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The Influence of the Alkyl Chain Length and
Steric Effect on Stability Constants and
Extractability of Co(II) Complexes with

1-Alkyl-4(5)-methylimidazoles

Beniamin Lenarcik, Piotr Ojczenasz, and Andrzej Kopkowski
Department of Inorganic Chemistry, University of Technology
and Agriculture, Bydgoszcz, Poland

Abstract: Extraction of Co(II) complexes has been studied with nine derivatives of
1-alkyl-4(5)-methylimidazoles (with R = C,H; to CigH,;) from aqueous solution
[/ = 0.5(KNO3) at 25°C] with toluene, trichloromethane, and 2-ethyl-1-hexanol.
Stability constants of the complexes formed in the aqueous phase (B.) as well as
partition constants (P,.) of the extracted species were determined. It was demonstrated
that both the stability constants and partition constants of the complexes increase with
an increasing of the 1-alkyl chain length. The tetrahedral together with octahedral
complexes were formed beginning from the second step of complexation. Furthermore,
the influence of the bulkiness of the 1-alkyl group on separation process of Co(Il) from
Zn(II) for extractions with toluene and 2-ethyl-1-hexanol were determined.

Keywords: Co(Il) complexes, 1-alkyl-4[5]-methylimidazoles, tetrahedral complexes,
stability constants, partition constants

INTRODUCTION

Solvent extraction is one of the most significant methods used for the removal,
retrieval, and separation of metals from aqueous solutions (1). For extraction
of Co(Il) ions the derivatives of phosphoric acid, a-hydroxy oximes,
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[B-diketones, amines, substituted pyridines have been used (2-6). The
sparingly water-soluble alkylimidazoles and their hydroxyderivatives have
also been patented for this purpose (7). In the other patent (8) high-
molecular-weight derivatives of alkylimidazoles (e.g. 2-(1-butyl-amino-
methyl)-1-decylimidazole) and benzimidazoles have been proposed for
extraction of metal ions from an aqueous acidic sulfate solution.

The complexes of Co(Il), Zn(Il), and Cd(II) with these bases in the
aqueous solution reveal the tendency to the changing of the coordination
structure from octahedral to tetrahedral compounds (9—12). The configuration
equilibrium between these two structural forms can be described by the
equation:

[M(H,0),_.LJ*" = [M(H,0),_ L.]*" + 2H,0 (1)

where: M is the central ion, c is the number of the ligand molecules bounded
in the complex (complexation step).

The receptivity to the formation of tetrahedral complexes determines the
separation of different metal ions. The increased concentration of tetrahedral
complexes in the aqueous phase enlarges the probability of passing of these
metals into the organic phase, because the tetrahedral compounds are more
liophilic than the octahedral one (13, 14). In the complexation process of
metal ions with derivatives containing the alkyl group in positions “2”, “4”,
or “5” of the 1,3-diazole ring was observed steric effect (15-21). This
phenomenon complicates the formation of the octahedral species and simul-
taneously favors the tetrahedral complexes.

In our previous paper (22) the basicity of four different homologous series
of alkylimidazoles for bases containing from one to a twelve atoms in the
hydrocarbon group was determined. It made possible the investigation of
the influence of the alkyl chain length on the complexation and extraction
properties of the particular types of the alkylimidazoles. So far it was deter-
mined, that the stability constants of the complexes Co(Il), Zn(II), Ni(Il)
with 1-alkylimidazoles (23-25) as well as the complexes Zn(Il) with
1-alkyl-4(5)-methylimidazoles (26) increase with an increasing length of the
l-alkyl substituent. Generally, beginning from the second complexation
step, the tetrahedral complexes were formed with Co(II) and Zn(II). In the
case of the Zn(II) complexes with 1-alkyl-4(5)-methylimidazoles the steric
effect due to the presence of 4(5)-methyl group reduces the values of the
stability constants and simultaneously enlarges the values of partition
constants as compared to those with derivatives carrying 1-alkyl group only
(24, 26).

The purpose of this work was to investigate by the partition method the
influence of the alkyl chain length on the stability, structure of the coordi-
nation sphere, and the extraction capacity of the Co(II) complexes with the
1-alkyl-4(5)-methylimidazoles (where: alkyl = C,Hs, C3H;, C4Ho, CsHyy,
Ce¢H,3, C;H;s, CgH,7, CoH,o, and C,oH,;). Toluene, trichloromethane, and
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2-ethyl-1-hexanol were used as organic solvents. Their dipole moments are
0.31, 1.15, 1.74 D, respectively (27).

EXPERIMENTAL
Reagents

Dr. Andrzej Skrzypczak, (Technical University, Poznan, Poland) (28) syn-
thesized 1-alkyl-4(5)-methylimidazoles. The structural details and the purity
of these compounds were described in the previous work (22). The
potassium and Co(II) nitrates, both of analytical reagent grade (POCh
Gliwice), were recrystallized from double-distilled water. The concentration
of Co(Il) nitrate in aqueous solution was determined by complexometric
titration with EDTA (disodium salt of ethylenediaminetetraacetic acid) and
by using atomic absorption spectroscopy method (AAS). The concentration
of potassium nitrate was determined gravimetrically as potassium sulphate
(29). Nitric acid (analytical reagent grade, POCh Gliwice) was standardized
against anhydrous sodium carbonate. 2-ethyl-1-hexanol (Aldrich), toluene,
and trichloromethane (both from POCh, Gliwice), all of analytical reagent
grade, were used as received. The pH meter was calibrated by using commer-
cial buffer solutions of pH 4.01 + 0.01 and 7.00 £+ 0.01 (Radiometer, Copen-
hagen). The values of pH were also checked against dilute hydrochloric acid
as recommended by ITUPAC (30).

Equipment

Potentiometric measurements were run on the PHM-250 pH meter (Radio-
meter, Copenhagen) equipped with the C2401-8 combination electrode
(Radiometer, Copenhagen). The low concentrations of Co(Il) in aqueous
solution were determined with atomic absorption spectrophotometry by
using the AAS BUCK Scientific 210 VG-P instrument. The absorption
specters of the organic phase after extraction of the Co(II) complexes were
recorded on UV-VIS 8452A spectrophotometer (Hewlett Packard, USA).

Extraction Procedure

The measurements were run at 25°C at a fixed ionic strength of the aqueous
phase (/ = 0.5) maintained by KNO3. Before extraction the concentrations
of the Co(Il) nitrate and nitric acid in the aqueous phase were constant 0.01
and 0.02mol/L respectively, and the ligand concentrations in the organic
phase were varied from 0.02 to 0.2mol/L. Six milliliters of the aqueous
phase were placed in a graduated test tube and the same volume of the
1-alkyl-4(5)-methylimidazole solution in the organic solvent was added.



09:41 25 January 2011

Downl oaded At:

1700 B. Lenarcik et al.

The test tubes were then shaken for 30 minutes at 25°C. After attaining
equilibrium, the both phases were separated. The values of pH of the
aqueous phase were measured, as well as the Co(Il) concentrations by
titration with a standardized EDTA solution and by using atomic absorption
spectroscopy method were determined. The absorption spectra over the
visible range were taken in organic phase.

RESULTS AND DISCUSSION

To describe the process of extraction quantitatively distribution ratio (Dyy) of
Co(II) was used between the aqueous and organic phases, and defined as
follows:

Cy — Cum

Dy = T oy 2

where: Cyy is the Co(Il) concentration in the aqueous phase before extraction
and Cy; is the concentration after reaching distribution equilibrium.

The results of the extraction experiments for all the systems studied are
presented as plots of logarithm of the distribution ratio of Co(II) between
the aqueous and organic phase as a function of pH of the aqueous phase, sep-
arately for extractions with toluene, trichloromethane, and 2-ethyl-1-hexanol,
respectively (Figs. 1-3).

Data in Fig. 1 show that extraction of Co(II) complexes with particular
imidazole derivatives in toluene runs at different pH ranges. The difference
in pH, /> (pH at the logDy; = 0) for the extreme curves (for 1-heptyl- and
1-decyl-4(5)-methylimidazole) amounts to ca 3.0 pH units. The most
distinct differences of the location of the curves in the co-ordinate system
are seen between l-nonyl-, 1-decyl-4(5)-methylimidazole and other more
readily water-soluble bases. Extraction curves for these two last-named
1-alkyl-4(5)-methylimidazoles is located within the pH range of 4.9 to 5.4.
The extraction process does not occur for readily soluble water bases:
1-ethyl-, 1-propyl-, and 1-butyl-4(5)-methylimidazole.

The shapes of the extraction curves for trichloromethane as a solvent
(Fig. 2) differ more distinctly from one another to those presented in Fig. 1.
In this case the most suitable extractants of Co(II) are three of the most hydro-
phobic 1-alkyl-4(5)-methylimidazoles (those with the octyl-, nonyl-, and
decyl- substituents). Extraction curves for these derivatives are largest when
shifted towards lower values of pH of the aqueous phase. The difference in
pH, /> between extreme curves is smaller than for toluene, amounting to 2.2
pH units.

The extreme curves of distribution of Co(Il) by using 2-ethyl-1-hexanol
(Fig. 3) are separated from one another by ca 2.0 pH units at log Dy, = 0.
The majority of plots of log Dy vs. pH for this solvent are straight lines. In
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Figure 1. Influence of pH on the extraction of the Co(II) complexes with 1-alkyl-4(5)-methylimidazoles into toluene (at 25°C and constant
ionic strength of the aqueous solution I = 0.5(KNO;)) @ -1-pentyl-4(5)-methylimidazole; (] 1-hexyl-4(5)-methylimidazole; A 1-heptyl-4(5)-
methylimidazole; < 1-octyl-4(5)-methylimidazole; O-1-nonyl-4(5)-methylimidazole; 1-decyl-4(5)-methylimidazole.
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Figure 2. Influence of pH on the extraction of the Co(Il) complexes with 1-alkyl-4(5)-methylimidazoles into trichlorometane (at 25°C
and constant ionic strength of the aqueous solution I = 0.5(KNOj)). B-1-ethyl-4(5)-methylimidazole; A-1-propyl-4(5)-methylimidazole;
@-1-butyl-4(5)-methylimidazole; @ -1-pentyl-4(5)-methylimidazole; [J-1-hexyl-4(5)-methylimidazole; A-1-heptyl-4(5)-methylimidazole;
<&-1-octyl-4(5)-methylimidazole; O-1-nonyl-4(5)-methylimidazole. *-1-detyl-4(5)-methylimidazole.
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Figure 3. Influence of pH on the extraction of the Co(Il) complexes with 1-alkyl-4(5)-methylimidazoles into 2-ethyl-1-hexanol (at 25°C and
constant ionic strength of the aqueous solution I = 0.5(KNO;)). @ -1-pentyl-4(5)-methylimidazole; [U-1-hexyl-4(5)-methylimidazole; A-1-heptyl-
4(5)-methylimidazole; <-1-octyl-4(5)-methylimidazole; O-1-nonyl-4(5)-methylimidazole; *-1-decyl-4(5)-methylimidazole.

sjue)suo)) ANIqe)S uo duINgu YPSud urey) ANV

€0LT



09:41 25 January 2011

Downl oaded At:

1704 B. Lenarcik et al.

the case of the most sparingly soluble derivatives of imidazoles (i.e. 1-nonyl-
and 1-decyl-4[5]-methylimidazoles) the angles of slopes of straight lines are
definitely smaller than for readier soluble 1,3-diazoles. So, one can presume
that species extracted into the organic phase contain a smaller number of
molecules of 1,3-diazole bounded to the co-ordination sphere of central ion.
The Co(II) complexes with derivatives containing up to four carbon atoms
in the 1-alkyl chain are not extracted into 2-ethyl-1-hexanol, similarly as by
using toluene (Fig. 1).

In the same conditions, the extraction of Zn(Il) complexes with 1-alkyl-
4(5)-methylimidazoles in toluene and 2-ethyl-1-hexanol (26) were previously
executed. Table 1 summarizes our results of pH values of extraction curves
(log Dy = f(pH)) at the log Dy = 0 level (pH, /,) with those for Zn(II). As
seen, the values of pH;,, for all the systems with Zn(II) are lower as
compared to those with Co(II).

Figures 4 and 5 represent the influence of the bulkiness of the 1-alkyl
group on subtracting pH, /2zn-pH; /2co (ApH, /2) for extraction with toluene
and 2-ethyl-1-hexanol, respectively. The efficiency of separation Zn(II)
from Co(II) by using toluene as a solvent (Fig. 4) increase with an increasing
alkyl chain length attaining a maximum for 1-octyl-4(5)-methylimidazole,
whereas for the long-chained derivatives (those with the nonyl and decyl
substituents) definitely drops. For extraction with 2-ethyl-1-hexanol (Fig. 5),
the relations between the ApH,,, and the number of carbon atoms in
the azole molecule are essentially similar as before. The most suitable
selective extractant to the separation Zn(II) from Co(II) of the investigated
imidazole bases is 1-octyl-4(5)-methylimidazole.

Table 1. The pH;;, values of extraction curves (logDy = f(pH)) of complexes
Co(I) and Zn(Il) with 1-alkyl-4(5)-methylimidazoles in aqueous solution (I =0.5
KNO3) at 25°C

pHiozn —
Ligand pH, /2211(11)(26) pH, /2Co(IT) PH1/2Co(H) Solvent
1-Pentyl-4(5)- 6.50 6.60 0.10 Toluene
methylimidazole 6.43 7.70 1.27 2-Ethyl-1-hexanol
1-Hexyl-4(5)- 6.04 7.50 1.46 Toluene
methylimidazole 6.14 7.88 1.74 2-Ethyl-1-hexanol
1-Heptyl-4(5)- 5.85 8.06 221 Toluene
methylimidazole 6.68 7.95 1.27 2-Ethyl-1-hexanol
1-Octyl-4(5)- 5.22 7.75 2.53 Toluene
methylimidazole 5.39 7.98 2.59 2-Ethyl-1-hexanol
1-Nonyl-4(5)- 4.59 5.37 0.78 toluene
methylimidazole 5.32 6.83 1.51 2-Ethyl-1-hexanol
1-Decyl-4(5)- 4.44 4.93 0.49 Toluene

methylimidazole 5.24 5.98 0.74 2-Ethyl-1-hexanol
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Figure 4. Influence of the hydrocarbon chain length in position “1” on the subtracting
of pH, > values of plots log Dy vs. pH between Zn(II) and Co(II) complexes with
1-alkyl-4(5)-methylimidazoles by using toluene as a solvent.
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Figure 5. Influence of the hydrocarbon chain length in position “1”” on the subtracting
of pH; /> values of plots log Dy vs. pH between Zn(II) and Co(II) complexes with
1-alkyl-4(5)-methylimidazoles by using 2-ethyl-1-hexanol as a solvent.
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The distribution ratios Dy, and consequently the shape, the location, as
well as slopes in plots of log Dy; vs pH of the systems studied depend on
cumulative stability constants of the complexes being formed in aqueous
solution (8.) [Eq. (5)], the number and composition of extracted compounds
into organic phase and their partition constants (P.) Eq. (6) (31-33).

The alkylimidazoles form both octahedral and tetrahedral complexes with
Co(ID) in the aqueous solution. The complexation process is described by the
equations (3) and (4).

K[Co(H,0)4]*" + cL="N[Co(H,0)s_.L.J*" + cH,0 (3)
M[Co(H,0)]*" + cL=""[Co(H,0),_.LJ*" + (c + 2)H,O0  (4)
The stability constants of these complexes is defined as below:

M[COL2H],, +“[Col2 ], [CoLZ],,

_ - 5
BL [C02+]aq K [L]zq [C02+]aq . [L]iq ( )

All the complexes pass into the organic phase together with two nitrate ions
NOj . In the case of solvents, which have strong donor proprieties, the
water molecules are substituted by the solvent molecules.

okt [COLS-&-]Org + tet[COLz+]

c =

org

[C0L§+]org (6)
OM[COLT g + “[COL; g [CoLE g

where [CoLf“L]org and [CoijL]aq are molar concentrations of Co(II)
complexes in the organic phase and aqueous solution, respectively.

The approximate stability constants 3. for each system were determined
by the numerical method using Rydberg’s equation 7 (32).

LT Py ! )

The molar concentration of the free ligand in the aqueous phase [L] was
calculated from the pH measurements of the aqueous solution and from the
dissociation constant of the protonated azole base [Eq. (8)]. The dissociation
constants of the protonated ligand of the 1-alkyl-4(5)-methylimidazoles,
summarized in Table 2, were taken from previous work (22).

K, - [HL"]

[L] = HsO"

®)

where: K, is the dissociation constant of the protonated ligand over a particu-
lar concentration range; [HL 1] is the concentration of protonated ligand, equal
to the analytical concentration of nitric acid in the aqueous phase.

In this procedure, a relationship of [L]°/Dy, as a function [L] was tested
numerically by searching of the straight line as described by equation
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Table 2. The pKa values of alkylimidazoles and the stability constants log 8. of Co(II) complexes with 1-alkyl-4(5)-methylimidazoles in aqueous
solution at 25°C and constant ionic strength (I = 0.5 KNO3)

Ligand pKa log B, log B> log 33 log B4 Solvent
1,4(5)—Dimethylimidazole 7.75 (34) 1.40 2.25 2.60 4.78
1-Ethyl-4(5)-methylimidazole 7.87 (22) 0.95 1.44 1.73 Trichlorometane
1-Propyl-4(5)-methylimidazole 7.88 (22) 2.51 2.74 Trichlorometane
1-Butyl-4(5)-methylimidazole 7.93 (22) 3.11 3.54 3.82 3.97 Trichlorometane
1-Pentyl-4(5)-methylimidazole 7.97 (22) 3.46 3.88 4.32 Toluene

3.30 3.72 4.20 2-Ethyl-1-hexanol

3.62 3.97 Trichloromethane
1-Hexyl-4(5)-methylimidazole 8.01 (22) 3.83 4.17 Toluene

3.69 4.24 4.66 5.18 2-Ethyl-1-hexanol

3.74 4.17 4.49 4.77 Trichloromethane
1-Heptyl-4(5)-methylimidazole 8.05 (22) 4.02 4.53 Toluene

4.07 4.57 5.00 5.46 2-Ethyl-1-hexanol

3.87 4.33 Trichloromethane
1-Octyl-4(5)-methylimidazole 8.1 (22) 443 4.76 Toluene

4.25 4.76 5.11 5.63 2-Ethyl-1-hexanol

4.07 4.60 4.85 Trichloromethane
1-Nonyl-4(5)-methylimidazole 8.11 (22) 4.60 4.97 5.56 Toluene

4.42 4.94 5.42 2-Ethyl-1-hexanol

4.11 4.69 Trichloromethane
1-Decyl-4(5)-methylimidazole 8.15 (22) 4.74 5.07 5.70 6.10 Toluene

4.52 5.01 5.53 2-Ethyl-1-hexanol

431 4.85 5.15 Trichloromethane

The given values of the constants 8. carry 10% tolerance.
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y = ax + b for the smallest ¢ values starting from 1 up to 6. The stability
constant of the first complex, B;, formed in the aqueous phase was obtained
by dividing coefficients a and b of the determined straight line. Then, using
equation (9) and the method of curve fitting, precise 8. and P, values were
found. The results, verified in this way, are collected in Table 2 (stability
constants) and Table 3 (partition constants).

P.- B - [LI +Peys - Beyy - [LIH
= +Peir - Beys - [L]C+2 +---4+Px- By [L]N
1+ B - [L1+ By - [LP + - + By - LN

)

On the basis of the obtained values of 3. and P the simulations of exper-
imental points were made by using equation (9). For example Fig. 6 presents
the points on extraction curve (log Dy vs. pH), determined from the exper-
imental part and from calculations. Their distribution on experimental line
is fully satisfactory. The good agreement of the experimental with calculated
points was obtained for all investigated extraction systems.

The stability constants presented in Table 2 are compatible with those
obtained from potentiometric measurements carried out earlier for 1,4-
dimethylimidazole (34). At all the complexation steps, the (. constants
increase with an increasing 1-alkyl chain length.

Figures 7-9 represent the influence of solvent on respective stability
constants log 31, log B, and log 3;. At all the three complexation steps up to
1-hexyl-4(5)-methylimidazole the results for all solvent used are comparable.
With the next homologous series of the 1-alkyl-4(5)-methylimidazoles, the
smallest and fairly divergent values were obtained for trichloromethane.

Figure 10 shows stability constants of the Co(II) complexes with 1-alky-
limidazoles (23) and 1-alkyl-4(5)-methylimidazoles averaged for all solvents
used. The results for 4(5)-methyl derivatives, excepting the first complexation
step, are distinctly lower as compared to those with derivatives carrying
1-alkyl group only. This phenomenon is due to the steric hindrance of the
methyl substituent atoms at position “4” or “5” in imidazole ring, which
prevent the penetration of the heterocyclic ligand into the coordination
sphere of the central ion. Simultaneously, in the aqueous solution the octa-
hedron & tetrahedron configuration, equilibrium displaces towards tetrahe-
dral species, which are less stable as compared to those substituted at position
“1” but more readily pass into the organic phase owing to smaller number of
co-ordinated water molecules.

The next three Figures (11-13) present relationships between partition
constants of the complexes, logP., and the number of carbon atoms in the
alkyl substituent in position “1” (C,) of the investigated 1-alkyl-4(5)-
methylimidazoles.

Figure 11 shows the relationship of the water—toluene system. All the
partition constants for the first complexes [ML] are very low (P; < 1) and
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Table 3. The partition constants logP.. of Co(II) complexes with 1-alkyl-4(5)-methylimidazoles between aqueous
phase and organic solvent at 25°C and constant ionic strength (I = 0.5 (KNO3))

Ligand logP; logP, logP5 logP, Solvent
1-Ethyl-4(5)-methylimidazole —-1.70 1.85 2.15 Trichlorometane
1-Propyl-4(5)-methylimidazole —1.40 1.86 Trichlorometane
1-Butyl-4(5)-methylimidazole —-1.22 0.60 2.18 2.88 Trichlorometane
1-Pentyl-4(5)-methylimidazole —2.00 0.30 3.90 Toluene

—2.70 0.11 1.59 2-Ethyl-1-hexanol

—1.10 2.08 Trichloromethane
1-Hexyl-4(5)-methylimidazole —1.70 1.88 Toluene

—2.30 0.20 2.08 3.88 2-Ethyl-1-hexanol

—1.00 0.85 2.48 3.98 Trichloromethane
1-Heptyl-4(5)-methylimidazole —0.82 1.18 Toluene

—2.00 0.28 2.20 3.70 2-Ethyl-1-hexanol

—0.92 1.87 Trichloromethane
1-Octyl-4(5)-methylimidazole —1.40 1.70 Toluene

—-1.92 0.30 2.30 3.78 2-Ethyl-1-hexanol

—0.85 1.88 7.00 Trichloromethane
1-Nonyl-4(5)-methylimidazole —1.22 3.85 7.36 Toluene

—1.82 2.30 4.70 2-Ethyl-1-hexanol

—0.82 3.26 Trichloromethane
1-Decyl-4(5)-methylimidazole —1.10 4.48 7.96 18.90 Toluene

—1.40 3.30 6.30 2-Ethyl-1-hexanol

—0.75 2.30 7.52 Trichloromethane

The given values of the constants P, carry 10% tolerance.

sjue)suo)) ANIqe)S uo duINgu YPSud urey) ANV

60LT



09: 41 25 January 2011

Downl oaded At:

logDM
1,5 4

0,5 1

-1,5 1

-2 -

Figure 6. Comparison of obtained experimental and calculated values log Dy vs. pH on the extraction of Co(Il) complexes with 1-decyl-

4(5)-methylimidazole by using toluene as solvent.
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Figure 7. Influence of solvent on the stability constants B8; of the Co(Il) complexes with 1-alkyl-4(5)-methylimidazoles. @ -toluene; A-tri-
chloromethane; #-2-ethyl-1-hexanol; *k-potentiometric results.
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Figure 8. Influence of solvent on the stability constants 3, of the Co(Il) complexes with 1-alkyl-4(5)-methylimidazoles. @ -toluene; A-tri-

chloromethane; #-2-ethyl-1-hexanol; *k-potentiometric results.
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Figure 9. Influence of solvent on the stability constants (83 of the Co(Il) complexes with 1-alkyl-4(5)-methylimidazoles. @ -toluene; A-tri-

chloromethane; #-2-ethyl-1-hexanol; *k-potentiometric results.
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Figure 10. Plots of log 3. vs. the number of carbon atoms in 1-alkyl chain for the Co(II) complexes with 1-alkyl-4(5)-methylimidazoles:
B-log B;; A-log 3,; ®-log 3;; ®-log 34 and 1-alkylimidazoles; [J-log B; A-log 3,; O-log B3 <-log B4; *-log Bs x-log B.
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Figure 11. Influence of the alkyl chain length in the position “1” on the partition constant (log P.) for Co(II) complexes with 1-alkyl-4(5)-

methylimidazoles by using toluene as a solvent.
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Figure 12. Influence of the alkyl chain length in the position “1” on the partition constant (log P.) for Co(II) complexes with 1-alkyl-4(5)-methy-
limidazoles by using 2-ethyl-1-hexanol as a solvent.
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Figure 13. Influence of the alkyl chain length in the position “1” on the partition constant (log P.) for Co(II) complexes with 1-alkyl-
4(5)-methylimidazoles by using trichloromethane as a solvent.
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increase only slightly with an increasing of the bulkiness of the 1-alkyl group. It
can be assumed that co-ordination number of all extracted first complexes is
most likely 6. The distinct increase is seen for higher co-ordinated complexes,
[ML,] (P»), [ML3] (P3) and [ML4] (P4). In comparison with the first
complexes their partition constants are several orders of magnitude higher. It
means, that beginning from the second complexation step into the organic
phase pass more readily extractable tetrahedral species.

In case of the complexes extracted with trichloromethane and 2-ethyl-1-
hexanol (Figs.12,13), respectively, the relationships between logP, and C, are
similar as before. At the first complexation steps the partition constants
increase only slightly. On higher complexation steps form the tetraco-
ordinate compounds of much higher partition constants. The special
tendency to form the tetrahedral octahedral complexes together show the
most hydrophobic derivatives: 1-octyl-, 1-nonyl-, and 1-decyl-4(5)-methyli-
midazole (exceptionally high values of P,).

Figure 14 illustrates differences in the partition constants (P.) of the
Co(II) complexes with 1-alkylimidazole (23) and 1-alkyl-4(5)-metylimida-
zoles between aqueous solution and toluene. The partition constants of
Co(Il) complexes at first complexation step are practically the same for
both types of the ligands. It means, that all complexes of the type [ML], inde-
pendently of the structure of the alkylimidazoles have the same co-ordination
number, most likely 6. On higher complexation steps (1 < ¢ < 4), the steric
hindrance by the methyl group in position “4” or “5” favors the formation
of the tetrahedral complexes Co(Il), thus resulting in an enhancement of
partition constants as compared to those obtained for the 1-alkylimidazole
complexes. These occurrences found the confirmation in UV-VIS spectra of
the organic phase. All the solutions of investigated complexes with organic
solvents were more or less violet colored.

Figures 15 and 16 present the absorption spectra of the organic phase
after extraction of the Co(II) complexes with earlier reported 1-decylimida-
zole (23) and 1-decyl-4(5)-methylimidazole in toluene, respectively. The
specters of the organic phase for 1-alkylimidazoles have strong maximum
of octahedral complexes (Ay.x =500nm) and two weakly formed
maxima in range of longer waves (Ap.x = 540 and 585 nm) corresponding
with tetrahedral compounds. In the case of Co(Il) the octahedral band is
due to the 4T1g(F) — 4T1g(P) electronic transition, while the tetrahedral
band is due to the electronic transition *A,(F) — “T,(P). The specters of
the organic phase for I-alkyl-4(5)-methylimidazoles show a very high
absorbancy in the wide range from 500 to 600nm (Ay.x = 540 and
570nm). They are characterized as more weak absorption maximum
(Amax = 490 nm). For both these types of imidazole derivatives pass into
the organic phase in both octahedral and tetrahedral species. The
intensity of tetrahedral bands in the 1-alkyl-4(5)-methylimidazoles is defi-
nitely higher than that of the 1-alkylimidazoles. It indicates that the steric
hindrance facilitates the formation of tetrahedral species in aqueous
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Figure 14. Influence of the alkyl chain length in the position on the partition constants (log P.) for Co(II) complexes with 1-alkyl-4(5)-
methylimidazol: m-logP;; A-logP,; @ -logP;; ®-logP, and 1-alkylimidazoles; [J-logP;; A-logP,; O-logP; $-logPy; k-logPs x -logPg by
using toluene as a solvent.
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Figure 15. Absorption spectra of organic phase after extraction of the Co(II) complexes with 1-decylinidazole in toluene together with the corre-
sponding pH’s of the aqueous phase and logarithms of distribution ratio Dy;.
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Figure 16. Absorption spectra of organic phase after extraction of the Co(Il) complexes with 1-decyl-4(5)-methylimidazole in toluene together
with the corresponding pH’s of the aqueous phase and logarithms of distribution ratio Dy;.
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solution and consequently enlarges the probability of passing the successive
complexes into the organic phase.

CONCLUSIONS

The two most hydrophobic derivatives (1-nonylo-, 1-decylo-4(5)-methyl-
imidazole) can be used in practice in the extraction of Co(Il) ions from
aqueous solutions, as they warrant high value of distribution ratios Dy, at
low concentrations of the bases.

The Co(II) complexes with 1-alkyl-4(5)-methylimidazole are more reluc-
tantly extractable into the organic phase than those with analogous
systems with Zn(II) (26). Out of the azoles investigated by us, the most
suitable selective extractant of Zn(II) from Co(Il) ions is 1-octyl-4(5)-
methylimidazole.

The stability constants of the Co(II) complexes with 1-alkyl-4(5)-methyl-
imidazoles, at all complexation steps, slightly increase with an increasing
1-alkyl chain length. The steric effect due by the methyl group in position
“4” or “5” considerably reduces the values of stability constants of the
Co(Il) complexes as compared to those with derivatives substituted at
position “1” only. This effect does not permit the locating for more
than four molecules of the imidazole ligand into the co-ordination
sphere of the central ion.

The partition constants of the extracted complexes in the system organic
solvent/water increase with 1-alkyl chain length. Additionally, the steric
hindrance due to the presence of 4(5)-methyl substituent displaces the
configurational equilibrium towards more readily extractable tetrahedral
species, thus resulting in an increase in the partition constants as
compared to those obtained for the 1-alkylimidazole complexes.
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