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Alkylimidazoles have good complexing properties, also they are cheap so can be successfully used in the
separation of metal ions from aqueous solutions.

alkylimidazole basicity metal ion complexes stability constants

| 1. Introduction

An imidazole (1,3-diazole) ring is a building unit of compounds occurring in living organisms. The most common
ones include histidine, histamine, pilocarpine, adenine, guanine, purine as well as vitamin H (biotine); the one
named last was discovered by Utter in 1960, Some derivatives of imidazole, for instance pilocarpine, have been
used as medicinesl2. Imidazole, discovered in the 19" century by the Polish chemist Radziszewskil3], belongs to
the family of five-membered heterocyclic bases called azoles. It is an aromatic compound with a planar ring
structure. Owing to the intermolecular hydrogen bonds, imidazole is a solid compound. In an aqueous solution it is
a base. All hydrogen atoms in the ring can be substituted, amongst others, by alkyls to give a homologous series of
alkylimidazoles.

[1] Stryer, L.; Berg, J.M.; Tymoczko, J.L.; Gatto, G.J.Jr. Biochemistry, WH Freeman & Co 2019
[2] red. Chrusciel T.: Leksykon lekow. PZWL Warszawa, 1991

[3] Radziszewski B.: Uber Glyoxalin und seine Homologe, Dtsch. Chem. Ges. 1882, 15, 2706-2708

| 2. Properties of Alkylimidazoles

In Pearson’s theoryldl (HSAB), imidazole (Figure 1) is an intermediate base (pK, = 7.14Rl) forming stable
complexes with metal ions, a feature which is used for their separation8ZEIRI101[11]{12]:
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Figure 1. The imidazole molecule.
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The alkaline, hydrophobic and complexing properties of imidazole can be affected by the introduction of various
substituents into the ring, including alkyl ones. Alkylimidazole derivatives constitute a group of stable bases, whose

properties (hydrophobic and alkaline) can be modified by changing the size of the alkyl group and its position in the
imidazole ring!13J(141[15](16][17][18][19][20][21][22][23]24][25][26][27][28][291(30][31] The ability to separate metal ions was tested

with the use of the following homologous series of alkylimidazoles: 1-alkylimidazoles23I14I1SI16]17] o
alkylimidazoles22B39E1 1 2_dialkylimidazoles22I[18]1191[22][23][24][25][261[27] and 1,4-dialkylimidazoles22I20[211[22][28] |t

has been proven22 that, for individual homologous series, the basicity increases linearly as the number of carbon
atoms in alkyl groups becomes larger. The primary parameter deciding about the usefulness of alkylimidazoles for

the separation of metals in the process of (solvent, membrane, etc.) extraction involves their basicity.

Table 1 lists the values of dissociation constants (pK_,) of the protonated forms (HL") of the homologous series alkyl
imidazole (L). The value of the constant term (the “b” constant) in linear equations may be a basis for comparing
the basicity of homologous series of alkylimidazoles. The basicity of these homologues decreases in the following
sequence: 1,2,4-trialkylimidazoles > 1,2-dialkylimidazoles > 2-alkylimidazoles > 1,4-dialkylimidazoles > 1-

alkylimidazoles.

Table 1. Changes in the basicity of alkylimidazoles depending on the position and number of alkyl groups

according tol28l, in aqueous solutions at 25 °C, ionic strength 0.5 mol/dm3 (KNO3).

Linear Equation for Basicity
Homologous Series

pK, =an +b
1-alkylimidazole pK,; =0.0222 n + 7.165
1,2-dialkylimidazole pK, =0.0432 n + 8.01
1,2,4-trialkylimidazole pK, = 0.0503 n + 8.46
1,4-dialkylimidazole pKy =0.0279 n + 7.79
2-alkylimidazole pK, =0.0349 n + 7.87

n — is the sum of carbon atoms in the alkyl substituents.

2.1. The 1-Alkylimidazole Moiety as a Carrier
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The placement of an alkyl substituent in the 1 position of imidazole causes a significant increase in the hydrophobic
properties of the particle and a slight increase in its basicity (Table 1). 1-Alkylimidazoles are used as extractants of
numerous metal ions, such as, e.g., Cu(ll), Hg(ll), Co(ll), Pb(ll) and Zn(I)2324], Cuprey28 and Shakers et al.24
have suggested complex imidazole derivatives, having in their substituents in position 1,2 or 1,2,4,5 large alkyl

groups with 6 to 40 carbon atoms, or cycloalkyl groups consisting of 5-12 carbon atoms.

The processes of transport through the PIMs used 1-alkylimidazoles poorly soluble in water (Figure 2), having

small alkyl substituents (from 6 to 10 carbon atoms).

No. R- Name
CeHis,  1-hexylimidazole
CsHis,  1-heptylimidazole
CsHiz,  1-octylimidazole
CoHiy,  1-nonylimidazole
CwH2z1  1-decylimidazole

N

/ \

Ul = W N =

Figure 2. The 1-alkylimidazole molecule.

1-Alkylimidazoles 1-5 (Figure 2) were used to separate Cu(ll) from a Cu—Zn—Co—Ni mixture from nitrate[32I3€l or
chloride solutions®Z, as well as Zn(Il) from Zn—Co-Ni28, Zn—Cd-Ni2 and Zn-Mn mixtures#2. Ajji and Ali 22
used 1-vinylimidazole to separate Cu(ll) and Fe(lll) ions in the process of transport across polymer membranes

made of polyvinyl acetate.

2.2. The 1-Alkyl-2-Methylimidazole and 1-Alkyl-4-Methylimidazole as a Carriers

The introduction of even a small group (e.g., methyl) into the 2 or 4 positions of the imidazole ring highly increases
the basicity of the molecule (Table 1), with a simultaneous increase in the hardness of these bases (the HSAB
theory) compared to imidazole and 1-alkylimidazoles. 1-Alkyl-2-methylimidazoles 6-9 (Figure 3) were used to

separate Cu(ll) from a Cu—Zn—Co—Nil22l4142]143] mixture, as well as Zn(ll) from a Zn—Cd—Ni mixture22,

N No. R Name
/ )\ 6  CsHiz  I-hexyl-2-methylimidazole
CHy 7
8
9

CsHiz  1-octyl-2-methylimidazole

N C7His  1-hepyl-2-methylimidazole
I
) CuwH21  1-decyl-2-methylimidazole
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Figure 3. The 1-alkyl-2-metylimidazole molecule.

HaC No. R Name
/ \ 10 CeHia 1-hexyl-4-methylimidazole
) 11 C7His 1-hepyl-4-methylimidazole
'I' 12 CsHir  l-octyl-4-methylimidazole
R 13 CuwHz  1-decyl-4-methylimidazole

Figure 4. The 1-alkyl-4-metylimidazole molecule.

On the other hand, 1-alkyl-4-methylimidazoles 10-13 (Figure 4) were used to separate Cu(ll) from a Cu—Zn—Co—Ni
mixture28 and zn(ll) from a Zn—Cd—Co-Nil#443] and a Zn-Cd-Ni mixturel®2. 1-Octyl-4—methylimidazole (12) was

used in the final treatment of galvanic wastewater containing Zn(l1) ions€l.

2.3. The 1-Alkyl-2,4-Dimethylimidazole as a Carrier

The addition of two methyl groups into positions 2 and 4 of an imidazole ring highly increases the basicity of the
molecule (Table 1). Among all homologous series of alkylimidazoles, 1-alkyl-2,4-dimethylimidazoles are the
strongest bases. 1-Octyl-2,4-dimethylimidazole (14, Figure 5) was used to separate Zn(ll) ions from a Zn—Cd—Ni
mixturel3. On the other hand, 1-decyl-2,4-dimethylimidazole (15, Figure 6) was used in the separation of Zn(ll)

from a Zn-Cd mixture4d.

H,C
I\
N

|
CgH17

CHa

14

Figure 5. The 1-octyl-2,4-dimetylimidazole molecule.
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H,C
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C1oH21

15

Figure 6. The 1-decyl-2,4-dimetylimidazole molecule.

| 3. Complexes of Alkylimidazoles

According to Bjerrum[28! in an aqueous solution, metal ions (M?*) having complex-forming properties gradually
bind base particles (L) (Equation 1):

[M(H20)N-n+1kn-1 7 + L« [M(HO)n_pLnJ*" + H20 1)

in which N stands for the maximum coordination number of a metal ion.
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Figure 7. Complex formation.

This results in the establishment of equilibria for the gradual formation of single-core complexes (ML, ML,....MLy).
The formation of complexes with alkylimidazoles in a membrane proceeds according to the pattern presented in

Figure 7.

Another factor deciding about the usefulness of alkylimidazoles for the separation of heavy metal ions involves the
stability of their complexes with the ions of these metals. Table 2 lists the values of stability constants (log f3,,) of

Co(ll), Ni(I), Cu(ll) and Zn(Il) complexes with 1-alkylimidazoles.

Table 2. The stability constants (log B,) of Co(ll), Ni(ll), Cu(ll), and Zn(ll) complexes with 1-alkylimidazoles in

aqueous solutions at 25 °C, ionic strength 0.5 mol/dm2 (KNO3).

log Bn

log B1

log B

log B3

log B4

Co(I2s3!

y = 0.302x + 1.653

y = 0.342x + 2.592

y =0.377x + 3.881

y =0.434x + 4.780

Ni(1)2!

y =0.161x + 2.631

y =0.164x + 4.790

y =0.164x + 6.233

y = 0.166x + 5.653

Cu(In2d
4.15
7.57

Zn(I)28l

y =0.229x + 1.986

y =0.229x + 4.500

y =0.229x + 5.700
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x—the number of carbon atoms in the 1-alkyl substituent.

Table 2 indicates that the stability of the complexes of Co(ll), Ni(ll), Cu(ll) and Zn(ll) ions increases in the following
sequence: Co(ll) < zn(ll) < Ni(ll) < Cu(ll). The values of stability constants of Cu(ll) complexes with 1-
alkylimidazoles do not depend on the length of the alkyl group2Z, while the stability constants of Co(Il)22], Ni(11){
and zZn(I1)X8 complexes increase linearly along with an increase in the length of the alkyl group (Table 2). Table 3
lists the values of stability constants (log (,) of Co(ll), Cu(ll) and Zn(ll) complexes with selected 1-alkyl-2-

methylimidazoles (6, 8, 9).

Table 3. The stability constants (log B,) of Co(I)22 cu()i28 and zn()28 complexes with 1-alkyl-2-

methylimidazoles in aqueous solutions at 25 °C, ionic strength 0.5 mol/dm3 (KNO3).

Carrier Metal ion log B1 log B> log B3 log B4

Co(ll) 1.96 2.18 3.02 5.61

1-hexyl-2-methylimidazole

Cu(ll) 3.52 6.63 8.98 -
(6)
Zn(I1) 3.48 5.80 8.30 10.10
Co(ll) 1.94 2.14 3.06 5.70
1-octyl-2-methylimidazole
Cu(ll) 3.53 6.65 9.65 -
®
Zn(11) 4.45 6.80 9.10 -
Co(ll) 1.95 2.21 3.16 5.76
1-decyl-2-methylimidazole
Cu(ll) 3.54 6.68 9.44 -
9
Zn(I1) 5.10 7.75 9.90 -
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The data in Table 3 indicates that the stability of complexes of 1-alkyl-2-methylimidazoles with metal cations is
lower by one order of magnitude compared to analogous compounds with 1-alkylimidazoles (Table 2), although 1-
alkyl-2-methylimidazoles are harder bases and they should be bound more strongly with metal cations. Reduction
in the stability of these complexes results from the so-called steric effect (steric hindrance) related to the presence
of a substituent (e.g., a methyl) in direct vicinity of the donor nitrogen atom (Figure 1, N-3). It hinders the process of
generating complexes. Table 4 lists the values of stability constants (log (3,) of Co(ll), Cu(ll) and Zn(Il) complexes
with selected 1-alkyl-4-methylimidazoles (10, 12, 13).

Similar to the case of 1-alkyl-2-methylimidazoles, the steric effect of a methyl substituent in position 4 results in a
reduction of the stability of complexes of 1-alkyl-4-methylimidazoles compared to analogous compounds with 1-
alkylimidazoles. The influence of steric hindrance also depends on the complex forming properties of metal ions. It
hinders the formation of octahedral or pseudo-octahedral complexes. It does not hinder the generation of

complexes with the shape of a tetrahedron.

Table 4. The stability constants (log B,) of Co(ll), Cu(ll), zZn(ll), Cd(ll), and Ni(ll) complexes with 1-alkyl-4-

methylimidazoles in aqueous solutions at 25 °C, ionic strength 0.5 mol/dm3 (KNO3).

) Metal log log log log
Carrier
lon B1 B2 B3 Ba
Co(i2 125 204 3.02 561
Cu(l)i28 372 455 653 -
1-hexyl-4-

methylimidazole
y Zn(n2Y 295 560 630 -

(10)
cdan2@ 220 393 511 581
Ni(11)2 1.04 151 232 3.05
1-octyl-4- Co(Inll 134 214 328 5.79

methylimidazole

28
(12) Cu(l)i28 385 449 657 -
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Zn(11)i2
[42]

204 350 6.20 6.90

cdanpizal 126 220 293 3.91

Ni(i)28 069 1.04 2.00 2.92

Co(I] 140 295 360 5383

Cu(In2® 394 453 6.60 -
1-decyl-4-

methylimidazole
ylimicaz Zn()22 430 690 7.70 12.50

(13)
cdn#sl 145 225 248 3.14

Ni(n4d 055 0.86 1.48 -

Table 4 indicates that the stability of the complexes of Co(ll), Ni(ll), Cu(ll), Zn(ll) and Cd(ll) ions increases in the
following sequence: Ni(ll) < Cd(ll), Co(ll) < Zn(ll) < Cu(ll). In agueous solutions, cations of Co(ll), Ni(ll), Cu(ll),
Zn(I1), and Cd(ll) exist in the form of octahedral aqua complexes [M(H,0)g]%* BY. In the case of Co(ll), Zn(ll) and
Cd(ll) ions, their octahedral agueous complexes tend to change the coordinate number (c.n.) from 6 to 4, and at
the same time change the symmetry of their coordination sphere into a square flat or deformed tetrahedron, in

depending on the structure of their d-electron layer, which can be described in Equations (2):

[M(H20)g-n+1Ln-112* + L < [M(H20)4.Ln]?" + 3H,0

()
[M(H20)6-nLn]?* < [M(H20)4.nLnl*" + 2H,0

The steric effect of the substituent in position 2 or 4 decreases the stability constants of octahedral complexes of all
the studied metals, although it does not hinder the formation of tetrahedral species!22I[18]1191[20][21][22][23][24][25][29][49]
The Ni(ll) ions form mostly 6-coordination complexes, because they have a rigid octahedral structure which is hard
to deform. The complexes of Ni(ll) both with 1-alkyl-2-methylimidazoles (Table 3) and with 1-alkyl-4-

methylimidazoles (Table 4) have the lowest stability constants compared to 1-alkylimidazoles. The steric effect
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(Table 3 and Table 4) has a much lower impact on the stability of Cu(ll) complexes due to the plasticity of its

coordination spherel3],

Table 5. The stability constants (log 3,,) of Cd(ll), Ni(ll), and Zn(ll) complexes with 1-alkyl-2,4-dimethylimidazoles in

aqueous solutions at 25 °C, ionic strength 0.5 mol/dm3 (KNO3).

Carrier Metal ion log B1 log B> log B3 log B4

Zn(ll) 1.65 2.17 4.48 6.39

1-octyl-2,4-dimethylimidazole

cd(ll) 1.17 253 4.21 5.68
(14)%
Ni(ll) 0.09 0.22 1.11 2.05
1-decyl-2,4-dimethylimidazole Zn(lly 217 4.48 6.39 9.87
[ﬂ]
(15) cd(ll) 2.53 421 5.68 7.56

Table 5 lists the values of stability constants (log ) of Co(ll), Cu(ll) and Zn(ll) complexes with selected 1-alkyl-2,4-
dimethylimidazoles 14, 15. In the case of 1-octyl-2,4-dimethylimidazole (14), the stability constants of Zn(ll), Cd(ll)
and Ni(ll) complexes increase in the following order: zn(ll) > Cd(ll) > Ni(ll) (Table 5); for 1-decyl-2,4-
dimethylimidazole (15), complexes with Zn(ll) are more stable than those with Ni(ll), except for the first formed
complex (ML). The steric effect caused by the presence of methyl substituents in positions 2 and 4 causes the
values of stability constants for the complexes of metals (Table 5) with 1-alkyl-2,4-dimethylimidazoles to be lower

compared to 1,2- and 1,4-dialkylimidazoles.
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