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Selective precipitation of Mo(V1) with a,a’-bypiridine
and 1,10-phenanthroline:
Application to molybdenum and radiomolybdenum chemistry
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The purpose of this work was the selective precipitation of Mo(V1) with oo’ -bipyridine and 1,10-phenanthroline. This precipitation, not reported
in the literature, was used for the separation of molybdenum from the elements co-eluted from an alumina microspheres column. The alumina had
been loaded using a nitric acid solution from the dissolution of a U-Al target. The emphasis was placed on the Mo(V1) separation from ruthenium,

tellurium and iodine, al of them were eluted as a group of anionic complexes from the alumina column.

Introduction

A new procedure for the final purification of
molybdenum used in nuclear medicine has been
developed. The purpose of this work was the selective
precipitation of Mo(VI) with o0’ -bipyridine (dipy) and
1,10-phenanthroline (phen). This precipitation was used
especially for the separation of molybdenum from
ruthenium, tellurium and iodine. These elements have
been adsorbed together with molybdenum on a column
of aumina microspheres from nitric acid solution after
dissolution of an U-Al target.

The molybdenum generated by fission and separated
by chromatography using alumina,! has, in general, not
the required purity for use as technetium generator.
Some radionuclides in form of anions, especialy
TeOz2~, RuO,~ and |-, are adsorbed together with
Mo(VI) from nitric acid into the alumina column. This
made the introduction of some more steps necessary for
molybdenum purification.

The reagent most studied for molybdenum
purification via precipitation is o-benzoinoxime. The
separation and purification by molybdenum precipitation
with o-benzoinoxime?3 can be upgraded by ion
exchange chromatography? and solvent extraction.>6
Molybdenum(VI) forms with o-benzoinoxime a
compound with the formula MoO,(C4H;,0,N).”

The heterocyclic complexes formed with the
compounds oo’ -dypiridine and 1,10 phenanthroline
have great importance in the coordination chemistry.8-16

DHINGRA and KAKKARL? described a method for
molybdenum extraction with 1,10-phenanthroline in
isobutyl-methyl ketone for spectrophotometric analysis
of Mo(V1). The reaction is performed in the presence of
stannous chloride. The same reaction is described for the
determination of molybdenum with oo’ dypiridine.18.19
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SANDELL?0 used 1,10-phenanthroline as a sensitive
reagent for the determination of iron and claimed that
molybdenum(V1) does not interfere at pH over 5.5, but
observed that the solution get a turbid aspect.
Nevertheless, any relevance to the observed fact to be a
possible precipitation of Mo(VI) by phenanthroline was
not emphasi zed.

The purpose of this work is the separation of
molybdenum from ruthenium, tellurium and iodine
whose anionic complexes are adsorbed into the alumina
column and are eluted as molybdate by ammonium
chloride. The separation of molybdenum from
ruthenium, tellurium and iodine is accomplished by the
selective precipitation of molybdenum by 1,10-
phenanthroline  and/or o, -dypiridine.  These
precipitation reactions are not described in the literature.

The chemical composition and characterization of the
obtained precipitates are described herein.

Experimental
Reagents

Stock solution of molybdenum containing 10 g-1—2
Mo was prepared by the dissolution of sodium
molybdate dihydrate in demineralized water. Dilute
solutions were prepared using this stock solution.

The reagents 1,10-phenanthroline and o,c'-
dypiridine were dissolved in water and dlightly acidified
with hydrochloric acid to prepare 10 g'I=1 each as stock
solutions.

Stock solutions of the elements (10 g-I=1) given to
molybdenum as sources of interference were prepared by
dissolution of the correspondent chlorides.
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Precipitation of molybdenum

The procedure for the precipitation of molybdenum
with 1,10-phenanthroline and oo’ -dypiridine is the
same. For each precipitation an aliquot containing 30 mg
of Mo(VI) was used. The pH was adjusted with dilute
NH,OH or HCl. The influence of the pH on the
precipitation was studied in the 0.1-8.0 range. All
experiments were performed from room temperature
(2025 °C) until 100 °C and under constant stirring. In
all experiments the solutions of the reagents were added
to the molybdenum solution.

The precipitate was separated by filtration and
washed with HCl solution of the same pH as the
precipitation medium, followed by a washing with
distilled water and finally with ethanol. The precipitates
were dried in desiccators under vacuum for 96 hours.

I nterference studies

The elements studied as possible sources of
interference were given as their chlorides to the
molybdenum  solutions before precipitation. A
Molinterference ratio of 1:1 was used in each
experiment. Elements that could be fission products and
could follow molybdenum were considered. The
following elements were studied: Cs(l), Ba(ll), Sr(ll),
Zn(11), Al(111), Dy(111), Fe(l11), La(lil), Nd(111), Pr(ii),
Ru(l11), Sm(111), Y(I11), Ce(1V), Te(lV), Zr(1V), U(VI)
and Sb(111).

Characterization of compounds

The compounds obtained by the precipitation of
molybdenum with  1,10-phenanthroline and o,o’-
dypiridine were characterized by solubility tests,
gravimetry and X-ray fluorescence, elemental CHN
analysis, thermogravimetry (TG) and differentia
thermogravimetry (DTG), infrared spectrophotometry
and X-ray diffraction (powder method).

Determination of Mo(VI) in the filtrate was achieved
by voltammetry with hanging mercury drop electrode in
0.5M tartaric acid as support electrolyte. That analysis
was confirmed by inductively coupled plasma optical
emission spectrometry (ICP/OES).

Burning the precipitate to a constant weight at a
temperature of 550 °C and weighing the residue as
MoO; composed the gravimetric determination of
molybdenum.
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Results
Preparation of compounds at different pH’s

To samples containing the same amount, about
30mg of Mo as molybdate solution, aliquots of
dypiridine and o-phenantroline, dissolved in diluted
solution of hydrochloric acid were added separately. The
influence of the pH for the precipitation was studied in
the 0.1-8.0 range. Both organic reagents showed the
same behavior in the presence of molybdate. The best
precipitation occurred in the 2—4 pH range, being the
formed precipitates voluminous and easy to filter. For
both reagents, the molybdenum(VI) precipitation was
guantitative.

Temperature effect

From ambient temperature (2025 °C) to 50 °C, the
precipitated compounds were white and voluminous. As
the temperature raised and reached 100 °C, both
precipitates became denser and alittle lengthier to filter.

Solubility tests

The Mo-dipy and Mo-phen compounds are insoluble
in water, alcohol, acetone and hydrochloric acid. Both
precipitates are sparingly soluble in carbon tetrachloride,
ethyl ether, butyl acetate and acetic acid. Both
compounds are freely soluble in concentrate solution of
sulfuric and nitric acid and in ammonium hydroxide as
well.

Interferences

From the studied elements. Cs(l), Ba(ll), Sr(ll),
Zn(11), Al(111), Dy(111), Fe(lI1), La(lll), Nd(l11), Pr(i11),
Ru(l11), Sm(I11), Y(lII), Ce(lV), Te(lV), Zr(IV) and
U(vl), al of them were not precipitated by both
reagents. From the group elements studied as
interference sources only Sb(lll) is precipitated by 1,10-
phenanthroline and oo’ -dypiridine, but the precipitates
are soluble in excess of hydrochloric acid.

The XRF analysis of the precipitates obtained by
both reagents detected only minor traces of the above
elements used as gpike for the molybdenum
precipitation.
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Fig. 1. Powder X-ray diffraction pattern of MoOz from Mo-phen

Soichiometric proposition

The stoichiometry for both compounds obtained by
precipitation of  molybdenum(VI)  with  1,10-
phenanthroline and o,a’-dypiridine was established
using the data of gravimetric and elemental CHN
analyses. For the gravimetric determination of
molybdenum as MoO,, the dried precipitates were
calcinated at 550 °C.The stoichiometries proposed are
C;oHgNo>'M0oO5. H,O, for the compound formed with
Mo(VI) and  o-phenantroline  (Mo-dipy) and
C1oHgNo>"MoO; for the compound formed with Mo(V1)
and o,o’-dypiridine (Mo-dipy). Analyses using TG,
DTG and IR also confirmed these stoichiometries.

Figure 1 shows the diffractogram, (powder method),
for MoO;, obtained by calcination of the compound
Mo(V1)-1,10-phenanthroline a  550°C.  Similar
diffractograms were obtained for Mo-dipy.

Conclusions

In a previous work?! the authors demonstrated a
novel precipitation reaction using alizarine blue (7,8-
dihydroxy-5,6-phthaloquinoline) as a sensitive, specific
and quantitative precipitant for molybdenum. In the
present paper the authors report and confirm their
findings that molybdenum is completely and
quantitatively precipitated from low acidic solutions by
the reagents 1,10-phenanthroline and o, -dypiridine.

The precipitation of molybdenum(VI) with both
1,10-phenanthroline or o, -dypiridine had a similar
behavior. At the pH range 0-1, the precipitate was very
fine, presented some difficulty for filtration and was
adherent to the walls of the porous glass filter. In the pH
range of 2—4, the precipitate was voluminous, quickly
formed and easily filtered. In the pH range 56 the
precipitate was gelatinous and the filtration is lasted.

At the pH range of 6-7 the precipitation was not
complete, only turbidity formed. Finaly, at pH>8 there
was no precipitation at all. The recommended pH for the
precipitation is, therefore, 3.

The precipitation performed from room temperature
(20-25 °C) to 50 °C led to voluminous white precipitates
which could be easily filtered. As the temperature was
raised up to 100 °C, the precipitates became denser and
exhibited some filtration difficulty. Molybdenum was
analyzed in the filtrate by voltammetry method with
hanging mercury drop electrode, and ICP/AES. The
analysis confirmed that the precipitation was quantitative
when using both precipitants.

The solubility tests performed with Mo-1,10-
phenanthroline and Mo-a,o’-dypiridine led to the
conclusion that the precipitates are insoluble in water,
ethanol, acetone and hydrochloric acid. They are dightly
soluble in carbon tetrachloride, ether, butyl acetate and
acetic acid. They are completely soluble in concentrated
solutions of sulfuric and nitric acids and in ammonium
hydroxide. As a consequence of the solubility of both
precipitates in nitric acid, the immediate precipitation of
Mo(V1) with the studied precipitants is not allowed for
the solutions resultant from the target dissolution. Its pH
must be ascertained before precipitation.

The molybdenum compound precipitated with
o-phenanthroline had a molecular mass (CHN analysis)
of 342. The  stoichiometry  proposed is
C1oHgN>,"M0O5H,0. For the precipitate compound
with molybdenum and o0’ -dypiridine, the molecular
mass was 302 and the stoichiometry proposed is
C1gHgN>"M0O5. IR, TG and DTG analyses confirmed
these resullts.

The molybdenum precipitation with 1,10
phenanthroline or o,o’-dipyridine was obtained at
ambient temperature and formed a white, voluminous
and not hygroscopic powder when dried. The
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precipitation was selective, only Sh(lll) precipitated by
both reagents when the molybdenum solution had a
lower acidity than that used in thiswork.

Both  compounds  Mo-o,o’-dypiridine  and
Mo-1,10-phenanthroline can be burned to MoO5 and the
oxide submitted to further purification by sublimation.

Application

The precipitation reaction of Mo(VI) using 1,10-
phenanthroline or o,a’-dypiridine is selective and
guantitative. It was applied to the separation and
recovery of molybdenum eluted from an aumina
microspheres column, simulating the separation of
fission radiomolybdenum, in the purification of 9 Mo for
atechnetium generator.
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