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“STUDY ON THE SOLVENT EXTRACTION OF THE LANTHANIDE
ELEMENTS, SCANDIUM, URANIUIM, AND THORIUM USING
TETRACYCLINE AS THE COMPLEXING AGENT"

Maria Jose Coutinho Nastasi and F W Lima

ABSTRACT

Acid and 2xtractant concentrat.ons dependance ta: the extracton of the 15 tanthan de elerments with
banzyl sicohot tetracycine 3¢ reported

The behaviour towards soivent extract-on of uran.um tho-.um and scandum as wel! as the study of the
posy:bniity of using the sysrem ret-acyc' ne benzy' a‘coho! fo' the separat.on of the lanthar,de elements and
tor the separanon of uranum from those eements are presented

INTRODUCTION

Several anaiytical methods have been developed using tetracycline, aureomycin and
terramycin as complexing agents for various cations

Ishidste and Sakaguch:''' have shown that aureomycin can be used for the cotorimetric
aralysisof Th{lV) ions

Oxford'2! presented 2 method for the detection of aureomycin in the presence of
aminoacids and proteins. which depends on the formation of complexes between aureomycin
and Ca(ll} ions

Kohn'S' used the property of tetracycline to form mixed complexes with calcium and
barbiturates, to develop a procedure that combines the use of filuorometry and complexometry
extraction, to analyse the tetracycline antibiotics

Ashton'4! |nvestigated the posubility of using tetracycline as a fluorescent indicator in
the microdetermination of group |1 cations The method proposed by Ashton'4! was shown to
be highly sensitive in ultraviolet light for complexometric titrations of calcium, strontium and
magnesium with EDTA

One of the first applications of tetracycline for an analytical separation was a solvent
extraction procedure presented Ly Masters'S) for the determination of Sr 90 in environmental
gress semples. A furtner study was then undertaken by Masters'S’ to determine the feasibility
of application »f tetracycline tc the extraction of other metallic elements.

The scope of the present work was to venty if tetracyciine would form complexes with
the lanthsnide elements and to study their solvent extraction behaviour with benzy! alcohol.
Separstinn of the lanthanide clements as well as of uranium. thorium and scandium was also
investigated



EXPERIMENTAL
! Formation cf the Ln TC'*', Y.TC, U TC and Th TC Compiexes

The spectrophotometric techniQue was used 10 examine whether the tormation of
complexes between the tetracyciing molecule and the lanthanide elements. yttrium, uramium
and thorium dvd cecur

1 Preparation of the Solutions

Agueous solutions of the lanthanide elements and yttrium were prepared by dissolving
their respective ox:des (BDH 99 9% purity) in hot concentrated hydrochloric acid and diluting
with water 1n order to obtarn 10 ' M metal 1on Solutions

The solution containing U0, {11) ions was obtained by dissolving ammonium diwuranate
{ADU) with concentrzied hydrochlone acid After dissolution of the ADU the solution was
diluted to grve a concentration of UO; (11} 1ons corresponding to 10 ° motar

A 10 'M Th{lV} ions solution was prepared by dissolving ThiNO,), in water and
diluting to the desired concentration

Tetracyctine hydrochloride {Laborterspica Bristol) was dissolved n water and dilutions
were macle to obtain 2 10 * M solution

All the squeous solutions were prepared by using celoimzed water which was further
distilled over quartz

2 Absorption Mesturements

The absorption spectra of pu-e aqueous solutions of tetracycline hydrochioride at
different pH values, of pure metal ions solutions and of the solutions of tetracyciine
hydrochloride plus lanthamide 1ons, were recoroed

The pH of the solutiors varied from 30 to 80 and the solutions were prepared as
follows: 20 mi of a 10 ' M agueous soiution of the metal ion were added to 2 0 mi of a 10 *M
aqueous tetracycline hydrochloride solution The value of the pH was adjusted with diluizd HCI
and/or NeOH solutions and the final volume made up to 5 0 mli

Aliguots of the solutions were transferred to 5 mm silica celis and the sbsorption spectra
were recordod The apparatus used for this purpote was a Beckman DB spectrophotomaeter
coupled to a Beckman 10" Linear log recorder

il. Solvent Extraction Studies

1 Pretiminary Experiments.
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(e} Ln wiit be used as an abbrevianion for tha lanthanide elements and TC for the tetrecycline molscule



in o7der to determme f benzyl alcohol would extract the tanthamde 1ons by itself,
partition expernments were carried out by sgitating benzy! alcoho! with sgueous solutions of
ianthanum snd europium radiosctive tracers

For the lanthenum experiment the pH of the radicactive aqueous phases varied from 2 90
to 6 80, end for suropum 1t vaned from 1 50 10 8 00 After separation of organic and aqueous
phases no rad:oactivity was detected n the organic phase for both experiments, indicating that
benzyl sicohol sione did not extract the ianthanide ions

For the systems where the agueous phases were made up of solutions of the europium
tracer and the organic phese of tetracyciine benzd alcohol solution. parbtion experiments were
carried out 1n the presence and n the absence of sodium chloride as salting-out agent. The
rasults of these two series of experiments have shown that the addition of the electrolyte
greatly enha 'ces the metal extraction at any given pH Table | presants the results of such
distribution experiments

TABLE |

Percent europium extracted (E} as function of presence
and sisence of sodium chloride

R S,

pH 220 240 260 | 280

TR T e
f

NeCl | Yes | No | Yes | No | Yes | No | Yes | No
T ) G R P T J‘ - _.-..__.__..1__._--4
:;; mu( 05 3251 15 | 650 | 50 | 860 | 106

[

Concentration of the Tetracycline Solution 10 M
Concantration of the Sodium Chionde Soinution 0 9M
Concentration of the Europ'um Chioride Solution. 10 *M

The results of Table | show that the addition of sodwm chioride to the aqueous phase
sllows the extraction 0! the metals to occur at lower pH values than that needed for the
sxtraction when sodium chloride is absent The presence of sodium chioride provides also a
constant ionic strength medium

It was verified that for :he system considered, the equil:bium between the phases is
attsined in 3 minutes However, n all partition experiments the two phases were shaked for 15
minutes. with the aid of 8 mechaiical apparatus

The results of pertitton experiments carried out dally, with the same tetracycline
solution, during 18 days. have shown that a 10 ’M solution of tetracycline hydrochloride in
benzyl alcohol can be kept for this period without losing i1ts properties as an extracting agent.

2 Determination of Distribution Ratio



in order 10 obta:n the radicactive tracer solutions of the lanthsmide 10ns. their respective
oxides were irradiated in @ 10'% nem ‘s7' thermal neutron flux in the ressarch reector
1EA R1 After itradiation they were dissolved with conzantrated hydrachloric acid and diluted
to the desired concentration Promethium 147 was furnished by Now England Nuclesr

Analytical grade benzy! sicohol was used sand the tetracyclire hydrochloride was suppiied
by Laborterspica Bristol, Slo Paulo

The concentration of the solution of sach of the metal 1ors studied was 10 °M and the
concentration of the tetracycline hydrochioride solution in benzy! sicohol was 107 °M

The determination of the distribution ratio was carried out as follows: # 5 0 mi portion of
the aqueous phease contaning the nuclide under study was added to 1 0 mi of a 53 M sodium
chloride solutiox, so thet the final ionic strength of the aqueous phase wes u =09 To this
aqueous phase a 5 0 mi portion of the tetracycline benzyt ak:ohol solution was added. After the
addition of the organic phase the pH of the aqueous phases was sdjusted by adding smalt
volumes of dilute solution of hydrochloric acid and/or sod-um hydroxide A Metrohm Herisau
E 3508 pH meter coupled 10 a Metrohm combined electrode was used 10 messure the pH
values

After shaking both phases during 15 minutes, at room tempe. 2ture, they weie allowed to
settle and each of them was centrifuged for 5 minutes

One mitliliter aliquots of both phases were than taken for ganma counting using a gamma
spectrometer coupled to 8 500 x 4 38 cm Nal(Tl), well type scirtiilation detector in the case
of Pm 147 the activity was measured using a proportionai gas flow counter

in the case of uramum, concentrations of the element in the various extracted solutions
were determ:ned by epithermal neutron activation analysiz foliowing the technigue presented
by Atalla and Lima 7!

RESULTS

[. Formation of the Complexes

Figure | shows the wavelengths of maximum absorbance of pur tetracycline solutions
and those of the lanthanide tetracycline mixtures as well as of the mixtures containing uranium
or thorium, at seversl pH values

The change observed in the wavelength of maximum absort:ance of pure solutions of
tetracycline (360 nm) relative to that of the mixtures, shows compex formation between the
various ions and tetracycl ne
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FIGURE |

Wavelengths of the absorption pesks of pure TC-solutions
sng of TC metal ions solutions st various pH values.
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il. Solvent Extraction Behavious.
If 1 Acid Dependence

Figure |l presents the extraction curves of thorium, ursnium, scandium and the
lanthanide siements, exception made to gedolinium, erbium and lutetium Although the
extraction curves for these thres elementz have been sxperimentally cbtained they sre not
presented in Figure |1, since the curve for gadolinium coincides with the one for eurapium snd
the curves of erbium and holmium coincide with the one for dysprasivm This occurs siso with
the curves for rutetium and ytterbium
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FIGURE ¥l

Extraction curves for thorium, ursnium, scandium and the isnthenide slements.
Conocentration of tetracycline solution: 10° M, of metal ians: 10 *M, ionic strength: 0.9.



From the extraction curves 't can be seen that separat:on between thorium, uranium and
scandium, from the lanthanide slements, can be achieved provirded the extraction operation is
carrned out st & suitable pH value Those curves show aiso that a singie extraction operation is
not snough to separate sibsequent lanthanide elements one from the other, as, in general, is the
case for the lanthanide elements In order to get this separation a multiple countarcurrent
extraction procedure has to be used

Figure 11 is the graphical presentation of the logarithm of the distribution ratio q as
tunction of pH of the aqueous phase The s.opes of the !ines for each one of the lanthanide
elements are shown in Table |1

From Figure Il 1t may be seen that it will be easier to get a weparation between the

members belonging to the group of the “light”” lanthanides than between those of trie “heavy’’
lanthanides
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FIGURE 11}

pH cependence of the extraction of lanthanide ions into tetracycline-benzylalcohol,
Concentration of tetracyciine solution 10°*M,
of lanthanide ions 10 * M, ionic strength: 0.9



Paramaeters of the line log q = a pH + b for the lanthanide slements

TABLE

a, : Standard Devetion of ».
Gy, - Standard Devistion of b.
c.c. : Correlation Coefficignt.

— — e
La Ce Pr Nd Pm Sm Eu Gd Th Oy
- e e _..r_, e S L
a 2.36 23 239 247 250 246 2 46 248 257 2 66
-J_-__A_,.Tﬂ__.,._#-_m L R
a, 0.06 0.03 004 004 003 002 202 003 005 o0
. S TR S § — 4
b 217 | 677 663 6 50 65t 628 6 20 624 619 6 30
s R S R e R it
Oy 0.16 ao8 0.10 o010 008 006 605 007 012 0 06
- SRR R S
c.c 0998 | 0999 ] 0999 | 0999 | 0999 | 0999 | 0999 | 0999 | 0999 | 0999
FUNNUSUSSRPE' SR — U S, [

e

2 59

003

004

0999

Tm

2 45

003

5 67

oor

0 999




It 2 Exrractant Depandence

The varistion of the distributior ratios as & function of the concentration of the
tetracyciing in the organic solvent was determined for the 15 lanthanide elements, the pH and
ions¢ strength of the aqueous phass being heid constant The least square method was used for
determ:nation of the siopes of both lines log g=f (pH) and log g=t{TC) for sach one of the
lenthanides.

The concentration of the tetracycline solutions used varied in the range from 1.26x107°M
10 20.00 x 10" M.

The slopes of the lines log q as function the logarithm of tetracyciine concentration are
shown in Tabie HI

The equilibrium or extraction constant K for the extraction equation:

MY+ N{HA)
. o * (MA.} + NH“

Ayl Bl (W)

; =q
(MY, (Half [HA Y

{sub-index a: squecous phase; o: organic phase).

By taking the icgarithms and resrranging, one has
logq= logK + NpH + N log[HA]o

For a fixed vahre of [HA], the extraction constant Kcan becalculated from the intercept
st theorigin for the shove squstion

log K = log YH=0 ° Nlog [HA],

The caicuisted values of the extraction constants for the 15 lanthanide elements are presented
in Table IV,



TABLE i1l

Slopes of the lings: log @' =0’ tog [TC) + b’ for the lanthanide slements.

La Ce Pr Nd Pm Sm Eu Gd To Dy Ho Er Tm Yb . Luh% 1

s 240 252 258 2.65 252 2.50 269 265 264 268 270 269 2 8; 280 2 ;,;N
Oy 0.08 0.1¢ 0.05 0.07 0.c8 0.06 008 0.05 0.04 0.06 067 002 0.04 0.04 aal ~'

c.c 0997 | 0994 ] 0999 0997 | 0996| 0997 | 0996 | 0999 ) 0999 | 0998 | 0908 ( 0999 | 0899 | 0990 | © 9«9;«

Oy’ : Standard Deviation of »'".

c.c. : Correlation Coefticient.

0!



Extraction constants, K, for the systems lenthanide slements wtratycliwe

Ln

Ce

Pm

——y— ————

{ log K}

237

173

147

120

147

T

TABLE IV

Eu Gd

082 094

Lt
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APPLICATIONS

1 Separstion of Some of the Lanthanides Using Tetracycline as the
Extracting Agent.

From the log g=f(pH) tines presented in Figure 1!l the distribution ratios of ali the
janthamdes. at any given pH value, can be evalusted Therefore the separation factors of any
pair of lanthanide elements can be calculated. giving an indicatioe of the feasibility of &
separation betwesn the two elements

Such separation factors, §. have been caiculsted for solutions of pH equal to 250 Taking
INto account the found 3 vaiues the following separations have been carried out: lanthanum and
thulium; praseodymium  europium and ytterbium

A muitiple extraction procedure has been used in both cases For the lanthanum thulium
pair, whose separation factor 1s 52 55, a 10 stage extraction procedure was enough, while for
the praseodymium, europium and ytterbium mixture a 23 stage axtraction was required, since
the values o the separation factors are 4 05, 5 38 and 21 77 for the Pr-Eu, Eu-Yb, and Pr-¥Yb
pairs, respectively

The distribution curves are presented in Figures |V and V The ordinates values are the
fiaction Tnr of element present in sach tube (both phases) and the abscissae values are the
corresponding serial number of the tubes
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FIGURE IV

Distribution curves for lsnthanium and thulium sfter a 10 stage
countercurrent extraction process



023,

v — _EXPERIMENTAL
nre
ere . THEDHETICAL
l.“
0.20 ,“ “l '. b
) .

013 :

[ ]

:

'

[}

!

H

010 .

'

]

»

|

\
005 ‘\
\

_— |
20100t muwara ir) 23
FIGURE V

Distribution curves for prassodymium, suropium and ytterbium sfter a 23 stage
countercurrent extraction process

The determination of such fructions have been made by counting the radioisoropes in the
sliquots of both phases nameiy: La 140 and Tm 170 in one case and Pr 142, Eu 152 and

Yb-176 in the other For this purpose a Ge Li detector, coupled to 2 4086 channels
Hewiett Packard analyser, was used

Figure IV shows that lenthanum and thulium sre ccmpletely separated in a 10 stage
process. Figure V shows that a 23-stage process gives a compiete separation of the Pr-Yb pair.

However, # higher number of stages is necessary in order to obtain the compiete separation
between the thres components, that is, prassodymium, suropium and ytterbium
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2 Seperstion of irradiated Ursnium from Some Fission Products

U,0, was irradiated for 500 hours in a thermal neutron flux of sbout 10' *n/s cm? and
cooled for 10 months The rradiated U, 0, was dissolved with concentrated hydrochloric scid
and the resuiting solution was used to 1solate uranium from fision products, special attention
being given to the ! »nthanide elements present in the mixture Practically, the only gamma-rays
emitting lanthsnide radioisotopes present in the mixture. after 10 months cooling time, were
Ce 141 and Ce 144

The uranium n both phases was determined using the epithermal neutron activation
anslysis method'”’, showing that uranium remained n the orgsnic phase The pH of the
aqueous phase was equai 10 1 9 and the concentration of tetracycline in the organic solvent was
equal to 10°° M.

Figures VI and VIi present the gamma ray spectra of aliquots of both phases It can be
seen that no radioactivity due to cerium or cesium was found in the organic phase No
zirconium was found in the aqueous phase, aithough niobium and ruthenium distributed
between both phases.
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FIGURE VI

Seperation of ursnium and fission products: gamma ray tpectrs
of the radiocisotopes present in the organic phase.
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FIGURE VII

Separation of ur nium and fission products: gamma ray spectra
of the ravc0isotopes present in the agueousphrse.
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DISCUSSION and CONCLUSIONS

Formation of compiexes s shown by the shift of the absorption pesak of the pure agueous
tetracychine solutions which s displaced trom 360 nm to about 400 nm for the
tatracyci:ne metal +ons Mixtures

The extraction curves presented 1n Figure I show that the saparation of thornium and
uranmium from the rare earth slements 15 feasibie provided the extraction operation is carmed out
at a convenient pH value The same curves show that in the case of the separation of scandium
from the lanthanide eiements more than one extraction operation will be necessary to obtan a
complete separation

Figure 11 ndicates that it wiil be essier to oban a separstion between the “light”
lanthanides than between the heavy’ lanthamides

Since no hydrotysis of the lanthande slements, in the pH range in which the partition
axpeniments have been carried out, 1s likely 10 occur, and since it has been shown eisewhere by
Nastas: and Lims'8’ that the 1on Cl s not coextractsd with the complex formed, the lower
than 3 siopes found for the log q=t(pH} and log q=f(TC)_ iines can be expluined by taking into
accrunt the step wise formation of the complexes Thus it 1s likely that besides the Ln’ * ions
present in the aqueous phase. the species {(Ln TC) " and (Ln TC, ) should siso be found in the
same phase.

Figure 1V shows that the experimental data.for the mult: stage separation of tanthsnum
ancd thulium are 1n good sgresment with the theoreticaily calculsted values

The d'stribution curves presented n Figure V show that although the recoveriss for
praseodymum europium and ytierbium were quite low, namely 66 B%, 74 0% snd B1.6%,
respectively the distribution of these elements followed the theoretical pattern, except in the
case of europ.um where a shift of the practical curve was observed . relatively to the theoretical
one.
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RESUMO

E spresentado o esrudo de variscéo da extracdo dos 15 elemaentos lentanidios em fungéo de variacio do
pH da fase aquose & também em tungdo da concentreciio de solucio de tetracichine.

E examinads, 1smbem a posibiidade do emprego do sistems tetracicling dicool benzilico pars 8
separacho dos siementos lantanidios entre 51 bem como pare & separacéo do urinio destes slementos.

RESUME

On o é1udié t'extcaction des 15 lanthanides en présence de ta tetracycline o1 de I'alcool benzylique en
fonction du pH de ts phase sgueuss bien que da 1 concentrat:on de |s solution de tetrecychne,

On » suss: étud«& I'amplor du systémae tetracycline-alcoo! benzylique pour séperer les Ianthanides entre
sux bien gue pour s6parsr I'uran um de ces slements,
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