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ABSTRACT: A competitive spectrophotometric method has been used for the
study of complexation between Cu*, Zn** and Cd™* (M) and 18-crown-6(18
C6, B) in methanol using 4-(2-thiazolylazo} resorcinol (TAR, HIL)} as the
colorimetric complexant. Absorption spectra of the species in the M-TAR-18 C6
Systemt at various concentrations of 18C6 showed no formation of ternary
complex, MLB, and the stoichiometry of the resulting complexes was found to be
1:1 under the condition used. The formation constants of both types of complexes
(ML and MB) were determined using the conditional formation constant of ML
complexes at constant acidity in the absence (Ky') and presence (Kyy1:) of
18C6. The results showed thar the Kyg values increased in the order of
Cu’*<Zn** <Cd™, the Kyp values were comparable with those reported
previously.
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Macrocyclic ligands of the crown ether and cryp- which are related to characteristic properties of mac-
tand types are capable of forming stable and selective rocyclic ligand, reacting fon and solvent [2-5]. Per-
complexes with metal cations [1-3]. The process of haps the simplest typical crown ether is 18-crown- 6,
ion-macrocycle association depends on some factors a stable and commercially available compound which
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is a unique ligand because of its low complexing
ability with the small cations, despite their higher
charge density. This behaviour for the cations such as
Cu®* and Zn" is very interesting, because a reverse
order has been usually noted for most chelating
agents [2,3]. Indeed, 18C6 is frequently used as an
example of the importance of "size matching" in com-
plexation chemistry. Since the complexation reaction
of macrocyclic ligands including 18C6 with some tran-
sition metal cations, such as Cu’* , Zn’* and Cd**
has been studied less than other cations, therefore,
further studies is neccessary for investigation of the
stability and selectivity of these metal ion com-
plexes with macrocyclic ligands.

Recently, spectrophotometric procedures involv-
ing the competition of the two ligands have success-
fully been applied to study many complexes [6,7],
Including some crown ether and cryptand metal ion
complexes in nonaquaocus solvents [8-14]. In the pre-
sent work, we have used a previously reported spec-
trophotometric procedure [14,18] to study the com-
plexation of mentioned cations with 18C6é in metha-
noel, using TAR as a colored competitive ligand. The
results are compared with those reported by other
researchers. Also, the competitive effect of 18C6 on
the selectivity of chelating agent has been explored.

EXPERIMENTAL
Reagents

All chemicals used were of GR grade and were
used without further purification. The required
quantities of each salt: CuCl, . H,O , ZnCl; and
CdCl; HpO0 (all from Merck Chemical Co.) were
dissolved in methanol (spectroscopic grade from
Merck) to prepare solutions with concentration of
12.5-25%107*M. Each solution was standardized by
EDTA titration. 18C6 (Sigma Chemical Co.) was
precipitated as its acetonitrile (Merck Chemical Co.)
complex [15]. The white crystals were isolated and
kept under vacuum at room temperature for 48 hours
to remove acetonitrile molecules and then dissolved
in methanoi. The colored ligand, TAR (Fluka Chemi-
cal Co.) solution was prepared with concentration of
1.0X107°M. Perchloric acid (from Merck) and tetra-
ethylammonium perchlorate (from Fluka) were used
for adjusting the acidity and the ionic strength of the
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solutions, respectively.

Procedure

(a) The metal ion solution was added in successive
steps, 10-25 uL each time, using a2 Hamilton micro-
liter syringe to 10.0 mL of a methano! soluticn
containing TAR (2.0x107°M), at a constant acidity
(1.2x10™*-12x10™M HCIO,) and ionic strength
(0.025), to give a concentration of (10-50)x10‘5M.

(b) To the solution prepared by procedure (a)
18C6 solution was further added to give a concen-
tration of (2-8))(10’3M. After each addition of the
metal ion, the absorbance was measured at the peak
of the complex by using a Shimadzu UV-160A record-
ing spectrophotometer. No precipitation occurred
during the experiments.

RESULTS AND DISCUSSION
Absorption spectra

Fig. 1 shows the variation of the absorption spec-
tra of the TAR(HL) solution with varing Cu concentra-
tion, Cy, at the condition where: {HCIO,|= 2x107'M
and [18C6]=0 (Procedure(a), lines 2,5,6) or [18CH]=
4x10™* (Procedure(b), lines 3,4). In each procedure,
(a) or (b) the absorption of the solutions decreases at
the peak of TAR (440 nm) and increases at the peak
of TAR- copper complex (568 nm). Moreover, these
spectra show a well defined isobestic point (483 nm).
This fact indicates that only one colored component
except of the colored ligand should be present in the
solutions. On the other hand, the use of Mollara
method [16] reveals that the colored component is
1:1 Cu-TAR complex, i.e. there is no formation of
ternary complex, CuLB. Similar results were obtained
for other systems. The observed shift (140 nm) in the
obsorption spectra of indicator upon addition of
metal cation to solutions of TAR (Fig. 1) is due 10
the formation of metal cation-TAR complex and its
equilibrium dissociation. Similar shift has been
ohserved for Y-TAC system [11].

Determination of the conditional formation cons-
tant of M-TAR and stability constant of M-18C6
complexes

The measured absorbance 4 due to M-TAR(HL)
complex was used to determine the conditional
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Fig. 1: Spectral changes for Cu-TAR (2,56 specira) and
Cu-TAR-18C6 (3,4 spectra; [18C6]= 4X10_3M) systems in
methanol at 25°C, u = 0.025, [HCIO = 1x10~* M, TAR
concentration is 1 X107 M and [Cu2+] varies as:
(1) 0.0 M; (2) 2.5%107° M; (3) 5.0X10™° M; (4) and (5)
15%107 M; (6) 2.0x10™° M

formation constant at a given acidity, Ky A was
measured at a constant acidity and various concen-
trations of M in the binary (M-TAR) system [proce-
dure(a)] to obtain the K,y - values, that defined as
[17]: Ky = [ML]/[M][L’], where [L']=[L]+{HL]
{the charges are omitted for simplicity). It was
determined by the same manner as described in ref.
[18]:
(AfAg — 1)/Cy = Emr Kmu /81 — KA/ Ay

(1)
where A4 is the absorbance before addition of metal
ion, &y and & are the molar absorptivities of the
complex and the free TAR, at a given acidity, respec-
tively.

For ternary M-TAR(HL)-18C6(B) system [proce-
dure(b)], the conditional formation constant at the
given acidity, Ky , is defined as: Ky =
[MI]/[M'|[L], where [M']= [M] + [MB] + [MB,].

The Ky values were determined by a similar
equation to (1) (Fig. 2).

(AfBg — 1)/Cy = emp K /60 — K AS Ay
@

The values of Kyp (Metal-18C6) complexes are
obtained from Kyq- , and Kypp values using -the
foltowing equation [11}.

(Kmr /Kwr = 1)/Cp = Kup + Kz Cp 3)

Avplotof (Kyy /Ky — 1)/Cg vs Cg at a relatively
low wvalues of Cg and constant acidity, yields a
horizental line for each of the metal ions, Fig. 3; this
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Fig. 2: Plots of (Aidy - 1)iCy vs. Aidy for Zn-TAR(1) and
Zn-TAR-18C6 systems in methanol. The Cp varies as: (1) 0.0
M; (2) 0.02 M; (3) 0.04 M; (3) 0.06 M; (5) 0.08 M.

supgests the formation of 1:1 complexes between the
metal ions and 18-crown-6.

Table 1 compairs the present and previously
reported log Ky - and log Kyp values. it is obvious
that the stability of complexes of the heavy metal
cations with 18C6 increases in the order of Cu**<
Zn** <Cd™

The response of complex stability to the neutral
oxygen donors in crown ethers is a function of metal
ion size that gives rise to a rule of ligand design for
increasing the selectivity [19]. The molecular mecha-
nics calculations, show that 18C6 has two stable
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Fig. 3: Plots of (KiK' - 1)iCy vs. Cg . (1) Cu; (2} Zn;
(3) Cd
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Table I: Values of logK; of M-18C6 and M-TAR complexes
compared to the reporied values.

/ Cation \

Ligand|Caticn| log Ky Medium

diameter
(A)
18C6 | Cu®*| 114 |2.44%002| By,NCIO, =0025 M
2477 | BuyNCIO, =0.1 M
7ot ) 148 |2724002| EuNCIO, =0025 M
222" |BuNI =01 M
ca**| 190 [3.12%003| B,NCIO; =005 M
3.58° | EyNCIO, =0025 M
TAR | Cu®* 5.19+0.04| HCIO, =2X10"'M
Zn** 338+0.03| HCIO, =2x10"" M
2
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3.50x0.03| HCIO,

ca** =2%x107°
N Y

u= 0025 ;t = 25°C in all experiments
a:Ref 5,6 Ref 21, c:Ref 22

conformers with Dy, and C; symmetries [20]. The Dy,
conformers is required for complex formation, since
in this case all of the oxygen atoms participate at the
complex structure.

As it is clear from Table 1, the ionic sizes of the
metal ions are smaller than 18C6 cavity (2.6-3.2 A).
Because of participation of all of the oxygen donor
atoms of the existing ligand at the complex structure,
its seems that for these three metal cations, the
selectivity of the ligand for large metal ions increases
over small metal ions, since in the case of larpe metal
ions, the change in conformation of the ligand upon
complexation is iess than small metal ions.

Another factor that may influence the stability
order of Cu-18C6 and Zn-18C6 complexes could be
explained by Pearson theory for hard-soft interactions
between Lewis acids and bases. Generally, neurtral
oxygen donors (ROH, R;O) act as hard base and
more affinity is observed towards hard acids. Since
Zn** is a harder acid than Cu®* (5), it could be
expected that the stability constant of Cu-18-crown-6
complex to be heigher than Zn-18-crown-6 complex.
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