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The extraction of complexes of silver. mercury, cadmium. cobalt, zinc, scandium and some rarc carth
clements (Ln) into benzene solutions of 1,1-disubstituted 3-diphenoxythiophosphorylthiourcas (HA) contai-
ning alkyl and aryl substituents was examined using the radiotracer technique. The complexes AgA(HA),
HgAs CdA, and LAy are extracted into the organic phase, and the extraction increases in order Co. Zn,
(d = Ln << Hg < Ag. The extraction constants werc calculated. During the extraction process using
medium acidic aqueous phases (1 M HNO3). the reageats decompose into the corresponding amines and
(PhO),P(S)NCS.

1,1-Disubstituted 3-diphenoxythiophosphorylthiourcas, (PhO),P(S)NHC(S)NR'R? (HA),
where R and R? are alkyl and/or aryl groups, are weak acids (pK = 7 — 9) which arc
well soluble in benzene, toluene and chloroform! = * and form cxtractable chelates

according to the general Scheme 1
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(the resonance structures are not shown for simplicity). Their synthesis proceeds by the
substitution or addition mechanism. Addition from dry ether can be written as

1 1
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SCHEME 2

The two components react readily in the molar ratio 1 : 15 the reaction is quantitative
except for diphenylamine?. If, in solvent extraction, a mineral acid is present in the
aqucous phase at a concentration not lower than 1 mol 17!, the reaction is reversible and
[HoNRIR?J* cations are formed and pass into the aqueous phase. The formation of
chelate complexes according to Scheme 1 is thereby suppressed™?.

In the present work, the extraction of sclected metals from aqueous hydrochloric or
nitric acid with 1, 1-disubstituted 3-diphenoxythiophosphorylthiourcas was studied. The
metal distribution between the two liquid phases was measured radiometrically using
the tracer technique.

EXPERIMENTAL

Chemicals and Apparatus

The 1.1-disubstituted 3-diphenoxythiophosphorylthiourcas were synthesized according to Scheme 2 by
stirring equimolar quantitics of (PhO),P(S)NCS and TINR'R? in dry cthyl cther for 5 min. Thereafter the
liquid phase was genty evaporated under an infrared lamp and the residue was taken up in dry benzene.
The purity of the products was checked by *'P NMR spectrometry. The reagents themselves gave a single
signal at 3Py 52 - 54 ppm, while the initial (PhO),P(S)NCS (heneeforth 7) exhibited 8C'P) 35.4 ppm
(ref.2). The latter was synthesized following the procedure by Levehenko and Zhmurova®. In the deri-
vatives prepared. R' and R were (propyl)s (1), (butyl)s (111). (isobutyl)s (/V). I tert-butyl (V). H, heptyl
(VD). (octyh); (VID) T p-tolyl (VIHT), (cyclohexyl),y (IX). and methyl, phenyl (X). To assess the necessity for
the reagent to contain sulfur in the ~NHC(S)NR'R? group. the compound (PhO)),P(S)NHC(O)N-
(methyl. phenyl) (X*) was also synthesized as an analogue of reagent X. The synthesis pathway was as
with the sulfur analogue, and its purity was also checked by ' NMR spectrometry? (3(*'P) 53.7 ppm).

The other chemicals used were of reagent grade purity.

The radiotracers YSe, ©Co, ©37n, 19°Cd, HOmAE 1920y 170 g andg 2 were commercial
products (CIS. Poland). They were used in the form of solutions in HCE (0.1 mol 17! for Co and Zn. (.5
mol 17! for Hg). HCO, (0.1 mol 17! for Se. Cd. Fu. T'm) and HINO; (0.1 and 1.0 mol 17 for Ag). Their
specific activities (10° Bq em™) and concentrations (pmol 171 in the working solutions were as follows:
S 10 =300 1 Co 3.5, 440 7n 2, 20 Ag 1030 Cd 30,800 Fu 2.5..0.06 = 0.1: T'm 3, 14: Hg 20, 0.6 - 5.

The gamma radioactivity was measured on an 1185 Automatic Gamma Counting System (Nuclear
Chicago, V.S.A). the *'P NMR speetra were scanned on Bruker WP-200 and Bruker AC-80 instruments.

Procedure

The working solutions of the reagents in benzene were prepared always fresh o be processed the same
day. Five ml ol cach of the organic and aqueous phase were agitated on a rotary shaking machine for
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S min (for mincral acid concentrations 0.5 and 1.0 mol 17!y or 10 min (for mineral acid concentration 0.1
mol 171) at 20 = 1 °C, unless stated otherwise.
After phase separation, 2 ml aliquots of each phase were taken and their gamma radioactivity was

measured in glass vials. The relative standard deviation of the measurements did not exceed 2%.
RESULTS AND DISCUSSION

Metal Distribution and Extraction Kinetics

The extractability of the metals was investigated via their extraction from an aqucous
solution containing a mineral acid (0.1 mol 1= for Hg, 0.5 ml l'l) into benzene solu-
tions of reagents IV and X. The results are given in Table [ as the log ¢ values (¢ is the
analytical concentration of the reagent) for which the metal distribution ratio is equal to
onc. The data demonstrate that only silver and mercury are extracted into the organic
phase to a substantial extent, the remaining metals require high starting concentrations
of the reagents (at least . 1072 mol 17Y. Therefore, the two former metals were
cmployed for the further study.

The extraction Kinetics was investigated with silver. It the acidity of the aqueous
phase is not very high (0.1 mol 11, silver passes into benzene solutions of the reagents
I through X so that no later than in 10 min ol extraction, the distribution ratios attain
constant values: the distribution ratio then does not change even il the extraction is
extended to 1 h, which indicates that the organic phase is stable. The distribution of
silver between HNO; (1 mol 171y and benzene solutions of the reagents (I, 11, 1V, VI, VII:
2107 mol "% VI 3. 1079 mol 171X 2. 105 mol 1" 10 S . 1075 mol l'l) was also
examined. Figure 1 demonstrates that the extraction cquilibrium only establishes with
reagents [ and VI, whereas with the remaining reagents the silver distribution ratio

Tasre 1
. e N . . . -1 . P
Extractability of metals from mineral acids (0.1 mol 177) with reagents IV and X in benzene, expressed as
the reagent concentration for 50% extraction cfficiency

Metal Acid ~log ¢y ~log cy
Ag HNO, 7.2 7.0
Hg Her 5.1 5.4
Tm HCIO, 1.7 1.8
Sc HC10, 1.7 1.5
«d HC10, - 1.4
Fu HC10, 1.6 1.2
Co HCl 1.2 0.9
/n HC 11 0.6

“ener = 0.5 mol 17V,
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rcaches its maximum in 5 to 10 min, thereafter it decreases with stirring time, the
decrease accelerating in order VIII < IV < [Il < Il < VII < IX. This indicates that the
decomposition of the reagents in acid solutions at ¢(H*) = 1 mol 17! is lcast marked for
R! = H and slows further down with increasing length of the aliphatic chain in R!, R2.
It is fast for rcagent IX where R! = R = cyclohexyl. Therefore, a time of extraction of
S min was chosen for the subsequent measurements of distribution of silver from 1 M
HNO;.

Distribution of Silver

The distribution of silver between aqueous HNO; (1 mol 17') and benzene solutions of
recagents / through X in dependence on their starting concentration is shown in Fig. 2.
The high concentration of nitric acid was chosen because the transition of silver
complexes into the organic phase is substantial and an cxcess of reagent against silver
ions must be maintained.

Figure 2a demonstrates that reagent /, containing the functional group P(S)NCS
only, forms a well-extractable silver complex whose transfer into the organic phase
requires a relatively high starting concentration, ¢; 2 5. 107* mol 17!, For the other
reagents, their extracting ability with respect to silver decreases in order VIFE> IV > 1T > 111 >
X >V >VI>VIIl > IX; this series indicates that alkyls are more favourable substituents
than aryls and their optimum length is about C, to Cy. The slopes of the left segments
of the extraction curves of reagents /I through X (Fig. 2) attain a maximum of 2.0 = 0.3.

The dependence of the silver distribution on the acidity of the aqucous phasc at a
constant concentration of sclected reagents is shown in Fig. 3. The slopes attain a mini-
mum value of —1. Thus, the extraction of silver with the reagents /1 through X apparently
obceys the pathway

-5

log O,

-05
Fia. 1
Dependence of silver distribution ratio on time:
¢(1INO3) = 1 mol 17', «(Ag) = 2.56 . 1077 mol 17,
«(HA) (mol I7'): 2. 10° @ IL.QIIL.OIV.MVLO _yg
VIE3 107 A VI 2 107 AIX.S . 107° D 1 0 80
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with the extraction constant
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Distribution of silver in dependence on the starting reagent concentration in benzene. o(Ag) = 2.56 . 1077
mol I, ¢c(lINO) = Tmol I’ a @ L. WIX.OX*: b@I.OIL.OIV.OV. @V, AVIL.®VIII.@X
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Distribution of silver in dependence on the starting
nitric acid concentration in the aqucous phase. ¢(Ag)

—1§1'5 -01~9 * 0‘3 =256 . 107 mol 1™\, ¢(lA) = 2. 10 mol 1”1 O

log Cino, 1. @ IV.oy VI, AVIIL R IX

Collect. Czech. Chem. Commun. (Vol. 58) (1993)



Ixtraction of Complexes of Some Metals 803

where Dy, is the silver distribution ratio. The values of the extraction constant are
given in Table 11

With the oxygen analogue of reagent X (i.c. reagent X*), the extractability of silver
was appreciably lower (Fig. 2a). Hence, the presence of sulfur in the -NHC(S)NR'R?
group scems to be prerequisite for the formation of the best-extractable silver complex.

Distribution of Mercury

Figure 4 shows the distribution of mercury between HCI (0.5 mol 17!) and benzene
solutions of rcagents [, I11, VIII, [X and X in dependence on their concentrations. The
oxygen analogue X* was also used.

The slopes of the curves attain a maximum value of 2.0 = 0.2. The starting
concentration of HCI was chosen higher for mercury than for silver with regard to the

Tawie 11
Extraction constants of silver and mercury”

Reagent (log Keay  Uog Koy, Reagent (log Koy,  (log Ko
; 7.1 17.5 Vi 12.0 -
1 12.4 - vil 12.5 -
1 12.4 25.8 Vi 11.9 22.0
A% 12.4 - 124 10.1 222
v 12.1 - X 12.4 224
X* 6.6 17.5

Composition: “ AgA(HIA); ¥ HgA,.

15+ 1
log Oy
-05¢t 4
Fii. 4
Distribution of mercury in dependence on the starting
reagent concentration in benzene. o(Hg) = 1.87 . 1077
mol 1™ c(1IC) = 0.5 mol T O 1. Al mVIII. =25 . :
* -70 -5-0 -30

X, QX @X log G
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fact that the extraction of HgCl, into benzene alone (without reagent) procceds least
readily at a HCI concentration of 0.5 mol 17! (ref.%).

The dependence of the distribution of mercury on the acidity of the aqucous phase at
a constant concentration of selected reagents and at a constant jonic strength of / = 2.0
mol 17!, adjusted with HCI and NaCl, is shown in Fig. 5. (The nccessity to usc a
constant ionic strength followed from the fact that chloro complexes of mercury are
relatively highly stable.) The minimum slope for reagents /I and X is -2.0 = 0.2. The
dependences indicate that the extraction of mercury can be described by the pathway

Hg® + 2 (HA),, ——— (HgA)),, + 2H* (B)
with the extraction constant
o [HeAL, [P H'P 2
ex T y2+ 2 Tl 2
le l IHA]OYg I}-lAlOl'g

The distribution of mercury follows roughly the same scquence of reagents as the
distribution of silver, the distribution ratios, however, are lower and correction must be
made for the formation of chloro complexes®.

In the aqueous phase the analytical concentration of mercury is

Cligaq = [Hg™ |+ [HgCr] + [HgCly] + [HeCli] + [HgClyT] =
4
= [Hg*]1 (1 + Y BlCrp), €)
i=1
1-0 ' + -
log Oy | 4
-0} +
-20r ] FiG. 5

Distribution of mercury in dependence on the starting
hydrochloric acid concentration in the aqueous phase,

-30 + . = 2.0 mol 1™, ¢(lg) = 1.89 . 107" mol 1"}, c(1IA
-5 =09 g 03 dmat U sle) - JO mol T, e(llA)
9 Cua mol I"'y: 2. 1001, 5. 10° @ X
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where f3;’s are the cumulative constants of chloro complexes of mercury, which must be
taken into account in the caleulation of K ,. Using data of the tables®, we obtain for (1 +
SR, [CIT) at 1 = 0.5 mol 171 a value of 10" so that the extraction constant is

-

K 10" Dy, [HP/ [HA]G,,, - 4)

¢X

Its values for the various reagents are given in Table 11

Distribution of the Remaining Metals

The distribution of some other metals forming divalent and trivalent cations, viz. Zn,
Co, Cd, Sc, Eu and Tm, between the aqueous phase containing a mineral acid (sce
Experimental) and benzene solutions of reagents IV and X is shown in Fig. 6. The
extraction proceeds more reluctantly than in the case of silver or mercury and the
reagent concentration must be chosen higher than 1. 1072 mol 171, The data concerning
the 50% cxtraction are included in Table 1. Slope analysis suggests that the species
passing into the organic phasc are the uncharged ZnA,, CoA,, CdA; and LnA; complexes.

log Dy

-20¢t 1

1. 6
Distribution of other metals in dependence on the /

starting reagent concentration in benzene. Acid: 11C1
for Co, Zn. HCIO otherwise: ¢(acid) = 0.1 mol 17!

Reagent 1V for 731 Se. @ Tm, © Fu, A Co, O Zn: —4'93,2 -2:4 16
reagent X for © Cd. @ Sc. @ Eu, A Co. @ 7n log S, x

REFERENCES

L. Herrmann B, Navratil O.: 28th Int. Conf. on Coordination Chemistry, Gera 1990. Abstracts of plenary
lectures, Vol. I Abstr. Nos 2 - 14,

. Nguyen Thi Thu Chau: Thesis. Luther University. Halle-Wittenberg 1088,

. Channy Tea: Thesis. Luther University, Halle-Wittenberg 1988,

. Levehenko B0 S. Zhmurova S. P Ukr. Khim. Zh. 22, 623 (1956).

. Navritil O. Herrmann E., Slezak P.: Collect. Czech. Chem. Commun. 52, 1708 (1987).

6. Hogleldt L.: Stabidity Constants of Metal-lon Complexes, p. 181. Pergamon Press, Oxford 1982,

N o Wl

Translated by . Adimck.

Collect. Czech. Chem. Commun. (Vol. 58) (1993)





