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Crown ethers (L) assisted extraction of Cs' from aqueous neutral solutions (pH 5-6) into a hydrophobic ionic liquid
1-butyl-3-methylimidazolium bis[(trifluoromethyl)sulfonyl]imide was studied at 22 °C operating with: 12-crown-4
(12C4), 15-crown-5 (15C5), 18-crown-6 (18C6), dibenzo-18-crown-6 (DB18C6), dibenzo-21-crown-7 (DB21C7) and
dibenzo-24-crown-8 (DB24CS). The distribution coefficients (logD ") are found to increase from 0.30 0o 1.7 as the size
of L is changing from 15C5 to DB21C7. A further increase of L size (DB24C8) leads to a sufficient decrease of logD "
up to 0.9. The maximal logD " value corresponds to the better cation—crown ether fitting. Well expressed correlatlon
between logD " values and stabzllly constants of CsL in ionic liquid (logK ) is obtained and is interpreted for the
crown ether series.
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Hsyuena sxempaxyus Cs' uz neumpanivhuvix 600nblx pacmeopos (pH 5-6) 6 2udpopobuyio  uonmnyio sHcuoxocmo
ouc[(mpugpmopmemun)cynvhonunfumuod  1-6ymun-3-wemunumuoasonus ([BMIM][N(Tf),]) e npucymcmeuu cepuu
kpayn-a3¢upoe (L): 12-kpayn-4 (12C4), 15-xkpayn-5 (15C5), 18-kpayn-6 (18C6), oubenzo-18-kpayn-6 (DB18C6),
oubenzo-21-kpayn-7 (DB21C7) u oubenso-24-kpayn-8 (DB24C8) npu 22 °C. Iloxazano, umo Kkodpuyuernmol
pacnpeoenenus (logD_.") monomonno eospacmaiom npu nepexooe om 15C5 k DB21C7 om 0.30 oo 1.7, a samem
cnuscaiomes 0o 0.9 (DB24C8). Makcumanvhoe 3nauenue logD . nabmiooaemcs Ons Kpayn-sgupa ¢ Haumyduum
coomeemcmeuem pamepa NOIOCMU UOHHOMY PAOUycy KamuoHd. J{is uccie008aHHbIX KPAYH-2(DUPOE BblAGIEeHA U
obvacHena nunetinas koppenayus mexcoy logD " u koncmanmamu ycmouuusocmu komnaexcnoix coeounenuii CsL 6
uonnoti wcuoxocmu (logk . ).

KiaroueBrble ciioBa: He31/1171, 9KCTpaKuus, KpayH-B(i)I/IpLI, HOHHAas )KXUJIKOCTh.
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Introduction

Hydrophobic crown ethers are widely used for
a selective extraction of cations from aqueous solution
into organic phase.l™ Recently the hydrophobic room
temperature liquids (RTILs) are intensively studied as an
alternative to the volatile and flammable conventional organic
solvents.[*!"l An increasing interest is observed towards
extraction of radionuclides,”'! lanthanides,'” copper,™!
lithium,™ and other metals. Intensive studies in this field
were initiated since an outstanding dicyclohexyl-18-crown-6
assisted removal of strontium from aqueous solution into
triflimide-based RTIL has been reported. The corresponding
distribution coefficient D" = 1.1-10*° was incomparably
higher than that for toluene (0.76) and chloroform (0.77).[!

Our previous studies of cesium extraction into six
hydrophobic RTILs in presence of 18-crown-6 (18C6, L) and
dibenzo18-crown-6 (DB18C6, L) run in the wide pH range,
reveal a rather complicated correlation between the stability
constant of CsL complexes in RTIL (logK_ ) and cesium
distribution coefficient (logD_").'">'! In present paper an
extraction of Cs' from neutral aqueous solutions into 1-butyl-
3-methylimidazolium bis[trifluoromethyl)sulphonyl]imide
([BMIM][N(Tf),]) (Figure 1) at 22 °C for a series of crown
ethers with monotonously increasing cavity size, and
known logK . value is considered: 12-crown-4 (12C4,L),
15-crown-5 (15CS5), 18C6, DB18C6, dibenzo-21-crown-7
(DB21C7, L) and dibenzo-24-crown-8 (DB24C8, L).

Experimental

1-Butyl-3-methylimidazolium bis[trifluoromethyl)sulphonyl]
imide (Sigma-Aldrich) was used without additional treatment.
Reagent grade crown ethers 12C4, 15C5, 18C6, DB18C6, DB21C7,
and DB24C8 have been also supplied by Sigma-Aldrich, while
CsNO, sample was purchased from Merck.

Cesium distribution coefficients D " have been measured after
2 hours shaking of 10 ml 0f 0.001 M CsNO, neutral aqueous solution,
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Figure 1. Chemical formula of [BMIM][N(TY),].

and 1 ml of 0.1 M crown ether solution in RTIL at 22 °C. After
organic and aqueous phases separation the residual concentration
of cesium in an aqueous phase was measured operating ICP iCAP
6000 instrument (model iCAP 6300 Duo).

An extraction degree (R_.", %) and the distribution coefficient
(D) have been calculated according to equations (1) and (2):

RE, % = 1= S @1 100% . )
Cy(Cs)
L GCo(Cs) 'V,  RE% 2
Lo — Yy _Ra% | 2)
Cy(Cs)  V, 100-RE%

where C,(Cs) and C (Cs) indicate the initial and equilibrium cesium
concentrations in aqueous phase, while ¥, and V correspond to the
total volumes (ml) of aqueous and organic phases respectively. The
standard errors of R, and D _"measurement are estimated to be
within 10 %.

The results are presented in Table 1 and Figures 2, 3. Where it
is possible the extraction data are referred to the stability constants
of cesium with crown ethers in aqueous (logK,, V) and in RTIL
phase (logK, ™). The priority was given to the IUPAC
critically evaluated values.!'”!

Results and Discussion

When L is not present in [BMIM][N(Tf),], then
cesium is poorly extracted. The corresponding logD
value constitutes -0.67. An administration of L into a
RTIL phase enhances cesium accumulation (Table 1). For
18C6 and DBI8C6 the logD_ " values agree well with
those found by us earlier:') 1.56 and 2.06 respectively.
The higher values reported in ['! in comparison with
present data are due to the higher L/Cs mole ratio
(C(18C6),=1.5-10" mol-dm?, C(Cs"),=5-10* mol-dm)
relative to the present study. An increase of L/Cs leads to
a higher logD " values. It should be noted that relative to
1,2-dichloroethane (1,2DCE) in presence of 18C6 (logD.
0.8)5 the RTIL medium appears to be much preferable
(logD., 1.3). The similar effect was also observed for
dicyclohexane-18-crown-6 assisted cesium extraction into
[BMIM][N(Tf),] and 1,2DCE: D_" for RTIL constituted
80, while for 1,2DCE 0.080.”7 Actually the differences
between [BMIM][N(Tf),] and 1,2DCE are even more
drastic as far as L concentration was smaller for RTIL
(0.01 mol-dm™) than for 1,2DCE (0.43 mol-dm™).””

In our case within the set of crowns 12C4, 15C5, 18C6,
DB18C6, DB21C7 and DB24C8 the D_" are changing in a
non monotonous way as the cavity size?>* is increasing,
indicating a maximal value for DB21C7 (Table 1, Figure 2).

Table 1. The D_" values for a crown ether assisted cesium extraction from aqueous solution into [BMIM][N(Tf))] at 22 °C.

L Rch’ % DCSL logDch lo CBLRTIL logKCSLW Crown cavity size R, nmf?>?3
12C4 Extraction is not detected 1.4201) No data 0.06
15C5 17 2.0 0.30 1,750 0.8017 0.086-0.092
18C6 50 19 1.3 3.401 0.96" 0.134-0.143
DB18C6 26 14 1.3 3.47120 0.74121 0.134-0.143
DB21C7 82 47 1.7 3.52120 No data 0.17
DB24C8 46 8.6 0.9 2.91120 1.41821 0.20
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Figure 2. logD_ " (logD) dependence on the crown cavity size R
for 15CS5, 18C6, DB18C6, DB21C7 and DB24C8.

Indeed, for 12C4, 15C5, 18C6 and DB18C6 the cavity
size is smaller than cesium ion diameter (0.17 nm®?), while
for DB24C8 it is remarkably bigger. According to the
crystallographic data and the structural data for the aqueous
phase?*# the cesium cation in its complexes with 18C6 is
placed slightly above the plane, constituted by the oxygen
atoms of the ligand, being a bit bigger than the cave size.
The best cation-cave fitting should take place for DB21C7.
Then a change of DB21C7 for DB24CS8 should lead to some
decrease of CsL thermodynamic stability (logK . *"), and
therefore, to a corresponding decrease in the extraction
efficiency.

As could be seen from the Table 1, the logK . ™
values are sufficiently higher than those for the aqueous
phase (logK_ ). At the same time both logK . *" and
logD_ " values change in a similar way as the crown cavity
size is increasing. In turn it gives a linear correlation between
logD"and logK_ "™ (Figure 3) with the slope ~1.4 and
R>=0.88.

A linear correlation between (logD_ "~logD_ —logD,)
and logK . ®" has been observed by us earlier for
[Cs(18C6)]" and [Cs(DB18C6)]" complexes in six hydro-
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Such a correlation indicates a dominating role of

complex formation in a RTIL phase in the crown ether
assisted extraction processes. For cesium transfer from
neutral aqueous solution into RTIL phase an ion exchange
mechanism prevails?! (3):
CS+W+NO37W+LRTIL+H[ZX]RTIL:
[CsL] [Xn]RTIL] R NO;W +(n-1 )Z+RTIL’ 3)
where indexes “RTIL” and “w” denote organic and aqueous
phase respectively, while Z* and X correspond to the RTIL’s
cation and anion, and L indicates a crown ether molecule.

Neglecting a small contribution of [Cs(18C6),]" and
[Cs(DB18C6),]" species in [BMIM][N(Tf),] to the total
thermodynamic stability, one can express the distribution
coefficient of cesium between aqueous and [BMIM][N(Tf),]
phases in presence of crown ethers D" by a rather simple
equation (4):

D= (ICsJF™™ + [CSLF™)/([Cs]* + [CSL]") (4)

As far as the total concentration of L [L]° >> [Cs]°
(total cesium concentration); the stability constants of CsL
complexes in a RTIL phase are high enough (logk  *™" >
2), and [L]*M>> [Cs]RM, then [Cs]?™ << [CsL]*™ and
equilibrium concentrations [Cs]®™ could be neglected.
At the same time for an aqueous phase the logK _ * are
comparatively small, and [CsL]¥ << [Cs]". Thus, [CsL]*
values can be neglected. Therefore (4) can be transmitted
into (5):

D} =[CsL]™/[Cs]¥ ©)
or
DCSL — (KCSLRTIL[CS]RTIL[L]RTIL)/[CS]W. (6)

Taking into account that [Cs]*"/[Cs]¥=D.  the
following expression is valid:

phobic RTILs,"***1 where logD_ corresponds to a cesium D =K. "D [L]*™ (7)
distribution without crown ether, while logD, — to the distri-
bution of L between aqueous and RTIL phases. Meanwhile, or
a direct correlation between logD_ " and logK . """ was not
detected for these systems. logD " =logK_ """ +logD,_ + log([L]*") ®)
LogKCsL
4 -
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Figure 3. A correlation between logD,. “and logK "™ values for 15C5, 18C6, DB18C6, DB21C7 and DB24CS8 at 22-25 °C.
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In contrast to the reports,'>? in our case we have
a single RTIL. Therefore logD,. is a constant for all the L
series. At the same time [L]°>>[Cs]°, and most of crowns
used are poorly soluble in water, then an equilibrium
concentration [L]®™ should not change significantly for
different crowns and would be close to [L]°.

Therefore, a dependence of logD." on logK .
should be linear with the slope 1. Some deviation from this
slope, presented in Figure 3 is probably due to some change
of crowns solubility in an aqueous phase relative to each
other. This relative solubility should also correlate with
CsL complex stability: the less water soluble crowns form
more stable complexes CsL in a RTIL phase. This statement
is valid only for hydrophobic crowns. For example, 12C4
is water soluble. Then it reveals no extraction enhancement
although the corresponding [Cs(12C4)]" complex is rather
stable in the [BMIM][N(Tf),] phase.

RTIL

Conclusions

The thermodynamic stability of complexes in RTIL
is of key importance for cesium extraction from aqueous
phase into RTIL. The logD_" values increase steadily from
0.30 to 1.7 when 15C5 is changed for 18C6, DB18C6 and
DB21C7, but then they decrease up to 0.94 (DB24C8). The
maximal value for logD_" is observed for DB21C7 with the
best fitting cesium ion radius and cavity size. For a set of
crowns 12C4, 15C5, 18C6, DB18C6, DB21C7, and DB24C8
in [BMIM][N(Tf),] a linear relationship between logD "
and logK ., is found and is interpreted.
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