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Extraction of Zinc and Copper Nitrates by Methyl Diphenyl Phosphate

By Alexander Apelblat * and Reuben Levin, Atomic Energy Commission, Nuclear Research Centre, Negev,

P.0.B.9001, Beer-Sheva, israel

Extraction equilibria in the zinc nitrate~water—methyl diphenyl phosphate (MePh,POy) and copper nitrate—water—
MePh,PO, systems have been investigated. The data found are consistent with formation of partially dissociated

[Zn(NO3)5(H50)5(MePhyPO,) 5] and [Cu(NO4),(H0)3(MePhyPO,)s] complexes.
equilibrium constant for complex formation K =

THis work is a continuation of our investigations on
extraction equilibria in systems involving MePh,PO,.1
Thermodynamic analysis of partition data in the ternary
zinc nitrate-water-methyl diphenyl phosphate (Me-
Ph,PO,) and copper nitrate-water-methyl diphenyl
phosphate systems is discussed.
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In the case of zinc, the
(36 £ 0-7) x 10-% (mol kg=* MePh,PO,)~1.

EXPERIMENTAL

The salts Zn(NO;), and Cu(NO,),, supplied by Merk,
were used without further purification. The partition and
density measurements have already been described.®
The Zn?*" and Cu** cations were determined by ethylene-
diaminetetra-acetic acid (Hyedta) titration or by spectro-
photometry.?
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RESULTS AND DISCUSSION

Zn(NOgy)s-H,0-MePh,PO, System.—The extraction
of nitrates by neutral organophosphates can usually
be presented as reaction (1) (M = Zn or Cu), where it is

— K
M2+ 4 2NO,~ -+ gMePh, PO, -+ AH,0 ===
M(NO,) (MePh,PO0,),(F,0)," + NOz~ (1)

assumed that the complex in the organic phase is
partially dissociated; gand % are solvation and hydration
numbers, respectively, and species in the organic phase
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Lquilibrium distribution of zinc nitrate (O)
and copper nitrate (@)

I"igure 1

arc marked by a bar. The equilibrium constant of
the reaction is given by equation (2), where the activity

K = dojayay'ig @)

of the complex a, = (iyy.)* and that of the nitrate
ay = 4(myy,)® (m = molality). The activity of water,
aw, and activity coefficients of the nitrates, y,, are
known.® The activity of methyl diphenyl phosphate,
ds, equilibrium constant, K, stoicheiometry (¢ and 7),
and activity coefficients of the complex, y,, were de-
termined in this work from partition and density data.
The equilibrium distribution of zinc nitrate between
the aqueous phase and MePh,PO, is shown in Figure 1
and the total water content of the organic phase,
[Tf:(f] = (y, in lligure 2. The solvation number was

found to be ¢ =3 (¢ = dinD/dIn[MePh,PO,]; D =

1477

siiyfmy) from a dilution experiment with benzene
(MePh,PO,CeHg is an almost ideal mixture). De-
termination of the hydration number % = 2 has also
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TIGURE 2 Water content of the organic phase, éw, as a function
of aqueous zinc nitrate (O) and copper nitrate (@) con-
centrations

been described ¢ (b = d[H,01bound/dC7n, where [H,0]bhouna =
Cw — m]diss.)- In the case of independent dissolution
and complexing of water, [H,0las. is given by the
distribution of water in the MePh,PO,~H,0 system
[equation (3)],! where the activity of water, ay, in zinc

Inay = In[H;0] 4. — 0-2323[F,0 1. — 0-0488  (3)

nitrate solutions is known.® This is the Setchenov
equation, lnaw/tw = Mw + %k, where A and %k are con-
stants. The total water content was plotted in the
form ¢w = flaw) [Figure 3, curve (3)], obtained by
eliminating ¢z, from ¢éw = flcz,) (Figure 2) and from
aw = f(cza).? As can be seen [Figure 3, curves (1) and
(3)], the water content of the organic phase closely obeys
equation (3) (i.e. [H;0] ~ [HyOlais) as long as the
concentration of nitrates in the organic phase is low.
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FicureE 3 Water content of the organic phase, Cw, as a function
of water activity in zinc nitrate (1) and copper nitrate (2)
solutions, and as calculated [curve (3)] from equation (3)

Activities of MePh,PO,, ds, were calculated from
equation (4),% where Mg denotes the molecular weight

ln(ds/dsw) — f”&[ Fdll’l(lm;
0
F— Mg [ 1Fiwmy o
= 1000 \ 5551

8 R. A. Robinson and R. H. Stokes, ‘ LElectrolyte Solutions,’
2nd edn., Butterworths, London, 1959, pp. 487, 499-—500.
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of the phosphate; the activity of methyl diphenyl
phosphate saturated with water, dsV, is 0-80. The
integral (4) was evaluated by a computer. Smoothed
activities of MePh,PO, in the form dg = f(cz,) are given
in the Table. Knowledge of the complex stoicheio-
metry, ¢ = 3, and 2 = 2, and the activities aw, ay, and
ds permits evaluation of K/7,% = f(cz,) from equation
(2). The value of K can be calculated from the extra-
polation ¢z, —» 0 (or &z, —» 0). The infinitely dilute
complex in MePh,PO, saturated with water was chosen
as the standard state (ie. ., —» 1 as ¢z, —» 0).

Activities of methyl diphenyl phosphate in the Zn(NO,),~
H,0-MePh,PO, and Cu(NO,),~H,0-MePh,PO, sys-
tems at 25 °C; the activity of pure methyl diphenyl
phosphate is unity

Aqueous
molar
concentration s
of Zn(NOy), . ~ -
or Cu(NO,), In Zn(NQy), In Cu(NOQ;),
0-0 0-800 0-800
0-1 0-802 0-802
0-2 0-803 0-803
0-3 0-805 0-805
0-4 0-807 0-806
0-5 0-808 0-807
0-6 0-810 0-809
0-7 0-811 0-810
0-8 0-813 0-812
0-9 0-815 0-814
1-0 0-817 0-816
1-2 0-821 0-819
1-4 0-825 0-822
1-6 0-829 0-827
1-8 0-834 0-830
2-0 0-841 0-839
2:2 0-845 0-840
2-4 0-849 0-844
26 0-852 0-848
2-8 0-855 0-851
3-0 0-857 0-853
32 0-859 0-854
34 0-858 0-854
3-6 0-855 0-852
3-8 0-849 0-849
4-0 0-837 0-843
4-2 0-822 0-833
4-4 0-804 0-819

Analysis of the (K/$,% curve showed that from ¢z, >
0-00IM (czn = 1M) onward (K/y,?) is almost constant.
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The extrapolation from this concentration region gives
K = (36 £ 0-7) x 10® (mol kg? MePh,PO,)! and
activity coefficients, 7, do not exceed 1-1 for the aqueous
1-—6M-Zn(NOg), range. This fact supports the pro-
posed extraction mechanism [equation (1)]. At lower
concentration of zinc nitrate in the organic phase
(Czn << 0-001M) a gradual change occurs in the partition
mechanism. The picture would probably be clearer
if distribution data for zinc nitrate were extended to at
least ¢z, = 107°M. This would necessitate a different
analytical approach than that used for this work.
Summarizing, extraction of macroscopic quantities
of zinc nitrate by MePh,PO, can adequately be described
by formation of the partially dissociated complex
[Zn(NOg),(MePh,PO,)5(H,0),].

Cu(NO;),-H,0-MePh,PO, System.—The partition data
of the salts Cu(NOgy), and Zn(NO,), (Figure 1) are
identical but the water content is different, especially
in the presence of macroscopic quantities of copper
in the organic phase (Figures 2 and 3). This is shown
by the different hydration number, » = 3. Formation
of the partially dissociated [Cu(NOg)y(MePh,PO,)s-
(Hy0)4] complex is postulated analogous to zinc. How-
ever, evaluation of the equilibrium constant, K, from
extrapolation to zero of &z, was not as accurate as for
zinc and the best tentative value found is ca. 4 x 106
(mol kgt MePh,PO,)l. The activity coefficients of
the copper complex, §,, increase with cg, (and with
Cou), but this concentration dependence is not strong
(e.g. for the highest concentration co, = 4-4M, §, ~ 2-5).
Activities of methyl diphenyl phosphate, as, were
evaluated as those for zinc nitrate (Table 1). In both
systems under consideration ds > @sV in the entire
concentration region, ¢.e. the effect of nitrates is only
secondary and the systems behave like typical binary
(H,O-MePh,PO,) mixtures. The activity of water,
as, decreases with increasing ¢y and that of the phos-
phate, ds, increases in accordance with the Duhem-
Gibbs relation.
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