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The electrochemical behavior and the complex formation between Ni?* and 1,7-diaza-15-crown-5 and 1,10-diaza-18-
crown-8 in acetonitrile solution have been studied by DC polarography, differential pulse polarography and cyclic
voltammetry. Nickel(Il) complexes gave a single well-defined wave. The formation constants of their complexes were
10*® and 10*%, respectively. Nickel(Il) ion was found to form complexes of 1-to-1 composition with 1,7-diaza-15-crown-
5 and 1,10-diaza-18-crown-6. In addition, reduction steps were irreversible and the reduction current were diffusion
controlled. The electrochemical reduction mechanism of Ni(Il}-macrocyclic diaza-crown complexes in acetonitrile solu-

tion is estimated.

Introduction

The alkaline and alkaline earth metal ion selectivity of
polyether macrocyclic ligands have been well investigated! >,
Along a given series of ligands, maximum stability is usually
observed when optimum macrocyclic ring (or cavity) size is
reached for a particular metal ion.

In contrast, such discrimination on the size of macrocyclic
ring containing transition metal ions has been much less
documented*~”. A major difficulty with these systems when
the macrocyclic ligand contains an N-donor set is that tradi-
tional methods of determining stability constants {(such as
potentiometric titration) are not satisfactory with such com-
plexes because thermodynamic equilibrium is often ex-
tremely slow to be established’°

Nevertheless, studies involving potentiometric determina-
tion of stability constants for nickel complexes of a number
of mixed donor macrocyclic ligands have been carried out.
Also, the electrochemical behavior or complexes with a num-
ber of macrocyclic ligands have been extensively studied in
the aqueous solution'™ 2. But relatively few studies on the
electrochemical behavior have been reported in the non-
aqueous solution.

Hence, this study is to investigate the complex formation
and electrochemical behavior of nickel complexes of 1,7-
diaza-15-crown-5 and 1,10-diaza-18-crown-6 as shown Figure
1 in acetonitrile solution by DC polarography, differential
pulse polarography and cyclic voltammetry.

Experimental

Reagent. 1,7-Diaza-15-crown-5{DA15C5] and 1,10-diaza-
18-crown-6[DA18C6] was obtained from Aldrich Co. and was
used without further purification. Also, nickel nitrate used
as a nickel ion source was obtained from Junsei Chemical
Co. Acetonitrile (AN) used as solvent was purified by Coe-
tzee method™ and tetraethylammonium perchlorate (TEAP)
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Figure 1. Structual formulas of macrocyclic ligands.

used as supporting etectrolyte was synthesized and purified
by Kolthoff method",

Polarographic and Cyclic Voltammetric Measure-
ment. Polarographic and cyclic voltammetric measureme-
nts of complex are made with a EG & G PAR (Princeton
Applied Reserch) Model 264A Polarographic Analyzer/Srip-
ping Voltammeter using 1.0X10! M TEAP as supporting
electrolyte. The voltammograms were recorded with X-Y re-
corder (Houston Series X-Y recorder).

The working electrode used for voltammetry was EG &
G PARC Model 303A SMDE (static mercury drop electrode)
system. The auxilary electrode was platinium wire. The re-
ference electrode with glass frit tip was Ag/Ag® (01 M
AgNO; in AN] electrode. Then nonaqueous internal filling
solution was 0.1 M AgNO; AN solution obtaining from EG
& G PAR Co. All test solution were throughly degassed with
nitrogen gas saturated wih acetonitrile and a continuous
stream of nitrogen gas was passed over the solution while
measurement were being taken.

Results and Discussion
Polarographic and Voltammetric Behavior of Nick-

el Complexes. The Figure 2 shows typical DC polaro-
grams and differential pulse polarograms of nickel(I} ion
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Figure 2. DC and differential pulse polarograms of 1.0xX1073
M NickeldI) and Nickel{(II) complex with DA15C5 in 1.0X 10!
M TEAP-AN solution at 25C. Curve (I) is DC polarographic resi-
dual current.

Table 1. Differential Pulse Polarographic Potentials (E,) and
Peak Currents (f,) of 1.0X10~° M Nickel(I) and Nickel(I) Com-
plexes in 1.0X107* M TEAP-AN Solution at 25C

Compounds E, (volts vs Ag/Ag* i
(01 M AgNQ; in AND]) (mA)

Nidl) -0.50 0.68
Ni(II)-DA15CS -0.85 0.93
Ni(ID)-DA18C6 -0.77 0.90

and its complex with DA15C5 in a AN solution contain-
ing 1.0X10°' M tetraethyl-ammonuim perchlorate (TEAP),
Nickel(I) ion and nickel(Il} complex exhibited one well-de-
fined wave.

The differential pulse polarographic peak potentials (E,)
and peak currents (5;) of each compound are given in Table
1. The peak currents for each complex is linearly varied
at the concentraction range of 25X107* M-1.0X107% M.

Also, the typical cyclic voltammograms of two each com-
plexes in acetonitrile solution at HMDE are shown in Figure
3. The cyclic voltammetric data at different scan rate ()
for each complex are given in Table 2. The plot of peak
current (5,) verses the square root of scan rate (v'?) is linear
for each complex. These results indicate that the waves are
diffusion controlled.

For an irreversible system, peak potential (E,) is shifted
to a negative direction according to increase in scan rate
(for a reduction process). Thus the plot of peak potential
(E,) versus log (v) is linear. We can obtain the transfer coef-
ficients (a) from slope of plots. The transfer coefficients (a)
determined from a slopes of these plots are given in Table
3%, In general, deviation of transfer coefficient (o) from unity
is indicative of reversibility. Thus, the result of Table 3 indi-
cate that each reduction step is irreversible.

Polarographic Determination of Stability Consta-
nts. The mole ratio of complex between Ni** and DA15C5
and DA18C6 are 1-to-1 in acetonitrile solution'. In the pola-
rographic study the significant quantity for the stability of
the complex is the half-wave potential difference of the com-
plex and the free metal ion. The half-wave potentials of the
polarographic wave of the complex are shifted to more nega-
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Figure 3. Cyclic voltammograms of 1.0X10~? M Nickel{II) com-
plexes in 1.0x10~! M TEAP-AN solution on HMDE at 25T,
scan rate 200 mV/sec.

Table 2. Cyclic Voltammetric Data of 1.0X 10" M Nikel(II) Co-
mplexs in 10X107' M TEAP-AN Solution at 25C and
HMDE

Scan rates Ni(ll}-DA15C5 Ni{ID-DA18C6
mV/se)  _B V) i WA B mV) i, (A)
100 852 382 750 345
200 872 554 780 460
500 917 863 835 715
1,000 942 1,171 900 964

Table 3. Transfer Coefficients (@) of Nickel(Il} Complexs at 25¢C
and HMDE

Compounds Transfer coefficients ()
Ni(II)-DA15CS 0.16
Ni(II)-DA18C6 0.10

tive potentials when the concentration of the ligand in solu-
tion is increased'. Particularly, in view of the irreversible
process for the reduction step, the stability constant. Ky
can be obtained from following equation.

AE = —RT/(n,af)n(l1+ Ky [L])

The values of logarithm of stability constant, log Ky are
4.89 for DA15C5 and 3.86 for DA18C6 in 0.1 M tetraethylam-
monium perchlorate-acetonitrile solution, respectively. In
acetonitrile solution nickel complexes of DA15C5 and DA18C6
have considerably higher stability than in protic soivent'®!®,
This result is termed effect due to solvation®. Thus, tigands
exist as a protonated form in protonic solvent. Also, compa-
ring to stability of Ni(I)-DA15C5 complex is higher than
those of Ni(II)-DA18C6 complex. This result can be evaluted
from the relationship between ring of ligand and radius of
metal ion?.

Change of Reduction Peak Potential of Complex
by Adding Acid. To gain insight into the reduction me-
chanism of each complex, the change of reduction peak po-
tential of complex by adding acid was examined. The change
of reduction peak potential of differential pulse polarogram
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Figure 4. The change of reduction peak potential of 1.0X1073
M Ni(I-DAI5C5 complex in 1.0x10~! M TEAP-AN solution
by adding 1.0X10~°* M HCIO, at 25¢. Amount of 1.0X107* M
HCIO, added; I=005, II=0.1, II=0.15 (md) respectivery, Initial
volume of AN solution: 5 mi.

of Ni(II)-DA15CS complex by adding acid is showm in Figure
4. Then, 1.0X107% M HCIO, ageous solution was used as
the adding acid. The peak potential of the differential pulse
polarographic wave of the Ni(II}-DA1ISC5 complex is shifted
to more positive potential when amounts adding acid in 5
mJ AN Solution are increased. This result is due to the in-
crease of of concentration of protonated ligand with the in-
crease of amounts of adding acid. Thus, electrochemical re-
duction mechanism of Ni(Il}-macrocyclic diaza-crown comple-
xes in acetonitrile solution is estimated as follows?,

[NiLJ?* +2e+Hg"SNi(Hg) + L
me ]| [ b
[Ni(HL)I** HL
Conclusion

Based on the electrochemical experimental results for Ni
(ID)-macrocyclic diaza-crown complexes in acetonitrile solu-
tion, reduction steps are diffusion controlled and irreversible.
Formation constants of complexes were 10°® and 10°%, re-
spectively. Nickel(Il) ion was found to form complexes of
1-to-1 composition with DA15C5 and DA1BC6.
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