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Solvent extraction of lead halides with 18-crown-6 (18C6), dicyclo-
hexano-18-crown-6 (DC18C6, cis-syn-cis and cis-anti-cis isomers)
in chloroform was studied, and the extraction constants corrected
for side reactions and ionic strength effects were obtained. The
compounds of the same composition as those being extracted were
also isolated in crystal form. The molecular structure of the
[Pbh(18C6)I,] complex has been determined. Crystals are monoclin-
ic, P2,/n, a=11.237(2), b=10.992(2), ¢=8.139(2)A, B=97.32(3)°,
V=997.1(7)A3, Dc,,c=2.416(2)gcm'~‘, Z=2 for the composition
C,,H,,04PbL,. The final R-factor is 0.043 for 558 unique reflec-
tions. The lead atom is coordinated to six oxygen atoms of the
crown ether and two iodine atoms forming a hexagonal bipyrami-
dal coordination polyhedron. The 18C6 molecule and the two halo-
gen atoms form a hydrophobic coating for the lead atom which
may be assumed to be the main reason of high extraction constants
of the iodine complexes. For 10-coordinate lead ion (bidentate
counter ions) the cis-syn-cis isomer of DC18C6 appears to be the
best extraction reagent, while for 8-coordinate lead ion (monoden-
tate halide anion) no difference between isomers was observed.

INTRODUCTION

The ability of crown ethers to form stable complexes with
lead ion is well known. Crown ethers were also used for
solvent extraction of lead with 18-crown-6(18C6) or dicy-
clohexano-18-crown-6 (DC18C6), and nitrate!-2,
trichloroacetate?, picrate3, Orange-2¢ as the counter ions.
The possibility of lead bromide sorption on crown ether-
loaded polyurethane foams was also shown’. These clarify
the interest being paid to the structure of such compounds.

*To whom correspondence should be addressed.
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The crystal structures of two [Pb(DC18C6)(NO;),] com-
plexes with cis-syn-cis and cis-anti-cis isomers6.7,
[Pb(18C6)(CCI;C00),] x 2CCly; COOHS, and
[Pb(15C5)(CC1;,CO0),(H,0)1°, were studied earlier us-
ing X-ray diffractometry. Recently the study of
[Pb(18C6)(NO;), was performed simultaneously
by independent groups,!%.!! as well
[Pb(18C6) (CH;COO0),] x 3H,0'2.

The possibility of extracting p-block elements from
chloride solutions was reported in several publica-
tions'3.14. Crystal structures of Bi and Sb halides with 18-
membered crown ethers have also been described!>.16, To
our knowledge no structure of lead halides with crown
ethers has been reported.

We have observed an effective solvent extraction of
lead halides by crown ethers 18C6 and DC18C6 (cis-syn-
cis isomer, ‘A’, and cis-anti-cis isomer, ‘B”). The more
detailed investigation of this phenomenon was a goal of
this study.

as of

EXPERIMENTAL

Lead halides were of analytical grade and were recrystal-
lized from water before use. Chloroform (Pharmaceuti-
cal grade) was purified by 6-times stepwise shaking with
equal volumes of water. Triply distilled water was used
in all experiments. 18-crown-6 (‘Aldrich’), and isomers
of DC18C6 (Moscow Institute of Chemical Technology,
ca. 98% purity) were used without purification.

IR spectra (UR-20, ‘Karl Zeiss Jena’) were recorded
in nujol mulls (the same being measured in KBr disks
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were very similar). Some IR experiments were per-
formed in CHCI; saturated with appropriate compound
in 0.04 mm cells vs pure solvent.

SOLVENT EXTRACTION

An aqueous solution contained lead nitrate (0.05-0.1
mmol/L) and appropriate lithium halide. The chloroform
phase contained crown ether (0.5-6 mmol/L). Equal vol-
umes (10/10) of the two phases were shaken for 15 min
at 20°C. After the phase separation the lead concentra-
tion was determined by simple atomic absorption tech-
niques and the distribution ratio Dy, was calculated. The
concentration of lead in the organic phase in blank tests
(pure chloroform without any crown ether, or crown
ether solution without lithium halide addition) at our ex-
perimental conditions was less than 1% of total lead ni-
trate concentration in aqueous phase.

SYNTHESIS

Equimolar amounts of hot saturated aqueous solutions of
the appropriate lead salt and crown ether were mixed and
slowly cooled. Slow evaporation at laboratory tempera-
ture afforded crystals of the lead complexes.

X-RAY DATA COLLECTION AND STRUCTURE
DETERMINATION

Crystals of [Pb(18C6)I,] suitable for diffraction analysis
were obtained by recrystallization from water.

The crystal of size 1.0 x 0.15 x 0.10 mm was mounted
on a RED-4 four-circle diffractometer controlled by a M-
6000 computer. Lattice parameters were obtained from
least-squares refinement of the setting angles of 15 re-
flections with 15<26<20°. The independent reflections

Table 3 Bond distances (A) and angles (°) in [Pb(18-crown-6)L,]

Table 1 Data collection and structure analysis parametres

Molecular formula C,,H,,0,Pbl,
Space group P2,/

Unit cell

a A 11.237(2)

b, A 10.992(2)
c,A 8.139(2)
B, 97.32(3)

V, A3 997.1(7)

z 2
F(000) 664

D g(gem3) 2.416(2)
weme!) 114.91
Radiation MoK ,(A=0.71069)
Number of unique reflections measured 604
Reflections included I>30(I) 558

R(hkl) 0.043

Ry 0.048

w 1/(s(F)2+0.005F2)

Table 2 Final fractional coordinates (x10%) and mean temperature
factors B for non-hydrogen atoms of [Pbl,(18-crown-6)]

Atom x/a Ya a B, A?
Pb 0 0 0 225
I -2627(1) 000(2) 1033(2) 422
o(1) -0785(15) -1697(14) -2375(20) 249
C(2) -1155(26) -1381(21) -4064(14) 5.29
C(3) -1767(18) -0187(17) -3890(32) 2:59
04) -0957(15) 0752(14) -3198(20) 3.07
C(5) -1419(24) 1972(17) -3309(30) 4.40
C(6) -0582(27) 2748(28) -2195(16) 6.19
o) -0516(17) 2378(17) -0513(21) 3.23
C(8) -0048(32) 3327(19) 0573(25) 5.47
C9) 0135(27) 2818(19) 2290(28) 4.86

were measured in the ©/20 scan mode up to
(SinO/A) ;0 =0.53A-1 using MoKo-radiation (graphite
monochromator). The structure solution was obtained by
heavy atom method in CSD-complex!”. Coordinates of
Pb and I atoms were found from Patterson function, all
the others were localized at Fourier-map. After structure
refinement in isotropic approximation the absorption

Atoms Distance Atoms Angle Atoms Angle
C2-01-C9* 110(2) C9*-01-C2-C3 178
Sti'.‘cz 7583 01-C2-C3 102(2) 01-C2-C3-04 66
C9*-01 1.42(3) C2-C3-04 113(2) C2-C3-04-C5 168
C2-C3 1.49(3) C3-04-C5 116(2) C3-04-C5-C6 167
. 1.4403) 04-C5-C6 108(2) 04-C5-C6-07 &5
o 1.433) C5-C6-07 1122) C5-C6-07-C8 161
g 1.48(4) C6-07-C8 111(2) C6-07-C8-C9 173
P 1.4203) 07-C8-C9 108(2) 07-C8-C9-01* %
8?3; 1.4203) 01*-C9-C8 1212) C8-C9-01*-C2* 68
C8-C9 1.49(3)
Pb-O1 2.75(2)
Pb-02 2.81(2)
Pb-03 2.69(2)













