 
Al(OH)3 and NaOH. Then, 2.42 g of NaAlO2 
freshly synthesized and 5.34 g of NaOH were 
stirred at room temperature for 24 h before hy-
drothermal treating. One sample was not stirred 
before synthesis (Table).

After that, 3.43 g of SiO2 and 50.0 g of H2O 
were added, immediately placed in an oil bath 
equiped with a magnetic stirrer. Rotation rate was 
750-1000 rpm, and hydrothermal treating was 
carried out at 60-70oC for 48 h. After that, the pre-
cipitated nanozeolites were cooled to room tem-
perature, centrifuged and washed with distilled 
water until pH < 8. The size of nanocrystals was 

Table. Chemical compositions and synthesis conditions of nanozeolites hydrothermal synthesis (molar ratio of reagents 
4.0 SiO2 : 1.0 Al2O3 : 5.5 Na2O : 190 H2O).

Source Sol aging time
Hydrothermal synthesis conditions t [h] Cristal size [nm]

T [oC] rpm

Si: fumed silica
Al: NaAlO2
Na: NaOH

0 60 750 115

24 h 60 1000 ~60

24 h 70 1000 30-150

Si: Ludox CL-X
Al: NaAlO2
Na: NaOH

24 h 60 1000 ~60

active standard and proves that n.c.a. 105Rh be-
haves as macroamounts of rhodium in the syn-
thesis of dicarbonyl complexes with the mentioned 
ligands (Fig.3). 

As expected, the #-dichlorotetracarbonyl-
di(105Rh)rhodium(I) was not detected using RP-
-HPLC. Rhodium dicarbonyl complexes are not 
soluble in water and after addition of two equiva-
lents of water to the organic solution, an orange to 
raspberry precipitate forms. We examined the sta-
bility of the 105Rh-complexes and we noticed that 
the radiochromatogram of reaction mixture did 
not change after addition of seven equivalents of 
water (Fig.4) or normal saline, even after 38 h.
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