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USE OF TETRACYCLINE AS COMPLEXING AGENT IN
ANALYTICAL CHEMISTRY!"!

M. J. C. Nastati, M. Saiki and F. W. Lima

ABSTRACT

The behavior of eriacychne as complexing agent in sofvent extraction studms s presented.

The eatraction curves for the lanthanide elements, scondium, thorium, uranium and neprunium have beer:
detarmined for the extraction systsm benzyl alcohol-tetracycline, a3 well ss the acid and extractant depcndences of
fxtraction of the lanthanide elements.

Separation between uranum and neptunium has bean performed by carrying out the extraction experiment at
8 proper PH value.

Use has been made of masking agln‘! ,tnnmcly. ethy PR ¢ ic acid (EDTA) and
diethylenetriaminepentaacetie acid (DTPA), in order to nhwmu'hunom of uranium from scandium and fanthanides os
well as of uranium and thorium, respectively.

The extrection experiments were carried out by using radicisotopes of esch el . axcapt for uranium in
which case the determinations were made by using epithermal neutron sctivati lysi
INTRODUCTION

The antibiotic tetracycline(TC) has been used as complexing agent for several elements'?-4/8).
Studies have been carried out in owr laboratories concerning the behavior of TC as complexing agent for
the lanthanide and actinide elements. Previous works dsalt with the solvent extraction behavior of the
complexes formed between the TC molecule and the lenthanide slements using benzyl alcohol-TC as
extractant'”) and the determination of the stability constants of such eomplemm.

This paper presents the studies in connection with the variation of percentaga of metal
extracted into the organic phase as function of pH snd of concentration of the extractant for all the
15 lanthapide elements, the use of TC-benzyl alcohol for the extraction of neptunium and the use of TC

in epnjunction with masking agents in order to obtain separation of ursnium from lanthenides, scandium
and thorium.

EXPERIMENTAL
1 — Preparstion of Solutions

The radioisotopes of the lanthanide elements wers obtsined by irradistion of tieir respective
oxides (Johnson Matthey) in a thermal neutron flux of sbout 5 x 10* 2 n.cm~* .sec™! for 0.5 or 8 hours,
according ) the nuciesr properties of sach perticular redioisotope. After irradistion, the oxides were
dissolved in hot hydrochloric acid or perchloric acid depending on the supporting electrolite to be added
0 -the aqueous phase, ie., NeCl or NaClO,. The solutions ware then diluted to the desired
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concentrations that ranged from 10°* to 10" *M in metal ion. '47Pm carrier-free isotope was obtuined
from New England Nuciear (Boston, Mass.) and suitable aliquots of the original stock solution were
diluted with 0.1 N HC solution. 73%Np was separated from irradiated U, O . biradiation of U;0p was
carried out 1siNG cadmium containers, in ordes 1o practically eliminate the theymal neution fission of
2350. The 739Np carrier-free radwisotope was isolated from the wanum solutions by coprecipitation
of neptunium in the +Hi oxidation state with lanthanum ﬂuoride‘!". Radiosctive purity of nng
radioisotope used in the solvent extraction experiments was checked by half-life determinations for
which integral mode counting was carried out using a 5.0 x 4.4 cm well-type Nal(Tl) detector coupled t©
a single channel gamma-ray spectrometer. The half-life corresponded to 2.35 days, in agreement with the
tabulated halt-life of 239Np. The gammaray spectrum obtained using a Ge-Li detector (27 cm® and
with a resolution corresponding to 2.1 keV for the 1.33 keV photopeak of §0Co) presented only the
239Np photopeaks. The 234Th tracer was obtained by passing an uranyl nitrate solution through a
column of slumina and removing 234Th with hot HCI!").

Uranium and thorium solutions were prepared by dissolving U, 0, and ThO, with nitric acid
solution,

Tetracycline hydrochloride{TC) was dissolved in benzyl alcohol (p.s. Carlo Erba) previously
washed with distilled water. The concentration of TC in the alcohol was 1072 M and the solution was
used within six hours after its preparation.

2 — Mode of Operation

The extraction system was made up of 5.0 mi of 10”2 M benzyl sicohol-TC solution and 5.0 ml
of the aqueous solutions of each of the radioactive lanthanide tracer (107 M to 10™ *M) or of the
239Np carrier-free radivisotope, or of wanyl nitrate {7.0x10° %M in U) or of thorium nitrate
5.0x10°* M in Th).

For the study of acid and extractant dependences of the extraction of the ianthenides as well
as for 239Np studies the supporting electrolite was NaCl at a concentration equal to 1.0 M. In the cases
where masking agents were present in the extraction system the aqueous phases were 0.1 M in NaClO,.

The acid dependence of extraction of the lanthanides was studied between pH 1.50 and 3.50
and between 0.50 and 2.00 for thorium, uranium and scandium. The extractant dependence wes studied
for a TC concentration range varying from 1.25x 10°7 W 10 20.0 x 1072 M. In this case the pH vsiue at
which each set of experiments for a specific lanthanide wes carried out was heid constant, Table |,

Table |
PH Valuas at Which Extractant Dependence Was Studiad

Element pH

Ls 3.00
Ce 3.00
Pr 3.08
Nd 280
Pm 280
Sm 2.50
Eu 246
G 280
To 240
Dy 230
Ho 240
Er 236
m 240
Yb 240
Lu 230




The masking ment, ethylendisminewtraacetic acnl (EDTA) o diethylenctriaminepentaacetic

wird IDTPAY e whded o the aqueous phases so that its finel toncentration was equal to
2H2 1) A

The pH values of the aguecus phases were adjusted by adding dilute acid solutions {HCI
e MG, and dhlute NaOH solution. Both phases weve then equilibrated by shaking mechanically
for AW rmantes at & tepnwrature of 250 ¢ 05'C The phases were then separated, centrifuged, the
pH ' the aqueotis phases Mmeasured and one milliliter  aliquots of both phases were withdraw for
courting. Whenmpy there was only one radioelement present in the samples a well-type Nal{Ti)
scinbifation conter, coupled to a single channel analyser was used for integral mode gemma-ray
countmy. In the case of samples contaiing more than one radioelrment a Ge-Li detector coupled
0 a 4096-channel analyses was used. A propurtional gas flow counter wa used t0 measure the
activities of "47Pm samples.

Concentration of uranium in both phases was determined by epithermal neutron activation
analysie!3), by measuring the activity corresponding to the 74.6 keV photopeak of 39y,

RESULTS AND DISCUSSION

1 - Extraction Behavior of the Lenthanide Elements and Neptumium = Function of pM

Figure 1 presents the extraction curves (percent extraction (%E)xpH) for the
15lanthanide elements besides those for thorium, wanium and scandium obtained when 3 107> M
benzyl aicohol-TC solution was used.

T he sure that the metals were extracted as the metal-TC complexes, experiments were
carried out in which the respective tracer solutions were agitated with Denzyl sicohol slone, ie., in
the absence of TC. This set of experiments was accomplished covering the pH range st which the
extraction curves were obtained and all the values found for the percent extraction of metals were

below 0.50%. Such values found were probably due to the slight miscibility between benzy)
alcohol and water.

Figure 1 shows that it will be necessary to resort 10 » multistage extraction procedure if

a separation between any pair of the lanthanide elements or between wanium and thorium is to
be achieved.

Figure 2 shows the extraction curves for ursnium snd neptunium, considering the benzyl
alcohol-TC system. It can be seen that in this case it is rather simple to obfain 8 good seperation
between ufapium and neptunium by 8 mers choice of the pN velue st which the extraction
procedure is to be carmied out.

) To demonstrate the effectiveness of such ssparstion procedurs an extraction experiment
was carried out in which the aqueous phase consisted of a8 solution obtsined by dissolving uranium
(U;04) irradiated for Bhours with thermal neutroms and et 1o cool for 18hours in ordor to
grow 23%Np. The organic phase was a 10" M benzyl aicohol-TC solution. The pH of the squeous
phase was adjusted to the value 1.00 end the extraction procedure was sccomplished ss previously

described. The percentage of both metals found in the organic phase were 96.0% for U snd 2.6%
for Np.
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Figwe 1 — Extraction Curves for Th, U, Sc snd Lanthenide Elements. Conoentration of :

TC:102 M
Al metat jons: 10°* M

NeCl: 1.0M
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Figwe 2 — Extraction Curves of U and Np. Concentration of
NeCl: 1.0M
TC: 10t M
U:5x10" %M
239Np: carrier-free

11 — Acid Dependence and Muiti-Stage Separation of the Lanthanides

Figure 3 presents the acid dependence of extraction of the lanthanides. The siopes of the
lines obtained by plotting the logarithm of the distribution ratio (B} es function of pH,
logD=apH +b, found for each of those elements are shown in Tabie Il.

The separation factor for any pair of lanthanides were calculated for soiutions of pH
equsl w0 2.50 giving the values, for the pa'rs Pr-Eu, Eu-Yb and Pr-Yb, 4.05¢ 5.38 and 21.77,
respectively. Taking into account the values found, a 234tage procedure for seperation of
‘prastodymium  europium and ytterbium was carried out.

Figure 4 shows both the experimental and theorstica) distribution curves. The ordinate
velues correspond to the fraction of element present in each tube {both phases) and the abscissa
veluss correspond to the serial number of the tubes. The determination of such fractions has been
mede by couriting the radioisotopes present in sliquots of both agueous and orgenic phases,
namely, '42Py, 1526y and 178YDb, It can be seen in Figure4 thet s 23stage process yieids
complete separation of the Pr-Yb pair. However, s higher number of stages is necessay in order
10 obtsin the compiete separation of the three components.
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Figurs 3 ~ pH Dependence of the Extraction of Lanthanide lons into Benzyl Alcohol-Tetrecycline
Concentration of:
NeCl: 1.0M
TC:10°* M
Lanthsnides: 10" * M
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Tabla 1t

Stopes of the Lines Log D = apH + b for the Lanthanide Elements

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er ™ Yb Lu
a 236 231 239 247 250 246 246 248 257 266 259 246 245 2.6 237
g, 006 003 004 004 003 002 002 003 005 002 003 002 003 004 005
t.c. 6998 0899 0999 0999 0999 0999 0999 0939 0999 0999 0999 0999 0999 70 999 0.999

g, = Standard deviation of a.
c.c. = Correlation Coetficient.
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1l — Extractant Oependence

The leist square methord was uswdd W Jetermme  the stopes of the lines obtainerd by
plotting  the logaithm of distnbuton 1ane (D) versus  tetracycline concentration for each of the
lanthanides. The values obtained are shown m Table 111,

Since no hydrolysis of the lanthamde elements is likely o occur in the pH range in which the
partition experiments weee cariert out and since it has been shown!?? that the ion C1 is not corxtractind
with the complex formed, the lower than 3 slopes’ values tound for log D as a function of pH or & a
function ot tetracychine concentration in the organic phases, would indicate a stepwise formation of the
complexes.

IV — Separations Using Masking Agen

1V.1 - Separation of Uranium from Scandium and Lanthams:

Figure 5 shows the extraction curves for scandium, uranium, thulium, europium and lanthanum
when the extraction system benzy} alonhal-TC (102 M) was used without masking agent. It can be seen
in Figure 5 that separation of U from Sc, La, Eu and Tm would only be possible by use of a milti-stage
extraction procedue
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Figure 5 — Extraction Curves for U, Sc and Lanthanide Elements Using Only Bemzyl Alcohol-(C
Solution )
Concentration of:
NaCiO,: 107! M
TC: 1072 M
U:7x10' M
Sc: 10" M
Lanthanides: 104 to 10" ‘M




Tabie IH

Stopes of the Lines Log D = apH + b’ for the Lanthanide Elements

S e

Eu Gd Tb Dy Ho Er ™ Yo te
LY 240 252 258 265 252 250 263 265 264 266 270 259 280 280 285
g, 006 010 OD5 007 008 006 008 005 004 O00O& ©0O7? 002 004 003 003
cc 0997 0994 09599 0997 0996 0997 099 0999 0993 0998 0998 0999 0999 0999 0.399

Q
[}

. Standard deviation of a".

n
n
1}

Correlation Coefficient.

1]}
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However, masking of scandium-TC and of the lanthanides-TC reactions with EDTA wi?h the
tormation 0! non-extractable Sc-EDTA and lanthanide-EDTA complexes, gives an excelient separation (?f
uramum from both scandium and the lanthanides. In this case uranium is extracted irrto the organic
phase as the uranyl TC complex while scandium and the lanthanide elements remain in the aqm?us
phase as non-extractable EDTA complexes. Figure 6 si...s the extraction behavior of uranium, scandium
and the lanthanides in the extrartion system benzyl alcohol-TC plus the masking agent EOTA.
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Figure 8 — Extraction Cuives for U, Sc and Lanthanide Elements Using EDTA as Masking Agent,
Concantration of:

NeClO,: 107! M

TC:10? ™

U:Bx10*Mm

Sc:19°*Mm

Lanthanides: 10°* 10 10" *M
EDOTA:25x 1072 M

The stability constants for the lanthanides-EDTA and Sc-EDTA complexes'®! are higher then
the ones for the lanthanides: TC complexes'’. Consequently, TC does not displace the lanthanides
and scandium from their respective EDTA compiexes, which remain in the squeous phmse while
urenium is extracted into tha orgesnic phase.
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V.2 — Separationa of Uranium and Thorium

Figure 7 shows the extraction curves for uranium and thorium. It can be seen in Figure 7 that
separation between these two elements by pH change would he a rather inefficient method since the
curvces lie too close to each other.
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Figure 7 — Extraction Curves of Th and U Using Only Benzyl Aicohol-TC Solution. Concentration of:
NaClO4: 10°' M
TC:10°* M
U:7x10° M
Th:5x 10°* M

Figure 8 shows the extraction curves for uranium and thorium when EDTA was tried as
the masking agent added to the benzyl alcohol TC system. It can be seen in Figure B that masking
of thorium-TC reaction with EDTA is not effective to prevent thorium extraction together with
uranium.
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Figure 8 — Extraction Curves for U and Th Using EDTA as Masking Agent. Concentration of:
NaCIO,: 107" M
TC: 102 M
U:6x10°*M
Th:5x10°* M
EDTA:25x10°' M

Fowever, masking of thorium-TC reaction with DTPA, forming the non-extractable
Th-DTPA complex, gives an exceilent separation of both metals, with thorium remaining in the
aqueous phase. Figure® shows the extraction curves for uranium and thorium in a mixture of
uranyl nitrete and thorium nitrate, when the masking agent UTPA is added to the benzyl
alcohol-TC system. The pH range at which the amount of thorium extracted is practically nil lies
between 2.0 and 2.8.

Although the stability constant of the complex Th-EDTA is high!®? {log 8 = 23.2), thorium was
partially extracted into the orpanic phasz {benzy! alcohol-TC) under the experimental conditions
described, indicating a displacement of thorium by TC from the complex Th-EDTA. Preliminary
experiments has shown that the complexes Th-EDTA as well as Th-DTPA were not extracted into
benzyl aicohol if tetracycline was not present in the organic phase. The same is true for the complexes
uranyl EDTA and urany!-DTPA which are not extracted by pure benzyl alcohot
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Figure 9 — Extraction Curves for U and Th Using DTPA as Masking Agent. Concentration of.
NaClO,: 10°' M
TC:10°* M
U:7x10°%M™
™ Ex10°*M
DTPA: 25x 10> M

The stability constant of Th-DTPA complex is rather high!®) (log>27) and there is no
displacement of Th by TC from Th.DTPA complex. Consequently the extraction of thorium into benzyl
alcohol-TC does not take place when DTPA is present. The complex urany)-TC is preterentially formed
over uranyl-DTPA complex. The result is that uranium is extracted into the organic phase (benzyl
alcohol-TC) as the complex uraniyl-TC and thorium remains in the aqueous phese as the complex
Th-DTPA, which is too stable to be broken by tetracvcline, allowing, in this way, 3 separation between
thorium and uranium,
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RESUMO

Sdo apresentadas s curvas de extracio de lantanfdios, escandio, tério, urdnio @ neptinio considerando-se o
sistema de extragdo fywmado por uma solug3o de tetraciclina em Alcool benzflico. B~também exsminada a extragdo dos
lantanfdios em fu.. 40 do pH da fase aguosa e da concentragdo do mente axtrator na fste orgénice.

E astudeda a separaciio nnire uranio e neptinio pala escotha do valor adequado do pM ds fase aquoss.

Os agentrs mascarantss, acido atilendiaminntetraacético (EDTA) e dietidenotrigminopantaacéticn (DTPA)

foraen padlers ot S e go e en patre Wz ire o e ing o entie AN & 1H1I0, TESpeCtivamente.
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Qs sxperimentor faram mahizados usando solugbes dos radivishtopos dos slementos considerados, com excecda
do wramo, do qual tor usulbt uma solugie da Mmistura natural de ishtopos, sando que, neste caso, as determinagies
foram fertas pela téenica de ativagdo com néutrons epitérmicos.
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