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

1-Alkyl-4(5)-Methylimidazoles

Beniamin Lenarcik™ and Agnieszka Kierzkowska

Department of Inorganic Chemistry, University of Technology and
Agriculture, Bydgoszcz, Poland

ABSTRACT

The present study investigated the extraction of Zn(Il) complexes with
eight 1-alkyl-4(5)-methylimidazoles (R from C4Ho to C;;H,3) from
aqueous solution (I=0.5 (KNO3) at 25°C) with toluene, p-xylene,
2-ethyl-1-hexanol, and dichloromethane. It was found that the extraction
curves moved toward lower pH values with an increasing alkyl chain
length. Stability constants of the complexes in the aqueous phase were
determined as well as partition constants of the extractable species. It
was demonstrated that both the stability constants (B.) and the partition
constants (P.) of the complexes increased with increasing alkyl chain
length. Furthermore, owing to the steric effect, pseudo-tetrahedral
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complexes were found to dominate at the second and third complexation
steps, thus increasing the stability constants and facilitating extraction of
the Zn(Il) complexes with 1-alkyl-4(5)-methylimidazoles.

Key Words: Zn(II) complexes; Solvent extraction; Azole ligand.

INTRODUCTION

Zinc(IT) ions have been found to form tetrahedral and octahedral
complexes in aqueous solutions with a variety of ligands! —*! and even with
ammonia.'*>! Among these ligands are imidazole,[ﬁ_g] all the, studied so
far, water-soluble l—alkylimidazoles[9‘12' and other derivatives.">~ '8 Reac-
tions of Zn(Il) ions with these bases result in configuration equilibria
between the structural forms at several complexation steps:

[Zn(H,0),_, L, = [Zn(H,0), ,L.J*" 4+ 2H,0 (1)

In our previous works we showed that imidazole derivatives containing
the alkyl substituent (Me, Et, Pr, Bu) in positions 2, 4, or 5 showed in the com-
plexation process the steric effect with Co(Il), Zn(II), Ni(II), Cu(Il), and Cd(II)
ions.""?~?*! This effect makes clearly difficult the formation of complexes of
the coordination number 6 (octahedral and pseudo-octahedral). However the
effect did not determine hindrance for the formation of tetrahedral or pseudo-
tetrahedral compounds. We found that tetrahedral complexes form most easily
with Zn(II), and with more difficulty—with Co(IT) and Cd(IT).!"**" The for-
mation of tetrahedral complexes increased total values of stability constants
for these complexation steps where in the aqueous solution formed both struc-
tural forms (octahedral and tetrahedral). Furthermore, tetrahedral complexes
more easily passed from the aqueous phase to the organic solvent.!?*2"
However all these statements refer to the systems containing no more than
five carbon atoms in the alkyl substituent.

Recently a possibility of researching this problem for a greater number of
the same kind of bases was appeared. There was determined the basicity of
several homologous series of alkylimidazoles for bases containing from one
to a dozen or so of carbon atoms in the alkyl chain. Consequently we were
able to carry out wider studies of the influence of the alkyl chain length on
the complexation and extraction proprieties of each type of the alkylimida-
zoles. So far it was shown that the stability constants of Zn(II), Co(II), and
Ni(IT) complexes with 1-alkylimidazoles grow up with an increase in the
alkyl chain length."'*3°3"1 Also, the partition constants of these metals com-
pounds passing to the organic phase increase. On higher complexation stages
(1 <n < 4), Zn(Il) and Co(II) form the tetracoordination compounds of much
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higher partition constants. However, the stability of Cu(Il) complexes with
1-alkylimidazoles does not depend on the hydrocarbon group length.'**! Gene-
rally, the first complex of this metal (CuL) passes to the organic phase, and its
partition constants go up with an increase in the alkyl chain length.

This work begins the new series of publications in the metals complexes
with imidazole derivatives containing the steric hindrance. The present work
investigated the stability constants of Zn(II) complexes with the series of
1-alkyl-4(5)-methylimidazoles containing 8 derivatives (from 1-butyl- up to
1-undecyl-4(5)-methylimidazole). All these bases are difficult to solve in
water. In the investigation we used four organic solvents, namely toluene,
p-xylene, 2-ethyl-1-hexanol and dichloromethan. We wanted to determine
whether the steric effect in general will appear for difficult-water-soluble imi-
dazole bases, and, at the same time, whether it will create conditions for the
selective extraction of Zn(II) complexes. The purpose of this work was not
only the calculation of the stability constants, but also the determination of
their change with an increase in alkyl chain length, and, at the same time,
in the basicity of imidazoles.

The basicity of 1-alkyl-4(5)-methylimidazoles in water at 25°C have been
found®>¥ to be linearly related to the number of carbon atoms in the alkyl
chain, n:

pK, = 0.0351n + 7.765 )

From the available investigations it was found that 1,4(5)-dimethylimidazole,
the first representative of this homologous series, forms tetrahedral com-
plexes, [Zn(H,0),L,]*" and [ZnL,]*", which predominate in the solution.
They have been found to be much more readily extractable with benzyl
alcohol and cyclohexanone than complexes of other divalent metals.** More-
over, from the practical point of view, only hardly water soluble alkylimida-
zole derivatives are useful for the extraction of metals. Because of low
dissolubility in water of the ligands investigated, the choice of research
methods is limited, therefore we chose the liquid-liquid partition method.

So far a similar problem for Zn(II) complexes with any type of bases has
not been studied. The systems chosen by us can be used as a model, from
which conclusions can be useful to the qualification the influence of alkyl
substituents in other types of ligands, eg., of alkyl derivatives of pyridine.

Sigel et al.!**! investigated a similar problem. They determined the inter-
relation between the complex stability and the ligand basicity for imidazole
and its simple, sterically unhindered derivatives. Their investigation shows
that stability constants of complexes grow linearly with an increase in the
ligands basicity.



10: 00 25 January 2011

Downl oaded At:

3488 Lenarcik and Kierzkowska
EXPERIMENT
Reagents

1-Alkyl-4(5)-methylimidazoles were synthesized by Dr. Andrzej
Skrzypczak, the Poznan Technical University.*®" The details concerning

structural studies and the purity of the compounds are given in the previous

paper.1**!

Prior to the preparation of solutions, the potassium and zinc(Il) nitrates
(both of analytical reagent grade, POCh Gliwice) were recrystallized from
double distilled water. The concentration of zinc(Il) nitrate in the solution
was determined by complexometric titration with EDTA (ethylenediamine-
tetraacetic acid, disodium salt) and by AAS (atomic absorption spectro-
photometry), and that of potassium nitrate by the gravimetric method as
potassium sulfate. The remaining reagents were also of analytical grade.
Nitric acid (POCh, Gliwice) was standardized against sodium carbonate.
2-Ethyl-1-hexanol (Aldrich), p-xylene (Fluka-Chemika), toluene and dichloro-
methane (both from POCh, Gliwice) were used as received.

The pH meter was calibrated against commercial buffer solutions of pH
4.01 £+ 0.01 and 7.00 + 0.01 (Radiometer, Copenhagen). The readings were
additionally checked against dilute hydrochloric acid as recommended by
IUPAC.””!

Equipment

Potentiometric measurements were run on the PHM-250 pH meter
(Radiometer, Copenhagen) equipped with the C2401-8 combination electrode
(Radiometer, Copenhagen). The concentration of zinc(II) was determined by
atomic absorption spectrophotometry using the AAS BUCK Scientific 210
VG-P instrument.

Extraction Procedure

All the measurements were run at 25°C at a fixed ionic strength of the
aqueous phase (I = 0.5) maintained by KNOj;. The initial concentrations of
nitric acid and zinc(Il) nitrate in the aqueous phase were fixed at 0.02 and
0.01 mol/L, respectively, while the ligand concentration in the organic
phase varied from 0.02 to 0.2mol/L. Six mL of the aqueous phase was
placed in a graduated test tube and the same volume of the 1-alkyl-4(5)-
methylimidazole solution in the organic solvent was added. The test tube
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was then being shaken for 20 min. After attaining equilibrium, the phases
were separated, the pH and the concentration of Zn(II) in the aqueous
phase were determined by titration with a standardized EDTA solution and
by the AAS.

RESULTS AND DISCUSSION

Distribution ratio (Dy;) of Zn(IT) was used for quantitative description of
the extraction process. This variable was calculated from analytical measure-
ments, defined as follows:

) —Cu

Dy = o (3)
where CY is the Zn(II) concentration in the aqueous phase before extraction
and Cy; is the concentration after reaching partition equilibrium.

The results of the extraction experiments for all the systems studied are
presented as plots of logarithms of the distribution ratio between the
aqueous and organic phase vs. pH (log Dy = f(pH)) for extractions with
toluene, p-xylene, 2-ethyl-1-hexanol, and dichloromethane, respectively
(Figs. 1-4).

1.5 q

logDy,

224

Figure 1. Influence of the alkyl chain length on the extraction of the Zn(II)
complexes with 1-alkyl-4(5)-methylimidazoles into toluene. l—1-butyl-4(5)-methyli-
midazole; A—1-pentyl-4(5)-methylimidazole; €—1-hexyl-4(5)-methylimidazole; @ —
1-heptyl-4(5)-methylimidazole; [J—1-octyl-4(5)-methylimidazole; A—1-nonyl-4(5)-
methylimidazole; O—1-decyl-4(5)-methylimidazole; O—1-undecyl-4(5)-methylimi-
dazole.
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Figure 2. Influence of the alkyl chain length on the extraction of the Zn(Il)
complexes with 1-alkyl-4(5)-methylimidazoles into p-xylene. l—1-butyl-4(5)-methyl-
imidazole; A—1-pentyl-4(5)-methylimidazole; #—1-hexyl-4(5)-methylimidazole;
@—1-heptyl-4(5)-methylimidazole; [1—1-octyl-4(5)-methylimidazole; A—1-nonyl-
4(5)-methylimidazole; &—1-decyl-4(5)-methylimidazole; O—1-undecyl-4(5)-methyl-
imidazole.

logDiy

i
0.5 4 //////
0 T T T T T T T T T T T T
4ls 7 ) 5, A 5 51 5961 6 < 6 69 Tl 73 pH

Figure 3. Influence of the alkyl chain length on the extraction of the Zn(Il)
complexes with 1-alkyl-4(5)-methylimidazoles into 2-ethyl-1-hexanol. l—I-butyl-
4(5)-methylimidazole; A—1-pentyl-4(5)-methylimidazole; #—1-hexyl-4(5)-methyli-
midazole; @—1-heptyl-4(5)-methylimidazole; [J—1-octyl-4(5)-methylimidazole;
A—1-nonyl-4(5)-methylimidazole; <—1-decyl-4(5)-methylimidazole; O—1-unde-
cyl-4(5)-methylimidazole.
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Figure 4. Influence of the alkyl chain length on the extraction of the Zn(Il)
complexes with 1-alkyl-4(5)-methylimidazoles into dichloromethane. BMl—1-butyl-
4(5)-methylimidazole; A—1-pentyl-4(5)-methylimidazole; ®—1-hexyl-4(5)-methy-
limidazole; @—1-heptyl-4(5)-methylimidazole; [—1-octyl-4(5)-methylimidazole;
A—1-nonyl-4(5)-methylimidazole; <—1-decyl-4(5)-methylimidazole; O—1-unde-
cyl-4(5)-methylimidazole.

As seen, there is a separate curve for each system. With each of the solvents
used, the curves are shifted towards lower pH values with an increasing 1-alkyl
chain length. The largest shifts toward higher acidities of solution is seen for
toluene and p-xylene. For the most hardly soluble 1-alkyl-4(5)-methylimidazoles
(those with the nonyl, decyl, and undecyl substituents), the curves tend to form
bundles. Slopes of the curves are different and vary depending on the length of
the alkyl group and the solvent used. The shape of the curves presented in
Figs. 1-4 indicates that, mostly, more than one complex is being extracted.

The plots in Fig. 1 show that the extraction of Zn(II) complexes with
imidazole bases with toluene occurs at different pH. The difference in pH; /»
(at the logDy =0 level) for the extreme curves (i.e., for 1-butyl- and
1-decyl-4(5)-methylimidazoles) is as large as 2.5 pH units. The bundle of
curves for three most hardly soluble azoles is located within the pH range
of 4.4 to 4.6. The shapes of the majority of the extraction curves (log Dy =
f(pH)) presented in Fig. 1 are similar. The only exception provides the
curve of 1-heptyl-4(5)-methylimidazole. The shapes of the extraction curves
of the complexes with p-xylene (Fig. 2) are similar to those presented in
Fig. 1, but they differ more distinctly from one another than those for
toluene. They are distributed within a large pH range (4.1 through 7.3 at the
log Dy = 0O level). The lowest pH; » value is seen in the curve of 1-nonyl-
4(5)-methylimidazole.
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The extraction curves for 2-ethyl-1-hexanol (Fig. 3) intersect the
abscissa within the pH range 5.2-6.9. They are similar in shape, with
the exception of the 1-heptyl-4(5)-methylimidazole curve. Generally, they
are similar to those described for toluene and p-xylene, being, however,
less steep.

The extraction curves for dichloromethane (Fig. 4) differ from those
described previously. They are closer to one another and intersect the
abscissa within the pH range 5.2-6.2. For the three most hydrophobic
compounds, the results create almost a single curve. It means that the
extraction differences among particular compounds become smaller, which
could be due to entering of CH,Cl, molecules in the coordination sphere
of Zn(II) ions.

Displacement of the extraction curves toward lower pH values with an
increasing 1-alkyl chain length in the 1,3-diazole ring can be explained in
terms of either increase in the stability constants of the Zn(Il) complexes in
the aqueous phase or in the partition constants of the complexes passing to
the organic phase. A simultaneous increase in both cannot be ruled out, either.

For the quantitative interpretation of the systems studied, the knowl-
edge of the equilibrium concentration of the free ligand, [L], in the
aqueous phase is necessary. This variable was estimated from the pH
measurements of the aqueous solution and from the dissociation constant
of the protonated azole base, K,. The pK, values required are summarized
in Table 1. Approximate stability constants for each system were deter-
mined by the numerical method using Rydberg’s equation [Eq. (4)].°%

L _ B !
Dy~ P. B, (L] b B (4)

where . are stability constants of the complexes formed in the aqueous phase
and P, are partition constants of the complexes between the aqueous solution
and organic solvent:

[MLC](O)

P, =
[MLC](w)

®)

where [ML.],) and [ML.]) are molar concentrations of complex ML, in the
organic phase and aqueous solution, respectively.

By varying the exponent of [L], a straight line as described by equation
y = ax + b was looked for. By dividing coefficients a and b, the stability
constant of the first complex formed in the aqueous phase, [3;, was obtained.
Then, using Eq. (6) and the method of curve fitting, accurate 3. and P, values
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were found. The results, verified in this way, are collected in Table 1 (stability
constants) and Table 2 (partition constants).

Pc : Bc : [L]C + Pc+1 . Bc+1 : [L]C+l + Pc+2 : Bc+2 . [L]C+2
+-- 4Py By [LIY

D =
M 1+ B - [L1 4By - [LP + -+ By - [LI

(6)

With the data in Table 1, the influence of the number of carbon atoms at pos-
ition 1 in imidazole ring on the stability constants at particular complexation
steps of Zn(Il) can be presented. Respective plots were prepared separately
for each solvent used in the investigation of the partition of Zn(II) between
the two phases, namely for toluene, p-xylene, 2-ethyl-1-hexanol and dichlor-
omethane (Figs. 5-8, respectively). It is worth noting that the stability
constants obtained from extraction experiments were compatible with those
obtained from potentiometric measurements carried out earlier for 1,4(5)-
dimethylimidazole®** and 4(5)-methylimidazole®” as presented in Table 1
and the figures.

At all the complexation steps, the 3. constants distinctly increased with an
increasing 1-alkyl chain length. However, this increase is not equal for all the
stability constants. The 3, and B3 constants are considerably higher, as seen in
all figures. 3, constants were exceptionally high, as compared with those for
the first complex formed in the aqueous phase (the 3, plot is situated consider-
ably higher than the S; plot). Consequently, the Zn(II) complexes with
1-alkyl-4(5)-methylimidazoles are not formed according to the statistic
effect. A new phenomenon emerges here, probably associated with displace-
ment of the configurational equilibrium toward tetrahedral species (Eq. (1),
resulting in an enhancement of the 3, and B3 values being the sum of the
stability constants of both structural forms (tetrahedral and octahedral)
(B = B5+ B3 as well as B5 = B + B3).

Figures 9—-11 represent the influence of solvent on respective stability
constants, log 8;, log 8, and log 3;. At the first complexation step, the
smallest and fairly divergent values were obtained in dichloromethane.
For the next two steps, the results for toluene and p-xylene are comparable
and higher than those for dichloromethane and 2-ethyl-1-hexanol. At the third
complexation step, beginning from 1-heptyl-4(5)-methylimidazole onwards,
the stability constants increase only slightly for the last mentioned solvents.
The results showed in Figures 9—11 prove that dichloromethane and
2-ethyl-1-hexanol molecules are bonding in coordination sphere of Zn(II)
complexes with I-alkyl-4(5)-methylimidazoles. Therefore, the extraction
properties of zinc(I[) complexes depend on both those ligands.



Lenarcik and Kierzkowska

3496

QUBYISWOIO[YIIP 001 + 0008 08 + 0SL T+ 0T
[ouexay-[-[Ay1e-g 0S F 0S¥ 0T F 01¢ I0F Tl
Qua[Ax-d LI X €F 01 X¢ 01 ¥ 011 LOFOL
auan[oy 000 F ,01 X T 01 F 001 SO0 F 050 ajozeprutAyw-(6)p-1A1dey-|
QUEBYISWOIOYDIP 00S + 000S 0S + 009 ST+ I
[ouexay-[-[Ay10-Z 0€ F 00€ 01 T s6 1'0F 0T
Quo[Ax-d 000 + ,01 X ¥ S+ 09 SO0+ 0¢
auan(o} 00S F 0009 S Fos 500 F 00 S[OZEPIWIAYIOUI-(§)p-[AXY-
QUBYIWOIOYDIP 00T + 0002 0€ + 0¢g 80+ 8
[ouexay-1-[Ay1e-g 0T F 00T S Fos SO0 F 09°0
ouaphx-d 00T F 000T (A €0F 0€
ouan[o) 00T F 0081 I F 11 €00 F 0£°0 o[ozeprurAyou-(¢)p-[Auad-|
QURYIOWOIO[YOIP 0S + 00V 9+ <9 €0+ ¢S¢
[ouRXay-1-1A19-7 S+ 99 I+ 01 €0°0 + 0€°0
QuoyAx-d S+ 09 T0F €T I'0F 01
auan|o) 001 F 00S8 € F o€ €0 FS€ 200 F 020 afozepruAyiow-()y—[4Inq-|
UA[OS "4 d 2 'd puesIy

(FONDD) S°0 = T yiSuams OTuor Juejsuod pue D Gg e

juaafos oruedio pue aseyd snoonbe ueamiaq sejozeprurAyiouw-(S)y-1ANe-T Pim saxa[dwod ([))uz jo °4 syueysuod uonnied oyy, 7z 2qvf

1102 Alenuer sz 00:0T

W p8peo jumog



3497

Stability Constants and Extractability of Zn(II) Complexes

QueYIOWOIOYIIP
[ouexay-1-1Aye-g
QuorAx-d

uanjoy
QURYJOWOIOYIIP
[ouexay-1-1Ayje-g
QuoAx-d

quanjo}
QUEYJOWOIOYIIP
[oueXxay-[-[Ay1e-g
QuolAx-d

quanjoy
QURYIOWOIOYIIP
[ouexay-1-1Aye-g
QuoyAx-d

uanjoy

L1 F 01 X 11

01 F 401

X¢F 01 %€

L01 F ,01 X6

009 F 0009

01 T ,01

OIXEFOIXy 01 XTF 0l XT
00SS F ,01 X §°S

00€ + 000¢

+0

OIXETF 01 X¢€ 01 F 01
000 F ,0I X T
00T F 0001
OIX €T 01 %€
000% F 01 X +

1102 Alenuer sz 00:0T

0TI + 0021
00T + 0002
00T + 0001
0ST + 00ST1
0€T + 00€T
0ST + 00ST
09 + 009
021 + 0021
0TI + 0021
08 + 008
0¢€ + 00¢
06 + 008
00T + 006
0€ + 0S¢
0T + 002
0€ + 00¢

W p8peo jumog

v F Oop
SOFSS
ST F 0SI
TOF L1 S[ozepruiAyysw-(§)p-[Koapun-|
¥ F 9€
YOFOY
8 F 08
I0F Tl srozeprurAyyew-(6)-[£09p-T
€ F e
€0F0¢
S F oS
I'0F 60 SozeprurAyiowi-(§)y-[Kuou-|
97 F9C
TOF L1
v F vl
LOO F 0L0 S[ozepruiAyjow-(§)4-[£100-



10: 00 25 January 2011

Downl oaded At:

3498 Lenarcik and Kierzkowska

0 | 2 3 4 5 {.1 7 S 9 10 11

% CHys,
Figure 5. Influence of the alkyl chain length in the position “1” on the stability con-
stants (log B.) of the Zn(Il) complexes with 1-alkyl-4(5)-methylimidazoles in toluene.
@—log 3;; M—log 3,; A—log B3; O, L1, A—potentiometric results.

Figure 12 shows stability constants of the Zn(II) complexes with
1-alkylimidazoles (Fig. 13a)""?! and 1-alkyl-4(5)-methylimidazoles (Fig. 13b)
averaged for all the solvents used. The results for 4(5)-methyl derivatives
are lower at all complexation steps, in particular, for the second and third
complexes. This is due to the steric hindrance, which hampers penetration of

logp.
B

0 1 _; 3 4 5 6 7 8 9 |I|| \['H.,,,”
Figure 6. Influence of the alkyl chain length in the position “1” on the stability cons-
tants (log ;) of the Zn(II) complexes with 1-alkyl-4(5)-methylimidazoles in p-xylene.
@—log 3;; M—log 3,; A—log B3; O, L1, A—potentiometric results.
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Figure 7. Influence of the alkyl chain length in the position “1” on the stability cons-
tants (log B.) of the Zn(II) complexes with 1-alkyl-4(5)-methylimidazoles in 2-ethyl-1-
hexanol. @—log 3;; B—log 3,; A—log B3; O, [], A—potentiometric results.

the heterocyclic ligand into the coordination sphere of the central ion. As a
result, the tetrahedral species are less stable as compared to those substituted
at position 1 only, but are more readily extractable with the organic solvent
owing to smaller number of coordinated water molecules.

Figure 14 shows the influence of the bulkiness of the 1-alkyl group on par-
tition constants of the Zn(II) complexes with 1-alkyl-4(5)-methylimidazoles

logf,

] [ 2 3 4 5 6 7 8 9 10 o, 1

Figure 8. Influence of the alkyl chain length in the position “1” on the stability cons-
tants (log B.) of the Zn(II) complexes with 1-alkyl-4(5)-methylimidazoles in dichloro-
methane. @—log B;; B—log 3,; A—log B3; O, [, A—potentiometric results.
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Figure 9. Influence of solvent on the stability constants (8; of the Zn(II) complexes
with  1-alkyl-4(5)-methylimidazoles. @—toluene; Ml—p-xylene; A—dichloro-
methane; €—2-ethyl-1-hexanol; L—potentiometric results.

in systems with non-polar solvents, toluene and p-xylene. The partition con-
stants of the first and second complex, [ML] (P,) and [ML,] (P,) respectively,
increase only slightly. In particular, the P constants for toluene are very low.
Again, a distinct increase is seen for the third complexes, [ML;3] (P3), and
exceptionally high for p-xylene. Consequently, the extraction of Zn(II)
depends mostly on P, and P; constants. In comparison with the partition

0 1 ] | 4 5 6 7 8 4 10 1
x CHypy

Figure 10. Influence of solvent on the stability constants 3, of the Zn(II) complexes
with 1-alkyl-4(5)-methylimidazoles. @—toluene; Ml—p-xylene; A—dichloro-
methane; €—2-ethyl-1-hexanol; L—potentiometric results.
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Figure 11. Influence of solvent on the stability constants 35 of the Zn(II) complexes
with 1-alkyl-4(5)-methylimidazoles. @—toluene; Ml—p-xylene; A—dichloro-
methane; #—2-ethyl-1-hexanol; [J—potentiometric results.

constants for the first complex, [ML], the results for the second, [ML,], and
third, [MLs], are by one and two orders of magnitude, respectively, higher.
It is likely that beginning from the second step, there are extracted
complexes with the coordination number of 4, which are much more readily
extractable.

10
logf,

wn
»

0 1 2 3 4 3 o T L 9 10 11 12 13 14 15
x CH

Figure 12. Plots of log B. vs. the number of carbon atoms in 1-alkyl chain for the
Zn(Il) complexes with l-alkylimidazoles. M—Ilog 3;; @—log 3,; A—log ; and
1-alkyl-4(5)-methylimidazoles: [J—log 8;; O—Ilog B,; A—Ilog B5; *,x—potentio-
metric data.
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R*= C4Hy, CsH1, CeHy3, C7Hys, CgHy7, CoHio, CioHa1, CiiHas

Figure 13. Chemical structure of 1-alkylimidazoles (a) and 1-alkyl-4(5)-methylimi-
dazoles (b).

In case of partition constants of the complexes extracted with polar solvents,
dichloromethane and 2-ethyl-1-hexanol (Fig. 15), the relations between the con-
stants and the number of carbon atoms in the azole molecule are essentially
similar as before. At the first and second complexation steps the partition con-
stants increase only slightly. In dichloromethane, P, constants, beginning from
1-hexyl-4(5)-methylimidazole onwards, are almost constant. At the third step,
the increase in the constants is distinct in 2-ethyl-1-hexanol beginning from
1-octyl-4(5)-methylimidazole onwards and less distinct in dichloromethane.

CONCLUSIONS

The extraction curves (log Dy = f(pH)) were shifted toward lower pH
values with an increasing 1-alkyl chain length. In all the solvents studied,
extraction curves for the last three compounds of the 1-alkyl-4(5)-methylimi-
dazole series formed a bundle. The lowest pH, , values were obtained for the
1-nonyl-4(5)-methylimidazole Zn(II) complexes in p-xylene (pH;,, = 4.1)
and for the 1-decyl-4(5)-methylimidazole ones in toluene and p-xylene
(pHi 2 = 4.4).
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Figure 14. Influence of the alkyl chain length in the position “1” on the partition
constants (Py, P», P3) of the Zn(II) complexes with 1-alkyl-4(5)-methylimidazoles in
toluene: @, M, A and p-xylene: O, [J, A.

Stability constants of the complexes formed in the aqueous phase
increased with an increasing alkyl chain length of the 1,3-diazoles. This
referred especially to 3, and B3 and was indicative of mounting contribution
of tetrahedral species, which enhanced the overall stability constants. The
nature of the solvent was also crucial. Higher values were obtained in nonpolar
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Figure 15. Influence of the alkyl chain length in the position “1” on the partition con-
stants (Py, P>, P3) of the Zn(II) complexes with 1-alkyl-4(5)-methylimidazoles in
dichloromethane: @, M, A and 2-ethyl-1-hexanol: O, [, A.

solvents (toluene and p-xylene) as compared to the polar ones (2-ethyl-1-
hexanol and dichloromethane).

The steric effect due to the presence of 4(5)-methyl group suppressed the
values of stability constants of the Zn(II) complexes as compared to those with
derivatives carrying 1-alkyl group only.
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An increase in hydrophobicity of ligands resulted in an increase in
partition constants of the complexes. In particular, there was a considerable
increase in the P, and P; constants during extraction with p-xylene. In
addition, the steric hindrance displaced the configurational equilibrium
toward tetrahedral species, this resulting in an increase in the partition con-
stants as compared to those obtained for the 1-alkylimidazole complexes.

For the tetrahedral complexes passing into organic phase one can
assume the following composition: [ZnLS(NOsj),], [ZnL,(NOs),], and
[ZnL;(NO3)](NO3), where L — 1-alkyl-4(5)-methylimidazole, S — solvent
molecule.

Out of the azoles investigated by us, three most hydrophobic derivatives
(1-nonylo-, 1-decylo- and 1-undecylo-4(5)-methylimidazole) can be used in
practice to the selective extraction of Zn(II) ions from aqueous solutions,
as they ensure a high value of the distribution ratio Dy at a very low pH of
the aqueous phase (about 4.5 units).

REFERENCES

1. Kapinos, L.E.; Sigel, H. Acid-base and metal ion binding properties of
pyridine-type ligands in aqueous solution. Effect of ortho substituents
and interrelation between complex stability and ligand basicity. Inorg.
Chim. Acta 2002, 337, 131-142.

2. Vogler, R.; Vahrenkamp, H. Dipeptides made up solely from histidine:
solution behaviour and zinc complexation. Eur. J. Inorg. Chem. 2002,
761-766.

3. Forster, M.; Burth, R.; Powell, A.K.; Eiche, T.; Vahrenkamp, H. Koordi-
nation Einfacher Histidin-Derivative an Zink. Chem. Ber. 1993, 7126,
2643-2648.

4. Bjerrum, J. Metal Amine Formation in Aqueous Solutions. Theory of the
Reversible Step Reactions; Copenhagen, 1941.

5. Saha, N.; Sigel, H. Ternary complexes in solution as models for enzyme-
metal ion-substrate complexes. Comparison of the coordination tendency
of imidazole and ammonia toward the binary complexes of Mn(Il),
Co(II), Ni(II), Cu(Il), Zn(II), or Cd(II) and uridine 5'-triphosphate or
adenosine 5'-triphosphate. J. Am. Chem. Soc. 1982, 104, 4100-4105.

6. Forsling, W. Metal complexes with mixed ligands. 14. A potentiometric
study of the system Zn*"—Cl -imidazole in 3.0M (Na)ClO, and 3.0 M
(Na)Cl media. Acta Chem. Scand. 1977, A31, 759-766.

7. Forsling, W. Metal complexes with mixed ligands. 15. A potentiometric
study of the system Zn*"—Cl -imidazole in 3.0M (Na)ClOy, CI media.
Acta Chem. Scand. 1977, A31, 783-90.



10: 00 25 January 2011

Downl oaded At:

3506 Lenarcik and Kierzkowska

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Sjoberg, S. Critical evaluation of stability constants of metal-imidazole
and metal-histamine systems. Pure and Appl. Chem. 1997, 69,
1549-1570.

Lenarcik, B.; Barszcz, B.; Kulig, J. Stability and structure of transition
metal complexes with azoles in aqueous solution. Part XI. A study on
complex formation between N-butylimidazole and Co(II), Ni(II), Cu(II)
and Zn(Il). Roczniki Chem. 1977, 51, 1315-1322.

Lenarcik, B.; Barszcz, B. Stability and structure of transition metal
complexes with azoles in aqueous solution. Part XIV. Complex formation
between N-methylimidazole and Co(II), Ni(Il), Cu(Il) and Zn(II).
Roczniki Chem. 1977, 51, 1849—-1855.

Lenarcik, B.; Barszcz, B. Stability and structure of transition metal
complexes with azoles in aqueous solution. Part XIX. Structural
effects during complexation of Co(II), Ni(Il), Cu(Il) and Zn(II) with
I-ethylimidazole and I-propylimidazole. Polish J. Chem. 1979, 53,
963-971.

Lenarcik, B.; Kierzkowska, A. The influence of alkyl chain length and
steric effect on stability constants and extractability of Zn(Il) complexes
with 1-alkyl-4-methylimidazoles. Solvent Extr. Ion Exch. 2004, 22 (3),
449-471.

Kapinos, L.E.; Song, B.; Sigel, H. Metal ion-coordinating properties of imi-
dazole and derivatives in aqueous solution: interrelation between complex
stability and ligand basicity. Inorg. Chim. Acta 1998, 280, 50—56.

Jancso, A.; Gajda, T.; Mulliez, E.; Korecz, L. Equilibrium and solution
structural study of the interaction of tri- and tetra-dentate polyimidazole
ligands with transition metal ions. Chem. Soc., Dalton Trans. 2000,
2679-2684.

Dudeyv, T.; Lim, C. Tetrahedral vs octahedral zinc complexes with ligands
of biological interest: a DFT/CDM study. Am. Chem. Soc. 2000, /22,
11146-11153.

Kapinos, L.E.; Sigel, H. On the metal-ion-coordinating properties of the
benzimidazolate residue in aqueous solution—extent of acidification of
benzimidazole-(N3)H sites by (N1)-coordinated divalent metal ions.
Eur. J. Inorg. Chem. 1999, 1781-1786.

Kapinos, L.E.; Song, B.; Sigel, H. Acid-base and metal-ion-coordinating
properties of benzimidazole and derivatives (=1,3-dideazapurines) in
aqueous solution: interrelation between complex stability and ligand
basicity. Chem. Eur. J. 1999, 5, 1794-1802.

Kldui, W.; Piefer, C.; Rheinwald, G.; Lang, H. Biomimetic zinc
complexes with a new tripodal nitrogen-donor ligand: tris[2-(1-methyl-
4-tolylimidazolyl)phosphane] (Pim™*#™"). Eur. J. Inorg. Chem. 2000,
1549-1555.



10: 00 25 January 2011

Downl oaded At:

Stability Constants and Extractability of Zn(II) Complexes 3507

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lenarcik, B.; Kulig, J.; Laidler, P. Stability and structure of transition
metal complexes with azoles in aqueous solution. Part II. 2-methylimida-
zole complexes of Co(Il), Cu(Il) and Zn(II). Roczniki Chem. 1974, 48,
1151-1157.

Lenarcik, B.; Obtak, K. Stability and structure of transition metal
complexes with azoles in aqueous solution. Part XV. A study on
complex formation between 4-methylimidazole and Co(II), Ni(Il) and
Zn(II). Roczniki Chem. 1977, 51, 2079-2086.

Lenarcik, B.; Barszcz, B. Stability and structure of transition-metal
complexes of azoles in aqueous solution. Part 21. A comparison of the
complex-forming capacity of 1,2-dimethylimidazole with that of other
1,3-diazoles. Chem. Soc. Dalton Trans. 1980, 24 —28.

Lenarcik, B.; Kurdziel, K.; Czopek, R. Stability and structure of transition
metal complexes of azoles in aqueous solution. Part XXVIII. The steric
effect in the complex formation of 2-n-propylimidazole and 2-isopropyli-
midazole. Polish J. Chem. 1991, 65, 815-820.

Sigel, H.; Saha, A.; Saha, N.; Carloni, P.; Kapinos, L.E.; Griesser, R.
Evaluation of intramolecular equilibria in complexes formed between
substituted imidazole ligands and nickel(II), copper(Il) or zinc(Il). J.
Inorg. Biochem. 2000, 78, 129—-137.

Lenarcik, B.; Czopek, R.; Kurdziel, K. Research for optimum conditions
for extraction of metal complexes by alkylimidazoles. Part IV.
The influence of steric effect on the extraction of the complexes of
2-ethylimidazole with Co(II), Ni(II), Zn(II) and Cd(II). Polish J. Chem.
1991, 65, 837-843.

Lenarcik, B.; Kurdziel, K.; Czopek, R. Stability and structure of transition
metal complexes with azoles in aqueous solution. Part XXIX. The influ-
ence of the size and structure of the alkyl group on the formation of
2-alkylimidazole complexes. Polish J. Chem. 1991, 65, 1235-1241.
Lenarcik, B.; Glowacki, J.; Rzepka, M. Search for optimum conditions
of extraction of transition metal complexes with alkylimidazoles.
I. Extraction of the Co(II), Ni(Il) and Zn(IT) complexes of 1-methylimid-
azole and of the Co(II) and Zn(IT) complexes of 2-methylimidazole. Sep.
Sci. Technol. 1979, 14, 37-54.

Lenarcik, B.; Adach, A.; Radzyminska-Lenarcik, E. The influence of
steric effect and alkyl chain length on extraction of the complexes of
Co(II), Ni(Il), Cu(II), Zn(II) and Cd(II) with 1-alkyl-2-methylimidazoles.
Polish J. Chem. 1999, 73, 1273—1281.

Barszcz, B.; Kulig, J.; Jezierska, J.; Lisowski, J. The role of the side group
in reactions involving 1-propyl-2-methylimidazole and 1-propyl-2-imida-
zolecarboxaldehyde and Co(II), Ni(Il), Cu(Il) and Zn(II) ions. Polish J.
Chem. 1999, 73, 447-456.



10: 00 25 January 2011

Downl oaded At:

3508 Lenarcik and Kierzkowska

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

du Preez, J.G.H.; Gerber, T.I.LA.; Edge, W.; Mtotywa, V.L.V.; van
Brecht, B.J.A.M. Nitrogen reagents in metal ion separation. XI. The
synthesis and extraction behavior of a new NS imidazole derivative.
Solv. Extr. Ion Exch. 2001, /9, 143—-154.

Lenarcik, B.; Ojczenasz, P. Investigation of the stability of Co(II)
complexes with a homologous series of 1-alkylimidazoles in aqueous
solutions by using a partition method with several solvents. Sep. Sci.
Technol. 2004, 39, 199-226.

Lenarcik, B.; Rauckyte, T. The influence of alkyl chain length on
extraction equilibria of Ni(II) complexes with I-alkylimidazoles in
aqueous solution/organic solvent system. Sep. Sci. Technol. in press.
Lenarcik, B. Radzyminska- Lenarcik, E. in press.

Lenarcik, B.; Ojczenasz, P. The influence of the size and position of
the alkyl groups in alkylimidazole molecules on their acid—base
properties. Heterocyclic Chem. 2002, 39, 287-290.

Lenarcik, B.; Kurdziel, K.; Czopek, R. Search for optimum conditions of
extraction of metal complexes with alkylimidazoles. III. Structure—
extractability relationship for 1,4-dimethylimidazole complexes of
Co(ID), Ni(Il), Cu(Il), Zn(Il) and Cd(I). Solv. Extr. Ion Exch. 1986, 4,
165-182.

Kapinos, L.E.; Song, B.; Sigel, H. Metal ion-coordinating properties of
imidazole and derivatives in aqueous solution: interrelation between
complex stability and ligand basicity. Inorg. Chim. Acta 1998, 280,
50-56.

Pernak, J.; Krysinski, J.; Skrzypczak, A. Bakterizide Wirkung von
Iminiumverbindungen. A. Tenside, Surfactants Deter. 1987, 24 (5),
276-279.

Braibanti, A.; Ostacoli, G.; Paoletti, P.; Pettit, L.D.; Sammartano, S.
Potentiometric apparatus and technique for the pH-metric measurement
of metal-complex equilibrium constants. Pure Appl. Chem. 1987, 59,
1721-1728.

Rydberg, J. On the complex formation between thorium and
acetylacetone. Acta Chem. Scand. 1950, 4, 1503—-1522.

Received March 2004
Accepted July 2004



