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ABSTRACT

The possibility of a modified Jones reductor thet be used to reduce Europium (Eu) for the purpdsgoping in
thermally unstable host lattice in solution wasastigated. A modified Jones reductor which candeduo reduce
Eu¥ to EF* and doping same into thermally unstable host lattizas constructed. It was then used to reduce
Europium in solution. The reduced Europium was gsed by measuring its emission using Fluorolg-3
spectrofluorometer. The constructed Jones redumosisted of a column (13cm x 2.5cm), a receivdr aneck of
about 2.5cm, an adaptor of diameter NS14.5cm arekttaps of 2.5cm each for the exits. A solutioprepared
Europium salt was passed through the modified Joedactor to reduce Elito EU*. The result showed that
within the limit of error almost 99% reduction washieved. In conclusion, the modified Jones remtucan be
used to reduced Europium and dope it into compotimatsare difficult to dope through the melt method

Key words: europium, modified jones reductor, reduction.

INTRODUCTION

Some few methods are available in the literaturgHe reduction of Eli to ELf*, some examples of these methods
are as follows: Selin. D.L et al [1] appligdrradiation to reduced Eu (Ill) to Eu (1) in acués solution of a
mixture of rare earth elements. Selin. D.L et dlifRanother publication used a method of radiclygduction in
dilute aqueous solution. They observed that theiggsh of Eu (lll) was enhanced by the presenceSof*.
Electrolytic reduction of Eu (lll) in acidic chlae solutions with titanium cathode was used by tdiet al [3] to
examine the feasibility of the rare earth sepamatibhey claimed to achieved complete reduction .4fr@I of
EuClyag) solution. But they observed that the final percEo(lll) reduction of the solution from an industri
europium purification process which contained otfege earths, was lower than that of a syntheti€lEgingle
electrolyte solution.

Polarographic reduction of europium ions on meraingp electrode in the presence of halide ions wsed by
Levitskaya et al [4] to determine the amounts agbpium in Eu-base alloys. In 1987 Kaneko et alys¢d a method
similar to what is being used in this work i.e retilion of europium using zinc fixed beds to sepaeat@pium from
other rare earth metals. They passed their solitidhe fixed bed for five hours at 2.4L/h rate afiatained 97%
reduction. Other methods obtained in the literatima@ can be mentioned here include, one-electegtuation

induced by the irradiation of gamma-ray or UV lighsida et al [6], electrochemical reduction bynne et al [7],

chemical reduction in hydrochloric acid by Atanasgaet al [8] and reduction on rotating disk platmand copper
electrodes by Louka et al [9].

A Jones Reductor is a convenient apparatus foctaifipthe reduction of certain compounds. It cagsig a column
of amalgamated zinc contained in a long glass tphmyided with a stop cock through which the redluselution
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may be drawn. The Jones reductor give an advanhtage large surface is exposed to the substanie teduced,
as such a zinc column is much more efficient thaags of zinc placed in the solution. The basiedaedactor is
not suitable for some processes; example is ramudf the lanthanides which are easily oxidisedkbactheir

trivalent state. For this reason many people hagd to modify the Jones reductor to be used fffewdint purposes,

such as in this work. Some examples of work done¢hm literature on modified Jones Reductor incltloe
following:

* Taeble in 1939 [10] observed that the efficien€w draditional Jones reductor is governed by #ie at which
the solution containing the substance to be redéload through the reductor. The ordinary Jonesicéat has no
means of regulating or controlling rate of flow, gois difficult to maintain a particular rate thrghout the
reduction. This led him to investigate into modifion of the reductor. (His work titled “modifieddes reductor”
was then published. According to his result, thedifited Jones reductor enables one to obtain a itefand

constant rate of flow. This he did by fitting thelidery tube of the reductor with replaceable gauated glass
capillary tubes of various sized orifices.

¢ Another modified Jones reductor was invented bwdtds [11] and is shown here in figl below. The axe of
the Jones reductor is fitted with a three-way tagg tube opening to the air and the other beingected by means
of a vertical glass tube to the top of a cooind soirrounded by cooling water. The lower end of todl is
connected to a witts filter apparatus, in ordecdtiect the solution in a beaker. This modificatiwas particularly
used for solution that is best reduced when warimwbr
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Fig 1: Modified Jones Reductor [11]

* In 1984 Azad and co [12] used the Jones reducta foetal speciation. They passed the solutiorutitvra mini-
column incorporated in a flow injection system $mectrophotometric determination of iron (Ill) asichultaneous
determination of iron (Il) and total iron. They abmded that reduction of iron (Ill) to iron (II) waachieved
efficiently in a small Jones reductor column, wittie effect on sample dispersion.

* In 1987 Kamail et al [13] also used the flow-injeatmethod to determine europium after on-line otidn. They
claimed that the reductor offers a very selectiwthod for the determination of europium (ll) irethresence of all
lanthanides, because samarium, ytterbium or angr démthanides are not reduced. Their conclusios tivat, the
incorporation of a reductor minicolumn into a flemjection system provides simple and highly selectirocedures
for the determination of europium (lll). Their flogystem shown provides a rapid and reproducibléhocebf
producing europium (Il) without the need for thatmrate precautions to prevent its re-oxidation.
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Fig 2: Scheme of a flow injection system [14].

Where \; = Rate of pumping europium (Ill) into the Joneduegtor.
\4 = Rate of injection into the carrier flow.
4= Rate of flow of the redox reagent.

* In 2001 a similar work was done by Shpigun et dl[Fig.2 above shows their flow-injection diagram. They
observed that the reduction of europium (lll) id@nes reductor opens up a possibility of develogelgctive
method for the determination of this metal in thesence of all other rare-earth elements. Theitesysnade it
possible to avoid the problem of handing europiuindfter reduction, because reduction and deteation are
performed in closed flow-injection system. This Imap detecting this unstable oxidation state witléas than
30seconds after it formation in solution. Their@stigations showed that the conversion degreeropaun (111) to
europium (I1) depend on the sample acidity andfithe rate. The flow rate of 0.4 to 0.6ml/min wagtiopum. When
they used metal solutions prepared in 0.1M HCIl,dbgree of reduction was 75%, but in 0.25m HCldégree of
reduction was up to 95%. From their results theeefd can be seen that although they used a clegstém, they
did not obtain 100% reduction.

MATERIALSAND METHODS

Construction of the M odified Jones Reductor:
The Jones reductor was designed in the Univer§iBiagen Inorganic Chemistry laboratory.

The constructed Jones reductor consisted of a eoli#idicm x 2cm), a receiver with a neck of abodca, an
adaptor of NS14.5cm and three taps of 2,5cm eactindoexits. The exact specifications of the JdReductor are
shown in table 1.

Table 1: Specification design of the M odified Jones Reductor

Parts L ength Diameter
Coloumn. (Tip) 40cm (4cm) 2.0cm (1cm)
Receiver. 13cm 2.5cm

Neck of the receiver. 3cm NS19
Adaptor. NS19 NS14.5cm
Taps at the receiver. 2.5cm

The constructed Jones reductor was then testeueihdboratory using Iron solution, to ascertairt ihdunction
well.

Packing of the Column

About 300g of granulated zinc was weighed. 1M H@usgon was prepared and added to the weighed tdlnit
was covered. The whole system was stirred andditkedecanted. 25% Hggsolution was prepared and added to
the zinc after the acid was decanted, and theredtifor 5-10minutes. The solution was decanted thedzinc
amalgam washed three times with distilled watedégantation. The amalgam was then put slowly inéocblumn
with vibration until the required packing was ackgd. The column was vibrated for a long time tmwllithe
amalgam settle uniformly. After which water was @b through the column and stored until put in Ussuch a
way the column was always covered with water tadieontact with atmospheric oxygen. Before used,dblumn
was reactivated with about 50ml of 1M HCI, the aitidn drained slowly until it fell just above thimz level, then
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the tap was closed. This was repeated twice adlyfimvashed with water. Before starting the workest reduction
was done using Bé The quantitative reduction of the*evas tested by titrating against KMpO

Table 2: Equipments used

Equipment Company

Argon glove box Braun [Germany]

Fluorolod-3 spectrofluorometer, FL3-22 Jobin Yvon [USA]

Liquid nitrogen cryostat, VNF-100 Janis research [Wilmington, MA
Powder diffractometer D5000 Siemens [Germany]

Imaging Plate Diffraction System, IPDY STOE [Darmstadt, Germany]
IFT-IR Spectrometer, IFS 113V Bruker [Karlsruhe, Germany]
Vacuum Pump ILMVAC GmbH [Germany]

Reduction of Europium (Eu®"):

EuCk was used in this work as the source of Eu ion5%.0M of EuC} was dissolved in water and used for the
reduction. The water used was degassed by boilitgexpel @ and then nitrogen gas bubbled into it before use.
The receiver was dipped into a beaker containingmvand then the water was slowly heated f€6hile stirring

to allow for uniform temperature distribution oretheceiver. One arm of the receiver was connectédetrt gas
(N,) and the other, to the vacuum. Before the solutibBuCk was put into the reductor, the arm connecteded in
gas was opened to float the system withshl as to expel O The flow of the inert gas was maintained during t
reduction. The solution was then slowly passedutjnothe reductor at the rate ©f0.4 — 0.6ml/min. After the
completion of the reduction, the arm to inert gaswlosed and that to vacuum opened. The reduceplesavas
removed under inert gas, closed and taken intglthee box and prepared for luminescence measurement

M easurement of L uminescence Spectra

The luminescence measurement was done using aokje®(FL3-22) spectrofluorometer from Jobin Yvdig(3).
This spectrofluorometer is equipped with a 450woretamp, two double grated monochromators for eotisand
excitation. It also contains a photomultiplier wishphoton counting system. The measurement proeeiduas
follows:- The cryostat was evacuated for about ibbites and then floated with,Njas, then cooled down to 80K
using liquid nitrogen cryostatAfter cooling the heater was started and the sanmpénsity adjusted to obtain
maximum intensity possible. The spectra were thesasured using DATAMAX computer program and the
obtained spectra drawn using the computer soft v@rigin 6.0. During measurement emission spectra wa
corrected for the photomultiplier sensitivity.

Fig3 Fluorolg-3 (FL3-22)
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RESULTSAND DISCUSSION

The Jones Reductor constructed in this study isvehia fig 4 below with the main modification beiran the

receiver. In constructing the Reductor, it was tak&o consideration that the reduced Europium (Eag to be
doped immediately into the host lattice. In viewthuf the traditional volumetric flask or filterak commonly used
would not be suitable. The receiver was modified¢owide enough to allow for the removal of theedrdoped
compound. The major precaution taken was the ptmrenf oxygen into the reduced Eu solution, duniaguction

and doping. This was achieved by constructing twep-socks on the receiver, one to inert gas andhando

vacuum. A small adaptor was placed between thevercand the column, which could easily be clos&drahe

sample was ready, to still prevent oxygen intogample during removal. This modification can be pared with

those already discussed in the literature, sinddalmodifications were done on the receiver tanto the intended
works, and the column have always remained the same

Fig 4. The Constructed M odified Jones Reductor

As in Edwards work [11], the receiver was modiftedbe suitable for the reduction of hot or warm pha®s, by
fitting it into a cooling system. Similarly, in thetudy by Taeble [10], only the receiver was medifin the Jones
reductor to enable a definite and constant ratéoef. Therefore, the modification on the Jones rduin the
present work is in good agreement with previoudisti

Reduction of Eu**:

Eu** was reduced using the constructed Modified Jomesator. The emission spectrum ofEions was measured.
The spectrum (fig 5) did not show any peak froni"Eimplying that =100% reduction was achieved. The peak at
24570cn (407nm) could be due to a 4f5d-f transition of Eor due to Raman water emission. Another peak see
at 17667cnt (566nm) can be assigned also to f-d transitionthis is not sure. It could as well be some imipesi
The main aim of this analysis is to detect ifEis inside, which did not appear. This result gius the reduction
efficiency of the Reductor. The problem of re-otida was avoided, since there was only a small tape between
reduction and measurement
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Fig5: spectra of Eu? in water. ve = 35714cm™ T = RT
CONCLUSION

In this work a modified Jones Reductor, suitablermluction and doping Europium into thermally aid¢ host
lattice was successfully constructed. The modifiedes Reductor was used to reduce europium inoland was
found to be efficient since=99% reduction was obtained. Thus the constructedifiad Jones Reductor can be
successfully used for reducing and doping europitmthermally unstable Host lattice.
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