
Notes

Fe(III).
Fe-TTF compounds have an electrical conductivity in the 

range of 10 3-*10 4 S cm1. Those values are in sem
iconductor range. This means that partially oxidized TTF 
are moderately stacked in solid 아ate, and exhibited the 
electrical conductivity in stacking direction. The values of 
electrical conductivity are represented in Table 3.

The mid-peak potentials (E1/2) of TTF in the prepared 
compounds are about 0.00 V for TTF/TTF** couple and 
+0.23 V for TrF^/TTF* couple. TTF molecule 아lows sim
ilar £1/2 values in this work. Similar results were also re
ported for TTF and some heavy transition metal compounds.9

In summary, TTF reacts with hydrated FeCl2 and Fe2(SO4)3 
in methanol to form (TTF)3FeCl3 - 0.5CH3OH and (TTF^sFe 
(SO^ CHaOH respectively, in both of which charge transfer 
has occured to [FeCl3] and [Fe(SO4)2]~ moiety during the 
reaction. The partially oxidized TTFs are moderately stacked 
to exhibit relatively high electrical conductivity. Such inter
stack interactions between TTFs are also supported by the 
temperature-independent magnetic susceptibility arisen from 
the TTF radicals. This small and temperature independent 
magnetic susceptibility, Pauli paramagnetism, is well known 
in low-dimensional semiconductor as a result of band for
mation.10
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Synthetic macrocyclic multidentate ligands such as crown 
ethers become the focus of intense scientific interest for the 
separation of alkali and alkaline earth metal cations from 
aqueous solutions and synthetic efforts have been successful 
in obtaining various macrocyclic compounds.1-4 Some of 
the ligands and metal complexes have several potential ap
plications, including medical treatment,5 imaging,6 analytical 
separation of metal cations7,8 and ion-selective electrodes.9,10 
Recently, Lee et al.n reported the synthesis of biscrwon eth
er derivatives, i.e. (l,2)(4,5)-bis-o-xylyl crown compounds 
in which the macrocycles are connected to the benzene core 
via At-CH2-0 linkages. However, to the best of our 
knowledge, no details on their alkali metal cation com- 
plexation have been appeared yet. Understanding com-

fTo whom correspondence should be addressed. 

plexation at the molecular level provides the basis for metal 
selectivity sequence and binding strength which depends on 
cavity size, steric factors, conformation, ligand basicity, and 
rigidity.12 Although there are several reports on the solvent 
extraction of alkali metal ions with crown ethers, most ex
periments employed monocyclic crown ethers as organic li
gands. Schlotter et al.13 deduced a qualitative insight in the 
metal cation complexation properties of benzo-bis-(18- 
crown-6) from NMR titration studies using potassium 
thiocyanate and potassium picrate. They observed the in
crease of AS (Hz) for benzo-bis-(18-crown-6) in going to 
host/guest ratios 1:2, compared to the corresponding benzo- 
(18-crown-6).

In the present paper, mono- and bis-o-xylyl crown ethers 
of different cavity sizes, i.e.t mono-o-xylyl-(17-crown-5) (I), 
bis-o-xyiyl-(14-crown-4) (II), and bis-o-xylyl-(17-crown-5)
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Scheme 1.

(Ill), were synthesized and their binding properties for alkali 
metal cations were examined by solvent extraction with a 
water-chloroform system. Various counter ions including 
erythrosin B, picrate, iodide, chloride, and nitrate, were 
used to investigate the counter ion effect in extraction ef
ficiency from aqueous solutions.

Experimental

Materials. Mono-o-xylyl-(17-crown-5) (I) was pre
pared by Reinhoudt's method14 and bis-o-xylyl (II and III) 
crown ether compounds were synthesized in our laboratory 
according to the published procedure.11 Their properties and 
analytical data are as follows, (II): colorless needles; mp 
114-115 °C; IR (KBr pellet) 3030, 2940, 2860, 1460, 1350, 
1290, 1250, 1120, 1090, 985, and 870 cm-1;NMR 
(CDC. 200 MHz) 8 7.39 (s, 2H, ArH), 4.76 (s, 8H, ArCH2), 
3.73 and 3.64 (two s, 24H, OCH2CH2O), (III): colorless nee
dles; mp 97.5-985 °C; IR (KBr peUet) 3040, 2940, 2880, 
2850, 1470, 1360, 1350, 1300, 1250, 1100, and 1030 cm'1;

NMR (CDC13, 200 MHz) 8 7.43 (s, 2H, ArH), 4.71 (s, 
8H, ArCH2), 3.72 and 3.66 (two s, 32H, OCH2CH2O). So
dium, potassium, rubidium and cesium picrates were pre
pared by the reaction of picric acid and corresponding metal 
carbonates in hot water and washed with benzene. They 
were further purified by recrystallization from water. The 
solutions were prepared using deionized water obtained 
from a Milli-Q plus reagent water system. All other chem
icals were reagent grade purchased from Aldrich and used 
without any further purification.

Extraction Procedure. Solvent extractions were car
ried out by shaking vigorously equal volumes (10 mL) of 
2.5x 10"5 M of crown ether in chloroform and l.Ox 10 4 
M of alkali metal picrate in aqueous solution placed in a 
stoppered test tube for 40 min at 25 °C. The pH of aqueous 
solution was adjusted to 8.0 with 0.01 M tetramethy
lammonium hydroxide. The two phases were allowed to 
separate and then the chloroform layer was kept aside. The 5 
mL of organic phase was taken and the solvent was re
moved in vacuum, then the residue was dissolved in 5 mL 
of acetonitrile. The concentration of the metal picrate ex
tracted from aqueous phase was determined by the ab
sorption at 380 nm in UV/VIS spectrophotometer.

To investigate the counter ion effect in extraction ex
periment, atomic absorption spectrophotometer (Varian AA 
100 plus) was used to determine the concentration of so
dium in aqueous solutions. Sodium concentration in the ex
tracted aqueous solution was calculated using an established 
calibration curve with five different sodium standard solu
tions (l.Ox 10"5-1.0x 10-4 M) with various counter ions, i. 
e., erythrosin B, picrate, iodide, chloride, and nitrate.

Results and Discussion

The stoichiometry of the crown ether/cation complexes 
was determined by solvent extraction to elucidate the cation 
binding ability of crown compounds I, II and III, in which 
an excess metal picrate concentration (l.Ox 10 4 M) in 
aqueous phase and a constant crown ether concentration 
(2.5 x 10-5 M) in organic phase were used for completion 
of the extraction. Tetramethylammonium cation used for pH 
adjustment in aqueous phase can not interact with crown 
ethers because of larger ion sizes than cavity size, which is 
also supported by the well-known fact that the interaction 
between crown ethers and ammonium cations decreases in 
the following order, primary > secondary > tertiary > qua
ternary.15 Chloroform was used as the water immiscible sol
vent. It is not only a good solvent for the bis-o-xylyl crown 
ethers but also the dissociation of the extracted complex in 
it is negligible. The comparison of the extraction efficiency 
to alkali metals such as sodium, potassium, rubidium and 
cesium with three different crown compounds using picrate 
as a counter anion was shown in Figure 1. The sequence of 
extractability for alkali metal cations is Cs+ < Rb+ < K+ < 
Na+ with xylyl crown derivatives, I, II and III, depending 
on the size-relationship of cation and crown ether cavity. It 
should, in particular, be noted that the extractability of bis-o- 
xy ly 1-( 17-crown-5) (III) for sodium cation is about six times 
higher than that of mono-o-xylyl-(17-crown-5) (I), even 
though III has only two crown rings in the structure. The 
concentration ratio of extracted sodium metal to bis-o-xylyl 
(17-crown-5) (III) is nearly 2.0, which indicates the 2:1 
stoichiometry of the complex. For the extraction of K+, Rb+,

X HR

Compound III Compound II Compound I

CROWN COMPOUNDS

Figure 1. Profile for the extraction of alkali metals (sodium, po
tassium, rubidium and cesium) in an aquatic environment, with 
mono-o-xylyl-(17*crown-5) (I), bis-o-xylyl-(14-crown-4) (II), and 
bis-o-xylyl-(17-crown-5) (III) using picrate as a counter anion.
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Table 1. Effect of counter anion for sodium metal extraction 
with bis-o-xylyl-(17-crown-5): III and mono-o-xylyl-(17-crown-5): 
I at 25 °C and pH 8.0

bis-o-xylyl 
(17-crown-5) (III)

mono-o-xylyl 
(17-crown-5) (I)

Counter ion Extracted Relative Extracted Restive
sodium extraction sodium extraction

concentration efficiency concentration efficiency
(mol/L) (%) (mol/L) (%)

Picrate 4.831x10* 96.6 0.843X10“ 33.7
Iodide 4.091 X10-5 81.8 0.690 X10-5 27.6

Erythrosin B 3.092x10-5 61.8 1.972 x 10-5 78.9
Nitrate 2.796X10-5 55.9 0.416X10-5 16.6

Chloride 1.214X10-5 24.2 0.072 x 10 5 2.88

Cs+ by compound I, II and III, similar experiments were 
also carried out. The extractability of bis-crown to these me
tal ions was also much higher than that of mono-crown 
compound. It is generally accepted that the complex 
stoichiometry depends significantly upon the size-re
lationship of cation and crown ether cavity. Different ex
tractability between II and III which have different ring cav
ity sizes may be expected but no remarkable differences 
could be observed due to the flexibility of CH2 unit in Ar- 
CH2-O. It is also found that the flexibility of CH2 unit in 
side arm of l,7-dioxa-4,10,13-triazacyclopentadecane-4,10, 
10-tripropionic acid (N-pr3[15]ane N3O2) gives a different 
selectivity for metal cation binding even though it causes a 
little decrease in stability.16

Comparative work on the effect of counter anion for me
tal ion extraction with bis-o-xylyl-(17-crown-5) (III) and 
mono-o-xylyl-(l 7-crown-5) (I) at 25 °C and pH 8.0 was il
lustrated in Table 1. Relative extraction efficiency was det
ermined in percent based on the molar concentration of 
crown ether, 5.0x 10~5 M for III and 2.5x 10"5 M for I. 
The order of extractability of sodium in aqueous solution 
with compound I for various counter anions was erythrosin 
B » picrate 그 iodide > nitrate > chloride. Erythrosin acts 
as a very effective counter ion which has a high molar 
volume as well as planner structure with monocyclic com
pound in metal ion extraction by forming an extensive ion
pair during extraction as in the case of Cryptand 221.17 On 
the other hand, with the use of bis-o-xylyl (17-crown-5) (III) 
as a ligand for the extraction of sodium, the extractability 
decreases in the order of picrate > iodide > erythrosin B > 
nitrate > chloride. Taking these results into account, it can 
be concluded that picrate is suitable as a counter anion for 

metal binding with bis-o-xylyl compounds. Bulky erythrosin 
B may cause the strong repulsion between bound counter 
anions and the subsequently bound ones, and therefore, ad
ditional binding of cations may become difficult with bulky 
counter anion.
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