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A series of tetradentate Schiff base ligands; [1,2-bis(naphthylideneimino)ethane, 1,3-bis(naphthylideneimino)propane,
1,4-bis(naphthylideneimino)butane, and 1,5-bis(naphthylideneimino)pentane] and their Ni(I) complexes have been syn-
thesized. The properties of these ligands and their Ni(II) complexes have been characterized by elemental analysis,
IR, NMR, UV-vis spectra, molar conductance, and thermogravimetric analysis. The mole ratio of Schiff base to Ni(II)
metal was found to be 1:1. The electrochemical redox process of the ligands and their Ni(II) complexes in DMF
and DMSO solution containing 0.1 M tetraethyl ammonium perchlorate (TEAP) as a supporting electrolyte have been
investigated by cyclic voltammetry, chronoamperometry, differential pulse voltammetry, and controlled potential coulo-
metry at glassy carbon electrode. The redox process of the ligands was highly irreversible, whereas redox process
of Ni(II) complexes were observed as one electron transfer process in quasi-reversible and diffusion-controlled reaction.
The electrochemical redox potentials of the Ni(Il) complexes were affected by the chelate ring size of ligands. The
diffusion coefficients of Ni(I) complexes containing 0.1 M TEAP in DMSO solution were determined to be 5.7-6.9X107°
cm?/sec. Also the exchange rate constants were determined to be 1.8-9.5X1072 cm/sec. These values were affected
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by the chelate ring size of ligands.

Introduction

Several model metal complexes containing Porphyrin and
Schiff base ligands have been synthesized and studied for
their dioxygen uptake'™* and oxidative catalysis.>~ Also
complexes of transition metal(Il) involving derivatives of sali-
cylaldehyde and aliphatic amines have gotten considerable
attention because of their similarity to the biological dioxy-
gen carriers, as well as their potential as catalysts for the
insertion of oxygen into organic substrates.?' Flexibility
of the ethylenediamine backbone in 1,2-bis(salicylideneimino)
ethane, as observed in a number of transition-metal comple-
xes with bidentate oxygen ligands, is responsible for its com-
plexes to mimic the biological activity of proteins. The Schiff
bases used in metal complexes are generally tetradentate
ligands, but some are tridentate or pentadentate ligands. The
tetradentate Schiff base ligands enforce a high degree of
planarity to the metal chelates. Therefore, Co(Il) and Ni(II)

- complexes employing tetradentate Schiff base 2N20 donor
ligands which coordinate through donor atoms have been
extensively studied as oxygen-carriers?~%

In this study, we synthesized the Ni(II) complexes of new
tetradentate Schiff base derived from 2-hydroxy-1-naphthal-
dehyde with aliphatic diamines. These ligands and their Ni
(II) complexes were characterized by elemental analysis, IR,
UV-vis spectra, molar conductance, NMR, and thermogravi-
metric analysis. The electrochemical redox process of the
ligands and their Ni(Il) complexes in N,N-dimethylforma-
mide (DMF) and dimethyl sulfoxide (DMSO) solutions con-
taining 0.1 M tetraethyl ammonium perchlorate (TEAP) as
a supporting electrolyte was investigated by cyclic voltamme-
try, chronoamperometry, differential pulse voltammetry, and

controlled potential coulometry with glassy carbon electrode.

From the electrochemical data, we report the effect of chelate
ring size of Ni(Il) complexes.

Experimental

Materials. Nickel(Il) acetate tetrahydrate, sodium hyd-
roxide, ethanol, 2-hydroxy-l-naphthaldehyde, ethylenedia-
mine, 1,3-diaminopropane, 1,4-diaminobutane, and 1,5-diami-
nopentane were obtained from Aldrich Chemical Co. and
used without further purification. DMF and DMSO. were
dried by standard procedures® before use. TEAP was recry-
stallized twice from distilled water and dried at 70 C under
vacuum.

Preparation of ligands. Typical procedures for ligand
synthesis are as follows. A solution of 0.1 mole ethylenedia-
mine in 50 mL ethanol was slowly added to 0.2 mole (34.40
g) of 2-hydroxy-1-naphthaldehyde in 50 mL ethanol under
the nitrogen atmosphere. After 2 hrs at room temperature,
the precipitates were collected by filtration. The products
were recrystallized from ethanol and dried under the redu-
ced pressure at 60 C.

1,2-bis(naphthylideneimino)ethane; H;NAPET. 97
% yield; mp 215-217 C; Anal. Caled for CpsHN,O,: C, 78.24;
H, 547; N, 7.60; Found: C, 78.13; H, 5.55; N, 7.73; IR (KBr
pellet, cm™): 3420 (O-H), 3057 (C-H), 2932 (C-H), 1642
(C=N), 1452 (C=C), 1254 (C-0); UV-vis (DMF, Apu, €X10*
cm™IM™Y): 272 (1.86), 308 (1.99), 404 (1.15), 424 (1.14); 'H
NMR (DMSO-ds, 8): 3.36-2.04 (4H, C.H,), 7.80-6.73 (12H,
ArH), 8.14 (2H, CH=N), 9.20 (2H, HOC,,Hy).

1,3-bis(naphthylideneimino)propane; H:NAPPR.
97% vield; mp 225-227 C; Anal. Caled for CxsHzN2O,: C,
7851; H, 5.80; N, 7.32; Found: C, 78.50; H, 594; N, 743;
IR (KBr peliet, cm™1): 3408 (O-H), 3051 (C-H), 2931 (C-H),
1634 (C=N), 1462 (C=C), 1210 (C-0); UV-vis (DMF, A,
(€X10* cm™M™Y): 272 (1.57), 308 (1.83), 404 (1.40), 424 (1.
50); 'H NMR (DMSO-d¢, 8): 3.32-2.00 (6H, C;He), 7.79-6.83
(12H, ArH), 8.14 (2H, CH=N), 9.20 (2H, HOC,,Hy).

1,4-bis(naphthylideneimino)butane; H,NAPBU. 98
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% yield; mp 234-236 C; Anal. Calcd for C;sHyuN;O,: C, 78.76;
H, 6.10; N, 7.07; Found: C, 7858; H, 6.28; N, 7.28; IR (KBr
pellet, cm™%): 3466 (O-H), 3062 (C-H), 2935 (C-H), 1631
(C=N), 1442 (C=C), 1259 (C-0); UV-vis (DMF, A, £X10*
em™IMTY): 272 (2.06), 308 (2.36), 402 (1.88), 422 (1.93); ‘H
NMR (DMSO-ds, 8): 3.34-2.00 (8H, C,Hs), 7.75-6.68 (12H,
ArH), 812 (2H, CH=N), 9.14 (2H, HOC;cHp).
1,5-bis(naphthylideneimino)pentane; H,NAPPE. 95
% yield; mp 265-267 C; Anal. Calcd for Cx»HyN20,: C, 80.00;
H, 6.38; N, 6.82; Found: C, 79.40; H, 649; N, 7.17; IR (KBr
pellet, cm™): 3438 (O-H), 3053 (C-H), 2929 (C-H), 1634
(C=N), 1463 (C=C), 1260 (C-0); UV-vis (DMF, Az, (€X10*
cm™IM™Y): 272 (2.10), 306 (2.40), 402 (1.98), 422 (2.03); 'H
NMR (DMSO-ds, 8): 3.34-2.00 (10H, CsHyo), 7.75-6.68 (12H,
ArH), 8.12 (2H, CH=N), 9.16 (2H, HOC,oHg).
Preparation of Ni(Ill) complexes. Ni(Il) complexes
were prepared by the addition of 0.01 mole of ligands and
0.02 mole NaOH in hot ethanol (100 mL) to the same volume
of 0.01 mole (2.0 g) nickel(I) acetate tetrahydrate in water
(50 mL) under the nitrogen atmosphere, respectively. After
2hrs stirring, the precipitates were obtained. The products
obtained were then recrystallized from ethanol and dried
at 80 C under the reduced pressure.
N,N-ethylenebis(naphthaldiiminato) nickel(Il); [Ni
(IINAPET)]. 84% yield; mp 295-297 T; Anal. Caled for
C.HisN-O:Ni: C, 67.83; H, 4.24: N, 6.59; Ni, 13.8; Found:
C, 67.84; H, 4.23; N, 6.57; Ni, 13.78; IR (KBr pellet, cm™%):
3047 (C-H), 2932 (C-H), 1622 (C=N), 1453 (C=C), 1253 (C-
0), 744 (Ni-N), 474 (Ni-0); UV-vis (DMF, Az, (€X10* cm™!
M~Y)): 316 (1.37), 425 (0.64); Molar conductance (DMF, A,
ohm™! cm™? mol™Y): 1.62; *H NMR (DMSO-ds, 8): 7.80-6.73
(12H, ArH), 3.36-2.04 (4H, C.H,), 836 (2H, CH=N); TGA
(weight loss, %): 0.91 at 90-253 T, 27.01 at 253-386 T, 56.82
at 386-665 T, 15.27 at 665 C~.
N,N-propylenebis(naphthaldiiminato) nickel(Il); [Ni
(II{NAPPR)]. 89% yield; mp 305-307 C; Anal. Calcd for
CosHoN:O.Ni: C, 68.40; H, 4.56; N, 6.38; Ni, 13.37; Found:
C, 68.38; H, 4.58; N, 6.35; Ni, 13.39. IR (KBr pellet, cm™):
3058 (C-H), 2930 (C-H), 1615 (C=N), 1458 (C=C), 1194 (C-
0), 748 (Ni-N), 475 (Ni-O); UV-vis (DMF, Ay, (€X10* cm™?
M~): 316 (0.45), 422 (0.18); Molar conductance (DMF, A,
ohm™! cm~2 mol™Y): 1.49; 'H NMR (DMSO-ds, 8): 7.79-6.83
(12H, ArH) 3.32-2.00 (6H, CsHe), 836 (2H, CH=N); TGA
(weight loss, %): 0.88 at 90-217 T, 26.04 at 217-423 T, 49.05
at 423-596 C, 24.03 at 596 T~.
N,N-butylenebis(naphthaldiiminato) nickel(II); [Ni
(II(NAPBU)]. 86% yield; mp 344-346 C; Anal. Calcd for
CsHxNOoNi: C, 68.94; H, 4.86; N, 6.18; Ni, 12.96; Found:
C, 68.92; H, 4.88; N, 6.15; Ni, 12.98; IR (KBr pellet, cm™):
3054 (C-H), 2937 (C-H), 1621 (C=N), 1439 (C=C), 1195 (C-
0), 749 (Ni-N), 462 (Ni-O); UV-vis (DMF, Ay, (€X10* cm™!
M~1)): 308 (0.77), 422 (0.58); Molar conductance (DMF, A,
ohm™! cm™? mol™Y):; 1.31; 'H NMR (DMSO-ds, §): 7.75-6.68
(12H, ArH), 3.34-2.00 (8H, C,Hy), 834 (2H, CH=N); TGA
(weight loss, %): 0.93 at 90-187 T, 24.64 at 187-394 T, 51.27
at 394-573 €, 23.16 at 573 CT~.
N,N-pentylenebis(naphthaldiiminato) nickel(Il); [Ni
(I)(NAPPE)]. 90% vyield; mp 283-285 ; Anal. Calcd for
CxHuN,O:Ni: C, 69.44; H, 5.14; N, 6.00; Ni, 12.57; Found:
C, 6941; H, 5.13; N, 598; Ni, 12.59; IR (KBr pellet, cm™Y):
3056 (C-H), 2931 (C-H), 1613 (C=N), 1438 (C=(), 1194 (C-
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0), 746 (Ni-N), 464 (Ni-O); UV-vis (DMF, Aua, (€X10* cm™!
M~Y): 315 (1.63), 418 (0.55); Molar conductance (DMF, A,
ohm™ cm™2 mol™Y): 1.93; 'H NMR (DMSO-d,, 8): 7.75-6.68
(12H, ArH), 3.34-2.00 (10H, CsH,o), 8.34 (2H, CH=N); TGA
(weight loss, %): 0.89 at 90-214 €, 24.46 at 214-406 C, 50.43
at 406-587 T, 24.22 at 587 CT~.

Physical Measurements. Melting points were measu-
red by a Mel-Temp apparatus. The elemental analysis (car-
bon, hydrogen, and nitrogen) was performed on a Foss Her-
aeus CHN Rapid (Analysentechnik GmbH) Elemental Analy-
zer and the nickel content was determined by a Perkin-El-
mer model 603 atomic absorption (AA) spectrometer. 'H
NMR spectra in DMSO-ds were recorded by a Bruker AMX-
300 spectrometer. Chemical shifts are reported as & values
in ppm relative to an internal standard tetramethylsilane.
Infrared and UV-vis spectra were recorded on Perkin-Elmer
Model 1620 FT-IR and Hewlett Packard 8452A Diode Array
spectrophotometer. Thermogravimetric analysis was carried
out using a Perkin-Elmer model 2 series thermogravimetric
analyzer (TGA) under N, gas atmosphere. The molar condu-
ctance was measured in DMF solution at 25 C by DKK mo-
del AO-6 Digital conductometer.

Electrochemistry. Electrochemical measurements of
free base ligands and their Ni(Il)' complexes were carried
out by cyclic voltammetry, chronoamperometry, controlled
potential coulometry, and differential pulse voltammetry in
DMF and DMSO solutions containing 0.1 M TEAP as a sup-
porting electrolyte. Single electrochemical compartment cell -
in which a glassy carbon (0.071 cm?), a platinum wire coun-
ter, and a Ag/AgCl reference electrode were housed, was
used for electrochemical measurement. A glassy carbon elec-
trode was polished to become a mirror-image with 1 pm
alumina powder, subsequently cleaned in an ultrasonic clea-
ning bath for the removal of solid particles, and finally rinsed
several times with doubly distilled deionized water before
use. All electrochemical measurements were conducted un-
der the nitrogen gas atmosphere. A Princeton Applied Re-
search 273 potentiostat/galvanostat interfaced by 486 DX2
microcomputer through an IEEE-488 bus was used for elec-
trochemical experiments.

Results and Discussion

Tetradentate Schiff base nickel(Il) complexes have been
synthesized and characterized by UV-vis, IR, TGA, NMR,
AA, and elemental analysis. The nickel(II) complexes emplo-
ying Schiff base ligands with the 2N20 donor sets were for-
med by the reaction of 2-hydroxy-1-naphthaldehyde and var-
ious linear diamines which differ in the number of carbon
atoms. Elemental analysis and spectral data show the forma-
tion of the tetradentate Schiff base ligand. The results of
elemental analysis of the Schiff base ligand and their Ni(II)
complexes agree well with the composition of the proposed
complexes and support the fact that the mole ratio of Schiff
base ligand to the Ni(II) metal is 1:1 as shown in Figure
1. All complexes are highly soluble in DMF, DMSO, and .
pyridine but insoluble in water. The conductivity data in
1 mM DMF solution indicate that the Ni(II) complexes are
nonionic compounds.

'H NMR spectra. The tetradentate Schiff base ligands
of 2N20 donor sets possess two phenolic groups and azome-
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Figure 1. The proposed structure of Ni(Il) complexes.

thine groups. 'H NMR spectra of Schiff base ligands in

DMSO-d¢ show the aromatic protons as multiplet in the ra-
nge of 6.68-7.80 ppm and O-H protons of the two phenolic
groups in the range of 9.14-9.20 ppm. The azomethine pro-
tons in free ligands appear at 8.12-8.14 ppm. But 'H NMR
spectra of the azomethine protons in Ni{Il) complexes are
shifted to the down field about 8.24-8.32 ppm in the corres-
ponding free ligands and the phenolic O-H proton disappears.
These observations suggest that the dianionic tetradentate
Schiff base ligands coordinate to the Ni(II) atom through
the charged phenolic oxygen atoms and nitrogen atoms of
azomethine groups.

Infrared and UV-vis spectra. All of the IR spectra
of Ni(II) complexes show typical bands of Schiff-base, with
strong peaks assigned to v(C=N) in the 1610-1642 cm™!
region.”” We can see that, v(C=N) bands in the complexes
are shifted about 15-20 cm™' to the lower energy regions
in the corresponding free ligands. These phenomena appear
due to the coordination of the azomethine nitrogens to the
metal ion.2%% According to Ueno and Martell, " characteri-
stic absorption bands for M(II)-N and M(I)-O bonds in com-
plexes appear in the spectral region of 650-850 cm™! and
400-600 cm™?, respectively. In our study, two absorption ba-
nds at 740-750 cm™! and 420-470 cm™! are allotted to be
Ni(ID-N and Ni(II)-O bands. Also, broad v(OH) band of the
free ligands about 3400 cm™! disappears on complexes.
These results are ‘in accordance with the assignments for
the Ni(II) complex of the salicylideneimine ligands reported
previously.”® The UV-vis spectra of the Ni(I) complexes ob-
tained in DMF solution show a n-n* ligand field absorption
band at 308-316 nm and a d-n* charge transfer band at 418-
425 nm3%%

Thermogravimetric analysis. An interesting observa-
tion in the TGA experiment of the complexes is that weight
loss is a three step process. All Ni(Il) complexes show the
TGA curve decreasing in weight at 200-225 C and subseque-
ntly decomposing. Thermal gravimetric analysis data support
that the Ni(Il) complexes do not contain the water molecules.

Electrochemical studies. The electrochemical beha-
viors of tetradentate Schiff base ligands and their Ni(II) com-
plexes in DMSO and DMF solutions were investigated by
cyclic voltammetry, chronoamperometry, differential pulse
voltammetry, and controlled potential coulometry with a gla-
ssy carbon electrode. A knowledge of electrochemical redox
processes of the free ligand is important in properly assig-
ning the electron transfer processes of the Ni(I) complexes
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Figure 2. Cyclic voltammograms of 1 mM H,NAPPR containing

0.1 M TEAP as a supporting electrolyte in DMSO solution. Scan

rates were a) 50, b) 100, c) 200, and d) 300 mV/sec, respectively.
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Figure 3. Cyclic voltammograms of 1 mM [Ni(II)(NAPPR)] con-

taining 0.1 M TEAP as a supporting electrolyte in DMSO solu-

tion. Scan rates were a) 50, b) 100, ¢) 200, and d) 300 mV/sec,

respectively.

with Schiff base ligands. Therefore, we investigated the elec-
trochemical processes of the free ligands. Figure 2 shows
typical cyclic voltammograms of 1 mM H,NAPPR free ligand
in DMSO solution according to the scan rates. As shown
in Figure 2, the cathodic peak currents were increased and
the cathodic peak potentials shifted to more negative direc-
tion with the increase of the scan rate. The redox processes
of ligands are highly irreversible.

Figure 3 shows the cyclic voltammograms of 1 mM [Ni(II)
(NAPPR)] complex in DMSO solution. In the Figure 3, the
cathodic reduction peak at —1.458—~—1466 V is coupled
to an oxidation peak at —1.391~—1.395 V corresponding
to the Ni(II)/Ni(I) redox process. There Ni(II) complexes are
reduced at much more positive potential than that of the
cathodic peak for the free base ligand shown in Figure 2.
Therefore, the cyclic voltammetry was carried out according
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Table 1. Cyclic voltammetric data of 1 mM Ni(I) complexes in DMF solution

Byeong-Goo Jeong et al.

scan rate E, E, AE, Ey Tp/ V2
Complexes BpalTpe —_—
(V/s) =V -V =V (=V) (PASYEV 1)
[Ni(ID(NAPET)] 0.05 1.604 1.543 0.061 1573 0.99 36.85
0.1 1.605 1.542 0.063 1.574 0.96 36.24
0.2 1.607 1.540 0.067 1.573 0.96 35.37
: 0.3 1.609 1.538 0.071 1574 0.98 36.41
[NiID(NAPPR)] 0.05 1419 1.358 0.061 1.389 1.01 38.32
0.1 1.420 1.356 0.064 1.388 0.98 38.74
0.2 1.422 1.354 0.068 1.388 1.00 38.35
0.3 1424 1.352 0.072 1.388 0.99 38.27
[Ni(II(NAPBU)] 0.05 1.360 1.297 0.063 1.329 0.88 33.38
0.1 1.362 1.294 0.068 1.328 0.86 33.87
0.2 1.364 1.291 0.073 1.328 0.87 34.14
0.3 1.366 1.288 0.078 1.327 0.88 33.37
[Ni(IIXNAPPE}] 0.05 1.357 1.292 0.065 1.325 0.73 29.78
0.1 1.361 1.290 0.071 1.326 . 0.72 29.79
0.2 1.364 1.288 0.076 1.326 0.75 29.67
0.3 1.367 1.286 0.081 1.327 0.74 29.72

Table 2. Cyclic voltammetric data of 1 mM Ni(Il) complexes in DMSO solution

scan rate E, E; AE, Ep Tpe/ VI
Complexes Tpaltpe N —
(V/s) =V =V =V =V (bAS'V12)
[Ni(IN){NAPET)] 0.05 1.638 1.580 0.060 1.610 0.94 26.25
0.1 . 1640 1.578 0.062 1.610 0.98 26.49
0.2 1.642 1.577 0.065 1.610 0.91 26.30
0.3 1.644 1.575 0.069 1.610 091 26.13
[Ni(II)(NAPPR)] 0.05 1.458 1.395 0.063 1427 0.99 28.37
0.1 1.460 1.394 0.066 1427 1.00 28.75
0.2 1.463 1.393 0.070 1428 0.99 27.93
03 1.466 1.391 0.075 1427 0.97 28.88
[Ni(INAPBU}] 0.05 1.384 1.319 0.065 1.352 0.85 20.56
0.1 1.386 1318 0.068 1.352 0.84 21.30
0.2 1.389 1.316 0.073 1.352 0.83 21.06
0.3 1.391 1.314 0.077 1.353 0.85 20.92
. [Ni(IH(NAPPE)] 0.05 1.386 1.320 0.066 1.353 0.84 20.93
0.1 1.389 1.319 0.070 1.354 0.87 19.98
0.2 1.392 1.317 0.075 1.355 0.83 20.90
0.3 1.395 1315 0.080 1355 0.85 20.19

to the scan rates at —0.8~—22 V potential range. A sum-
mary of the redox processes measured for the Ni(Il) comple-
xes in DMSO and DMF solutions is listed in Table 1 and
2. As can be seen in Table 1 and 2, reduction and oxidation
peaks are observed at —1.64~—140 and —159~—-132 V
vs. SCE, respectively.

The number of electrons transferred in the electrode reac-
tion for a reversible couple can be determined from the se-
paration between the peak potentials,

AEi’:E[m _Epc=0.0591/n (1)

where E,, Ej, and n are anodic peak potential, cathodic
peak potential, and the number of electrons transferred, res-

pectively. Thus one-electron process exhibits a AE, of appro-
ximately 0.059 V. At slower scan rate, the peak separation,
AE,, for the cathodic and anodic cyclic voltammetric peak
potentials is very close to 60 mV, indicating that the number
of electrons transferred should be 1.0. The peak separation,
AE,, for the [Ni(ID(INAPPE)] complex with long chelate ring
size is larger than that of the [Ni(I(NAPET)] complex with
the short chelate ring size. These results show that the elec-
trochemical redox processes of Ni(Il) complexes with long
chelate ring size are quasi-reversible charge transfer.? Also
the reduction potential for the [Ni(IDINAPET)] complex
shows more negative value than that of the [Ni(I[}(NAPPE)]
complex. This indicates that the reduction of the Ni(Il) com-
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Figure 4. Plots of i, vs. v for a) [NiID(NAPET)] and b) [Ni
(ID(NAPPR)] complexes in DMSO solution containing 0.1 M
TEAP as a supporting electrolyte.

Table 3. The kinetic parameters of Ni(Il) complexes

Complexes °E, ) D, %,

[Ni(IDXNAPET)] —180 10 +004 57X107% 95X1072
[Ni(I[)(NAPPR)] ~160 097+005 62X107° 87X107?
[NiID(NAPBU)] —154 095+0.04 59X107° 3.6X1072
[Ni(ID(NAPPE)] —154 0.98£0.03 69X107¢ 1.8X107?

sReduction potential for the controlled potential coulometry. .

*Number of electrons per molecule obtained by controlled poten-
tial coulometry. ¢Diffusion coefficients obtained by chronoampe-
rometric data, cm?/sec. Exchange rate constants obtained by
cyclic voltammetric data, cm/sec.

plexes with the short chelate ring size is more difficult than
that of the long chelate ring size. Therefore, we concluded
that reduction potentials of the Ni(Il) complexes are affected
by chelate ring size of ligands and [Ni(IN(NAPET)] complex
is the most stable. Also, the ratio’ of the anodic to cathodic
peak current approaches to 1 according to the decrease in
the chelate ring size. These phenomena appear to have the
same results in DMF and DMSO solvent as shown in Table
1 and 2. From the results, the suggested mechanism for
electrochemical redox processes of Ni(Il) complexes corres-
ponds to the following reaction

[Ni(D(L)]+e~ == [Ni(I}L)] (L is ligands)

Figure 4 shows plots of peak current vs. (scan rate)? from
cyclic voltammetric results of [Ni(I(NAPET)] and [Ni(Il)
(NAPPR)] complexes in DMSO solution at glassy carbon
electrode. These plots show a good linear relationship indi-
cating that the process is diffusion-controlled and the adsor-
ption of the Ni(Il) complexes on the electrode surface is
not involved.® To establish whether the number of electrons
transferred is close to 1.0, we carried out controlled potential
coulometry in DMSO solution at glassy carbon electrode. A
summary of the number of electron is listed in Table 3.
As can be seen in Table 3, controlled potential reduction
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Figure 6. Chronoamperometric curves at the glassy carbon elec-

trode for 1 mM [Ni(I)(NAPPR)] complex in DMSO solution.

at a potential corresponding to the reduction peak of the
cyclic voltammograms is reduced in one electron step to
what is assumed to be Ni(I) species. The low values of n
for some of the complexes are due to their slow reaction
with traces of H;O or impurities in the solvent during the
course of the coulometric determination. However the values
of number of electron obtained from controlled potential cou-
lometry are consistent with the values observed from cyclic
voltammetry.

In order to confirm in details, and to further show that
the number of electrons transferred is close to 1.0, we car-
ried out differential pulse voltammetry. Figure 5 shows the
differential pulse voltammograms of Ni(Il) complexes in
DMSO solution containing 0.1 M TEAP as a supporting elec-
trolyte. For reversible charge-transfer processes, the limiting
peak width at half-height (W) is given by Eq. )%

Wy,=352RT/nF=904 mV/n (T=25 T) 2)

The values of Wy, observed for Ni(I) complexes are obser-
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Figure 7. Cottrell plot for chronoamperometric result shown
in Figure 6.

ved to be 92-100 mV, consistent with one electron transfer
processes that occur with moderate rates of heterogeneous
charge transfer.

We also carried out chronoamperometric experiments for
the Ni(II) complexes in DMSO solution in order to estimate
the diffusion coefficient. Figure 6 shows chronoamperometric
result of 1 mM [Ni(IDNAPPR)] complex in DMSO solution
containing 0.1 M TEAP. Figure 7 shows the result plotted
according to Cottrell equation.®® Cottrell equation predicts
that the plot of i(f) vs. £*Y2 should be linear with a slope
of nFAD,">C*/n"2, The values of diffusion coefficient calcula-
ted from these plots are listed in Table 3. As can be seen
in Table 3, diffusion coefficients are determined to be 5.7-
6.9X107% cm?/sec. Finally, one can also estimate the excha-
nge rate constant for a quasireversible electrochemical reac-
tion from the variations of a peak separation, AE,, upon cha-
nging scan rates. Nicholson® has ¥-values for various AE,-
values; the empirical parameter, ¥, obtained from the AE,,
is now related to the exchange rate constant k° by an equa-
tion,

—_ K

¥="taD) ®
where \(=(D0/DRJ)1/2 and a=nFv/(RT) with v=scan rate and
subscripts denoting oxidant (O) or reductant (R). Assuming
that y is approximately 1, the exchange rate constant can
be calculated from the slope of ¥ vs. v'2 plot according to
equation (3). The values of exchange rate constant obtained
from these slopes -are listed in Table 3. As can be seen
in Table 3, the exchange rate constants are determined to
be 1.8-9.5X 1072 cm/sec. These values are affected by chelate
ring size of ligands.

Conclusions

The Ni(Il) complexes of tetradentate Schiff base ligands
derived from 2-hydroxy-1-naphthaldehyde and aliphatic dia-
mine have been synthesized. All Ni(I) complexes have been
identified as monomeric four-coordinated non-ionic compou-
nds by the results of elemental analysis, IR, UV-visible spec-
tra, molar conductivity, and thermogravimetric analysis. The

Byeong-Goo Jeong et al.

mole ratio of Schiff base to the Ni(Il) complexes was found
to be 1: 1. The redox process of the free ligands is irreversi-
ble reaction, whereas the redox process of the Ni(II) comple-
xes is quasi-reversible in DMSO and DMF solutions contai-
ning 0.1 M TEAP as a supporting electrolyte. The reduction
of Ni(Il) complexes with the short chelate ring size is occur-
red to be more negative potential than that of complexes
with long chelate ring size. These results indicate that the
reduction potentials of the Ni(Il) complexes are affected by
chelate ring size of ligands. Futhermore, the redox processes
of Ni(Il) complexes by cyclic voltammetry, controlled poten-
tial coulometry, and differential pulse voltammetry were ob-
served as one electron charge transferred process and diffu-
sion-controlled reaction. From these results, we conclude that
the redox process of all Schiff base Ni(I) complexes used
in this study is the following reaction

INidD@L)] +e™ = [INi(D(L)] (L is ligands)

The diffusion coefficients of Ni(Il) complexes containing
0.1 M TEAP as a supporting electrolyte in DMSO solution
were determined to be 5.7-6.9X107% cm?/sec. Also the ex-
change rate constants were determined to be 1.8-9.5X1072
cm/sec. These values were affected by chelate ring size of
ligands.
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Hydrodediazoniation product (3a-d) was found to be the major product in the reaction of arenediazonium tetrafluorobo-
rate (1a-d) with triethylamine (2) in methanol under nitrogen at room temperature. A quantitative study on the title
reaction was investigated in detail and two remarks were noteworthy. One was the linear increase in the yield of
3a-d by increasing the molar concentration of 2 until equimolar concentration was reached between la-d and 2.
The other was the suppression of the formation of 3a-d in the presence of oxygen. Based on these results, the
title reaction was better understood by 1:1 electron transfer reaction between reactants (la-d and 2) rather than
by radical chain mechanism proposed in the reaction of arenediazonium tetrafluoroborate and triphenylphosphine.

Introduction

Hydrodediazoniation of arenediazonium salt is chiefly
achieved by using various inorganic and organic reductants’
such as hypophosphorous acid,? hot ethanol,?® triphenylphos-
phine,* N,N-dimethylformamide,>® N-benzylpiperidine,” and
ferrocene® etc.. In spite of many dediazoniation methods,
there are problems in each method. For instances, a subst-
rate bearing electron-donating substituent in the para posi-
tion, -such as methoxy and methyl as in p-anisidine and p-
toluidine does not give the expected arene but tarry mate-
rials.® On the other hand, some inorganic reductants are not
effective in organic solvent® Herein, we report that triethyl-
amine, a common and cheap compound, is an' efficient reduc-
tant in reaction with arenediazonium tetrafluoroborate under
nitrogen atmosphere to give corresponding arene. To the
best of our knowledge, this quantitative study on the reaction
of arenediazonium tetrafluoroborate with triethylamine is a
first report’ though derivatives of piperidine and pyrrolidine
are documented in the literature.’

Experimental

Synthesis of Diazonium Tetrafluoroborates. Nine
substrates (1a-d) were prepared according to the known pro-
cedure.’ The diazonium salt was dried overnight in a vac-
uum dessiccator. IR spectrum showed the complete removal
of water in the starting diazonium salt which was used direc-
tly for the reaction.

Quantitative Determination of Reaction Products
(Standard Procedure). For the nine subtrates employed
in this work, similar procedure was followed for the determi-
nation of the reaction products. The typical procedure in
the case of m-nitrobenzenediazonium tetrafluoroborate (1a.)
is as follows; In a two-necked round hottomed flask was
introduced a solution of methanol (10 mL) containing tride-
cane (20 mM) as an internal standard. To this solution was
added 1a, (1 mmol) and nitrogen was passed through the
solution for 10 min. After then appropriate amount of trieth-
ylamine (0.5-1.5 eq) in methanol (3 mL) kept in addition
funnel was run in dropwise. Immediately reaction took place



