
STUDY ON THE SOLVENT EXTRACTION OF THE LANTHANIDE
ELEMENTS, SCANDIUM, URANIUM AND THORIUM USING

TETRACYCUNE AS THE COMPLEXING AGENT'

MAMA JOSE COI'TISIH) XASTASI ami f W LIMA

PUBLICAÇÃO IEA N.°
SeU-rnbm — 1974

INSTITUTO DE ENERGIA ATÔMICA
Caixa Postal 11049 (Pinheiros)

CIDADE UNIVERSITÁRIA "ARMANDO DE 8ALLE8 OLIVKIRA'
8AO PAULO BRASIL



"STUDY ON THE SOLVENT EXTRACTION OF THE LANTHANIDE
ELEMENTS. SCANDIUM. URANIUM AND THORIUM USING

TETRACYCLINE AS THE COMPLEXING AGENT*"

Mana Jose Coutmho Nastasi and FW Lima

Coordenadora de Radioqmmica
Instituto de Energia Atômica

São Pat-lo Brasil

PubMcaçâo I E A N ° 3 5 6
Setembro 1974

* From • thews submitted by Mtn* Jota Coutmho Nistas* 10 «he Institute of Chemistry, University of

Sfo Paulo, m pert'el fulfillmum for a Doctor of SewKfs' Degree



Instituto da Enmia Atômica

Con—Hw

Eng? Roberto N. Jafct Praiidtnta
Prof .Dr.Emil» Mittar - Vic»-Prcitd«rnf
Prof .Dr.José Augusto Martins
Prof.Or.Mihon Campos
Eng? Hvtck) Moâtsto da CosU

Supariottoòanü

Rômulo Ribeiro Pierom



"STUDY ON THE SOLVENT EXTRACTION OF THE LANTHANIDE
ELEMENTS. SCANDIUM. URANIUM, AND THORIUM USING

TETRACYCLINE AS THE COMPLEXING AGENT"

Maria Jose Coutmho Nastasi and F W Lima

ABSTRACT

Acid and 3xt'actant concent-aton* dependence to' The enfacro1-. of ff>e 15 tanttianide e'ementswith

The behav<Our ioward$ iO'vent e* fact on o< u'anum t h e um and scand'um as we" as the study of the
po»»ib<i>iy of ui>ng the iyttem reT'acyc' ne Denjy' a'coho1 'o* the sepa^a^on a* the lantfianide elements and
'or the tepe.'it>on o' u'e^'ufri f 'om Tho»»* cements are pfesenred

INTRODUCTION

Several analytical methods have been developed using tetraryciine, aureomycin and
terramycm as completing agents for various cations

tshidate and Sakaguchi1'' have shown that aureomycin can be used for the colonmttric
analysis of Tti(IV) >ons

Oxford121 presented c method for the detection of aureomycin in the presence of
aminoacids and proteins which depends on the formation of complexes between aureomycin
and Ca(lI) ions

Kohn1-5' used the property of terracycime to form mixed complexes with calcium and
barbiturates, to develop a procedure that combines the use of fluorometry and complexometry
extraction, to analyse the tetracychne antibiotics

Ashton'41 investigated the possibility of using tetracycline as a fluorescent indicator in
the microdetermination of group II cations The method proposed by Ash ton'41 was shown to
be highly sensitive m ultraviolet hght for complexometnc 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 by Masters'51 for the determination of Sr 90 in environmental
graft sample» A furtner study was then undertaken by Masters'6' to determine the feasibility
of application of tetracycline to the extraction of other metallic elements.

The scope of the present work was to verify if tetracycline would form complexes with
the lanthanide elements and to study their solvent extraction behaviour with benzyl alcohol.
Separation of the lanthanide elements as well as of uranium, thorium and scandium was also
investigated



EXPERIMENTAL

I Formation of the Ln TC'" , V TC. U TC and Th TC Complexes

The specuophotometnc technique was used to examine whetner the formation of
complexes between the teuacychne molecule and the lanthanide elements, yttnum, unmum
and thonum d«d cccur

1 Preparation of the Solutions

Aqueous solutions of the lanthanide elements and yttnum were prepared by dissolving
their respective oxtdes (BOH 99 9% punty) m hot concentrated hydrochloric ac<d and diluting
with water in order to obtain 10 ' M metal ion Solutions

The solution containing U0 ; (U) ions was obtained by dissolving ammonium dturanate
!ADUt with concentrated hydrochloric acid After dissolution of the ADU the solution was
diluted to give a concentration of UO; (II) ions corresponding to 10 *' molar

A 10 *M Th(IV! ions solution was prepared by dissolving Th(NO))4 in water and
diluting to the desired concentration

Tetracycline hydrochlonde f Laborterápica Bristol) was dissolved in water and dilutions
were marie to obtam a 10 " M solution

All the aqueous solutions were prepared by using deioimzed water which was further
distilled over quart/

2 Absorption Measurements

The absorption spectra of pj.e aqueous solutions of tetracyclme hydrochioride at
different pH values, of pure metal ions solutions and of the solutions of tet racy dine
hydrochioride plui lanthamde ions, were recorded

The pH of the solutions vaned from 3 0 to 8 0 and the solutions were prepared as
follows: 2 0 ml of a 10 ' M aqueous solution of the metal ion were added to 2 0 ml of a 10 4 M
aqueous tetracycline hydrochioride solution The value of the pH was adjusted with diluted HCI
and/or NaOH solutions and the final volume made up to 5 0 ml

Aliquots of the solutions were transferred to 5 mm silica cells and the absorption spectra
were recordod The apparatus used for this purpose was a Beckman DB spectrophotomtter
coupled to a Beckman 10' Linear log recorder

II Solvent Extraction Studies

1 Preliminary Experiments

' I n wilt ba used at an abbreviation for the lanthamde elements and TC for tht tetracycdne



In order to determine if benzyl alcohol would extract the lanthanide ions by ttself,
partition experiments were earned out by agitating benzyl alcohol with aqueous solutions of
lanthanum and europium radioactive tracers

For the lanthanum experiment the pH of the radioactive aqueous phases varied from 2 90
to 6 80, and for europium it varied from 1 bO to 8 00 After separation of organic and aqueous
phases no radioactivity was detected m the organic phase for both experiments, indicating that
benzyl alcohol alone did not extract the lanthamde ions

For the systems where the aqueous phases were made up of solutions of the europium
tracer and the organic phase of tetracychne benzil alcohol solution, partition experiments were
carried out m the presence and <n the absence of sodium chloride as salting out agent. The
result* of these two series of experiments have shown that the addition of the electrolyte
greatly enhances the metal extraction at any given pH Table I presents the results of such
distribution experiments

TABLE I

pH

NaCI

"VEI

Percent europium extracted <E) as function of presence
and ateeoce of sodium chloride

Yes

2 20

I

14Ú

Mo

2 40

Yes

0 5 ' 3 2 5

No

1 5

2 60 2 80

Ves No

650 Í 50
I

Yes I No

86 0 10 6

1
Concentration of the Tetracycltne Solution 10 ' M
Concentration of the Sod«um Chloride Solution 0 9M
Concentration of the Europium Chloride Solution 10 'M

The results of Table I show that the addition of sodium chloride to the aqueous phase
allow» the extraction of the metais to occur at lower pH values than that needed for the
extraction when sodium chlonde is absent The presence of sodium chloride provides also a
constant ionic strength medium

It was verified that for ,he system considered, the equilibrium between the phases is
attained in 3 minutes However, in alt partition experiments the two phases were snaked for 15
minutei, with inç aid of a mechanical apparatus

The results of pcrtition experiments carried out daily, 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 its properties as an extracting agent

2 Determination of Distribution Ratio



In order to obta n the radioactive tracer solutions of the tanthenide tons their respective
ox«tes were irradiated »n a 1 0 ' ; ncm ;s ' thermal neutron flux tn the research reector
IEA R1 After irradiation they were dissolved with concentrated hydrochloric acid and diluted
to the desired concentration Promethium 147 was fumshed by Nww England Nuclear

Analytical grade benzyl alcohol was used and the tetracyclire hydrochloride was supplied
by Laborteraptca Bristol. Sao Paulo

The concentration of the solution of each of the metal tors studied was 10' * M and the
concentration of the tetracycline hydrochloride solution in benzyl alcohol was 10'2 M

The determination of the distribution ratio was carried out as follows: a 5 0 ml portion of
the aqueous phase containing the nuclide under study was added to 1 0 ml of a 6 3 M sodium
chloride solution, so that the final ionic strength of the aqueous phase was n - 0 9 To this
aquoous phase a 5 ü ml portion of the tetracycline benzyl alcohol solution wa* added. After the
addition of the organic phase the pH of the aqueous phases was adjusted by adding small
volumes of dilute solution of hydrochloric acid and/or sodium hydroxide A Metrohm Heriseu
E 3506 pH meter coupled to a Metrohm combined electrode was used to measure the pH
values

After shaking both phases during IS minutes, at room tempe> ?ture, they weie allowed to
settle and each of them was centnfuged for 5 minutes

One milliliter aiiquots of both phases were than taken for gamma counting using a gamma
spectrometer coupled to a 5 00 x 4 38 cm Nal(Tl), well type scir filiation detector In the cate
of Pm 147 the activity was measured using a proportional gas flow counter

In the case cf uranium, concentrations of the element in the various extracted solutions
were determined by epithermal neutron activation analysis following the technique presented
by Atallaand Lima'7 '

RESULTS

I. Formation of the Complexes

Figure I shows the wavelengths of maximum absorbence of pure tetracycline solutions
and those of the lanthanide tetracycline mixtures as well as of the mixtures containing uranium
or thorium, at several pH values

The change observed in the wavelength of maximum absortance of pure solutions of
tetracycline (360 nm) relative to that of the mixtures, shows complex formation between the
various ions and tetracycl'ne
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I I . Solvent Extraction Behaviour

If 1 Acid

Figure II presents the extraction curves of thorium, uranium, scandium and the
lenthanide elements, exception made to gadolinium, erbium end lutetium Although the
extraction curves for these three elements have been experimentally obtained, they ere not
presented in Figure I I , since the curve for gadolinium coincides with the one for europium end
the curves ot erbium and holm turn coincide with the one for dysprosium This occurs etso with
the curves for futetium and ytterbium

too

FIGURE II

Extraction curves for thorium, uranium, scandium and the lanthewida elements.
Concentration of tetraeydinc solution: 10 ? M, of metal ions: 10"' M, ionic «treat»: 0.9.



From the extraction curves 't can be ieen that separation between thorium, uranium and
scandium, from the Ian than ide elements, can be achieved provided the extraction operation >s
carried out at a suitable pH value Thote curves show also that a single extraction operation is
not enough to separate subsequent lantrumde elements one from the other, as, in general, is the
case for the lanthamde elements In order to get this separation a multiple countercurrent
extraction procedure has to be used

Figure III is the graphical presentation of the logarithm of the distribution ratio q as
function of pH of the aqueous phase The sopes of the itnes for each one of the lanthanide
elements are shown in Table 11

From Figure III it may be seen that it wiil be easier to get a reparation between the
members belonging to the group of the light" lanthanides than between those of trtfc 'heavy"
Ian than ides

-)OO J'.O

FIGURE III

pH dependence of the extraction of lanthanidc iom into Mtracydine-benzyl alcohol.
Concentration of tttrteycliiw solution 10' * M,
of liinthanide iom 10'5M, ionic strength: 09



00

c.c

La

2 36

a 06

0.16

0996

Ce

231

0 03

6 77

0 08

0399

Pr

2 39

0 0 4

6 6 3

TABLE II

Pinwwwn of the lio* lof q = • pH + b far tt>* lenttianirfe elements

0.10

0.999

Nd

2 47

0 0 4

6 50

0 10

0999

Pro

2S0

0OJ

6 51

0 0 8

0999

Sm

246

0 02

6 28

0 0 6

0999

Eu

246

0 02

620

0 05

0999

Gd

2 48

0 03

6 24

0 07

0 999

Tb

2 57

0 0 5

6 19

0 1 2

0 999

Ov

2 66

0 0 2

6 30

0 0 6

0999

Ho

2 &9

0 03

6 0 8

0 0 9

0 99

0 0 2

6 77

0 0 4

0999

Tm

2 45

0 03

6 67

0 07

0999

0m • Standard Deviation of a.

Ojj Standard Deviation of b.

c c : Correlation Coefficient

Yl,

004

S 8 6

0 0 8

Lu

2 Í7

0 0 6

S 3 9

0 12

0999 0999

. i
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II 2 Extractant

The variation of the distribution ratios as a function of the concentration of the
tetracvctine in the organic solvent was determined for the 15 lanthanide elements, the pH and
ion* strength of ins aqueous phase being held constant The least square method was used for
determination of the slopes of both lines tog q=f IpH) and log q=f|7C) for each one of the
lenthanides.

The concentration of the tetracycline solutions used varied in trie range from 1 25x1C"3M
to 20.00 x 10 *M

The slopes of the lines log g as function the logarithm of tetracycline concentration are
shown m Table III

The equilibrium or extraction constant K for the extraction equation:

M j ' • N{HA>0 „,

is K - - ™ — ;- - q

(sub index a: aqueous phase; o: organic phase)

By taking the logarithms and rearranging, one has

logq= logK + N pH + N

For a fixed vah'e of [HA^ the extraction constant K can be calculated from the intercept
at the origin for the above equation

•oBK-logqpH.0.NIoglHAJ0

The calculated values of the extraction constants for the 16 lanthanide elements are presented
in Table IV.



TABLE III

Slop» «4 tha (inw: lot q' = •' laf I TO + V for lha lantftamda atamamt

a'

<V

C.C.

La

2.40

0.06

a 997

C»

2.5?

0.10

0.994

Pr

2 58

0,05

0.999

Nd

2 65

0.07

O 997

Pm

252

0.08

0 996

Sm

2.50

0.06

0.997

Eu

2.69

0 0 8

0996

Gd

2 65

0.06

0.999

Tb

264

004

0999

Oy

2.66

0.06

0 998

Ho

2 70

007

0998

Er

2 59

0 02

0999

Tm

280

004

0.999

Vto

280

004

0.990

2 55

003

0999
1

°m' : Standard Deviation of a',

c c : Oorral«tion Coaffioani.



TABLE IV

Extraction constants. K. for the tyttwms lanthanHta «4«m«nt» Mtracyclm*

Un

< log Kt

La

2.37

C*

1 73

P f

1 47

Nd

1 20

Pm

1 47

Sn\

1 28

Eu

0 82

Gd

0 9 4

Tb

096

Ov

098

Ho

0 6 8

E>

0 59

Tm

0 07

Yb

026

LU

029
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APPLICATIONS

1 Separation of Some of the Lanthanides Using Tetrecycline at the

Extracting Agent

From the log q=f(pH> lines presented in Ftgure HI the distribution ratios of all the
lanthantdes. at any given pH value, can be evaluated Therefore tht; separation factor» of any
pair of lanthamde elements can be calculated, giving an indication of the feasibility of a
separation between the two elements

Such separation factors. 0. have been calculated for solutions of pH equal to 2 50 Taking
into account the found 2 values the following separations have been earned out: lanthanum and
thulium; praseodymium, europium ar>d ytterbium

A multiple extraction procedure has been used in both cases For the lanthanum thulium
pair, whose separation factor is 52 55. a 10 stage extraction procedure was enough, while for
the praseodymium, europium and ytterbium mixture a 23 stage extraction was required, since
the value? of 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 IV and V The ordinates values are the
f. action Tn r o* element present m each tube (both phases) and the abscissae values are the
corresponding serial number of the tubes

r. .•_

FIGURE IV

Distribution curve» for Itnthanium and thulium ifttr a 10
countercurrent extraction process
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'rir

0.20
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EXPERIMENTAI
THiOHETlCAt.

0.10

0 03

10 15
FIGURE V

20 tun NU»4I« CI 23

Distribution curve* for praseodymium, europium and ytterbium after a 23 stage
eountercurrent extraction proce»

The determination of such fr«ctions have been made by counting the radioisotopes in the
aliquot» of both phaeai namely: La 140 and Tm 170 in one caie and Pr 142. Eu 152 and
Yb 175 in the other For this purpose a Ge Li detector, coupled to a 4096 channels
Hewlett Packard analyser, was used

Ftgur*. IV shows that lanthanum and thulium are completely separated in a 10 stage
process Figure V thom that a 23-stege process gives a complete separation of the Pr Yb pair
However, a higher number of stages is necessary in order to obtain the complete separation
between the three components, that i i , praieodymium, europium and ytterbium
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2 Separation of Irradiated Uranium from Some Fission Products

U}Og was irradiated for 500 hours in a thermal neutron flux of about 10 ' ' n/s cm1 and
cooled for 10 months The irradiated U }0» was dissolved with concentrated hydrochloric acid
and the resulting solution was used to isolate uranium from fision products, special attention
being given to the lyittiantde elements present in the mixture Practically, the only gamma-rays
emitting lanthenide ràdiotsotopes present in the mixture, after 10 months cooling time, were
Ce 141 and Ce 144

The uranium m both phases was determined using the epithermal neutron activation
analysis method'7>, showing that uranium remained in the organic phase The pH of the
aqueous phase was equal to 1 9 and the concentration of tetracycline in the organic solvent was
equal to 1 0 : M

Figures VI and VII present the gamma ray spectra o* abquots 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, although niobium and ruthenium distributed
between both phases.

I 4 \
) O6

. / A.- .

FIGURE VI

Separation of uranium and f lesion products: gamma ray tpectra
of the radioi»otopet present in the organic phase
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O6
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t>9Ò ÉNEPGY

Ct-iJ'

FIGURE VII

Separation of ur tiurn and fiuion products: gamma ray tpactra
of tht rauioisotopts prattnt in th«aquaouiphnM.
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DISCUSSION and CONCLUSIONS

n of complexes is shown by the shift of tht absorption peak of tht pur* aqueous
tefacyclin* solutions which >* displaced from 960 ran to about 400 nm for the
t«tracyci>ne meta> *on* mixtutes

The exfaction curves presented in Figure II show that the separation of thorium and
uranium from the rare earth elements •$ feasible provided the extraction operation is carried out
at a convenient pH wilue The «me curves show that m the can of the separation of scandium
from the lanthamde elements more than one extraction operation wtll be necessary to obtain a
complete separation

Figure III indicates that it will be ****** to ofr'am a separation between the "light"
lanthanides than between the heavy' lantham&s

Since no hyd'Otyvs of the lanthamde elements, in the pH range in which the partition
experiments have been earned out. is likely to occur, and since it has been shown elsewhere by
Nastasi and Luna18' that the ion Cl is not coextracted with the complex formed, the lower
than 3 slopes found for the log q=f (pH) and log q=f (TC)olines can be explained by taking into
accrtint the step w i * formation of the complexes Thus it is likely that besides the Ln1 * ions
present in the aqueous phase the species <ln TO' * and (Ln TCj )* should also be found in the
same phase.

Figure IV show» that the experimental dataJor the multistage separation of lanthanum
and thulium are m good agreement with the theoretically calculated values

The distribution curves presented *n Figure V show that although the recoveries for
praseodym<um europium and ytterbium were quite low. namely 66 8%. 74 0% and 81.6%,
respectively the distribution of these elements followed the theoretical pattern, except in the
case of europ'um where a shift of the practical curve w » observed, relatively to the theoretical
one.
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RESUMO

É apr««mado o asrudo da vanaç<° da txvtçào do* IS e'amemot lantan'd>os am função da vanacfo do
pH da fate aquoM e também em 'unçio da concentração da toluçio da tetracict'n».

É txaminada, também a powibmdad» do amprago do *i«tama tetrKic'in* tlcool beniilico p#ra a
Mparaçác dot etementoi !amanfdiot anrra *> btm como para a «aparaçio do urámo dtirei tltmanto*

RESUME
On $ étudié t «xfactioo dm IS lanthanidei an pretence dt 'a tetracycima «f de lalcool bentyliqua en

fonctton du pH d« '» phase aqueusa bien que dê la concentration de la solution d» tttracycline.

On » au»i étud<é lempioi du tytteme tttracyc'inealcooi banzyliqiM pour iép«r*r inlanthanideiantre
•ux bian qua pour «épara' luran-um de CM etamanti.
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