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SYNTHESIS AND COMPLEXATION OFANEW 
SEVEN MEMBERED HETEROCYCLIC 

VZC-DIOXIME 

SEBNUR MEREY and OZER B E a R O e L U *  

Department of Chemistry, Technical UniversiQ of Instanbul, 80626, Maslak, Istanbul, 
Turkey 

(Received 22 January 1996) 

A new seven membered heterocyclic ligand, 2,3-bis (hydroxyimino)-l,4-bis (2'-hydroxybenzy1)- 1,4- 
diaza-cycloheptane, containing two phenolate-type pendant arms and two oxime groups, has been pre- 
pared. Mononuclear, tetranuclear, homo- and hetero- pentanuclear metal complexes of this ligand have 
been synthesized with Cu (II), Ni (II) and U (VI) 0,. The structures of the newly synthesized ligand and 
its complexes have been investigated. Protonation constants of the ligand and overall formation con- 
stants have been measured by potentiometric techniques. 

Keywords: vic-dioximea; heterocycles; complexation; cyclic voltammetry; protonation constants 

INTRODUCTION 

The coordination chemistry of vic-dioximates is an intensive area of study and 
numerous transition-metal complexes of these ligands have been investigated. '-* 
The successful design and synthesis of ligands capable of forming multinuclear 
complexes are of great interest for obtaining special magnetic, optical and electri- 
cal properties. For these purposes, the ligands need to carry multidonor groups to 
be able to bind more to than one metal ion simultaneously. 

In previous papers, we have shown that a quite useful approach to hetero-polynu- 
clear compounds is to carry out the complexation reaction in a stepwise fashion which 
requires coordination of ligands containing at least two different donor sites of compa- 
rable coordination ca~ability.~ 

*Author for correspondence. 
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178 S. MEREY et nl. 

Both E. E-dichloroglyoxime and cyanogen di-N-oxide have been used to prepare 
vic-dioxime  derivative^.^^ The addition reaction of either of these two reactants with 
diamino compounds gives acyclic, heterocyclic or macrocyclic dioximes. We have 
long had an interest in the chemical behaviour of complexes containing a planar MN, 
core structure and additional donor sites."' While phthalocyanines or vic-dioximes 
have formed the central co-ordination site, crown  ether^,^-^ monoazacrown ethers,'O 
cyclopentadienyl groups," tetrathiamacroc ycles" or tetraa~amacrocyles'~ have been 
used to bind alkali or transition metal ions. 

In the present paper, a new vic-dioxime ligand with two additional phenolic pendant 
arms has been synthesized with the aim of obtaining mono-, as well as, multinuclear 
complexes. 

EXPERIMENTAL 

Routine IR spectra were recorded on a Mattson 1000 FTIR spectrometer using 
KBr pellets and electronic spectra on a Varian DMS 90 spectrophotometer. 'H 
NMR spectra were recorded on a Bruker 200 MHz spectrometer. Mass spectra 
were recorded on a VG Zabspec GC-MS spectrometer with fast atom bombard- 
ment. DSC measurements were carried out with Rigaku 8230B calorimeter. The 
metal contents of the complexes were determined using a Perkin Elmer Zeemen 
3030 atomic absorption spectrophotometer with solutions prepared by decompos- 
ing the compounds in aqua regia and subsequent digestion in concentrated HCl. 

Cyclic voltammograms were performed using an analytical cyclic voltammetry 
instrument (EG and G PARC Model 273), controlled by an external computer. A three 
electrode system with a saturated calomel reference electrode and a platinum 
wire counter electrode was used. The working electrode was a platinum 
plate. Voltammograms were recorded on X-Y recorder (RE 009 1). Triplydistilled 
water and spectrosol grade DMSO, dried over 4A molecular sieves, were used in the 
voltammetric experiments. Tetrabutylammonium perchlorate (0.1 M) was the sup- 
porting electrolyte in DMSO. Solutions were purged with nitrogen prior 
to each voltammetric measurement. Coulometric measurements were carried out 
at constant potentials corresponding to the CV peak potentials of the species. 

Potentiometric titrations were carried out using a Metrohm E-415 dosimate and a 
Metrohm E-415 pH meter. AMetrohm 6.0204.000 combined glass electrode was used 
for pH and emf measurements. Ionic strength was kept constant at 0.1 M KCI. All 
titration solutions were prepared in a total volume of 20 cm3 and thermostated at 
25"C+O. 1°C. The following solutions were prepared to obtain the pH titration curves: 
solution A: HC1 (2.5 cm3, 0.1 M), KCI (10 cm3, 0.1 Mj, solution of H,L in ethanol 
(2.5 cm3, 0.01 Mj, ethanol (5.cm3); solutions B-D: HCl (2.5 cm3, 0.1 M), KCl 
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HETEROCYCLlC DIOXIMES 179 

(10 cm3, 0.1 M), solution of H,L in ethanol (2.5 cm3, 0.01 M), solution of metal salt 
in ethanol (2.5 cm3, 0.01 M), ethanol (2.5 cm'). The solutions were titrated with 0.1 
M NaOH. 

2, 6-Diaza- 1,7-bis(2'-hydro~yphenyl)heptane,~~~~ and E,E-dichloroglyoxime16 
were prepared according to reported procedures. 

1,3-Bis(hydroxyimirto)-1,4-bis(2 '-hydroxybenzyl)-l,4-diuza-cycloheptane (HJ) 

A solution of E,E-dichloroglyoxime (0.55 g, 3.5 mmol) in ethanol (45 cm3) was 
added dropwise to a solution of 2,6-diaza- 1,7-bis(2'-hydroxyphenyl) heptane 
(l.Og, 3.5 mmol) ixi dichloromethane (80 cm3) which also contained sodium 
hydrogen carbonate (1.47 g, 17.5 mmol) in excess at room temperature. After 
the reaction mixture was stirred at this for 4h, it was filtered. The filtrate was 
concentrated to ca 40 cm3 and white crystals of the product formed as the filtrate 
cooled. The precipitate was filtered off, washed with water and ethanol and then 
diethylether and dried under vacuum (P205). This compound is soluble in hot 
ethanol, acetone, tetrahydrofurane, dioxane, DMF and DMSO. Yield: 0.77 g 
(60 %); m.p. 188°C; h,,/nm (DMF) 276 (dm-' cm-' 2100). 

Mononuclear nickel(II) or copper(1I) complexes ( l a  or Zb) 

When a solution of NiC1,.6H20 (0.048 g, 0.21 mmol) or CuC4.2H20 (0.034 g, 0.2 mmol) 
in ethanol (12 cm3) was added to a solution H,L (0.15 g, 0.4 mmol) in hot ethanol 

f & o  I - H  

\ 

/ 
M 

- H  

Complex M 
l a  Ni" 
I b  CU" 

FIGURE 1 Mononuclear complexes la and lb .  
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180 S. MEREY et al. 

(25 cm') at 70°C, the colour of the solution became red and the pH dropped to 
2.51, 0.1M KOH solution in ethanol was used to raise the pH to about 4.7 when 
precipitation of complex started. The mixture was heated on a water-bath for an- 
other 2 h during which time the precipitation was completed. The yellow Ni(I1) or 
the pale green Cu(I1) complex was filtered off, washed with water and ethanol and 
then diethylether and dried in vacuum at room temp. The complexes are soluble in 
tetrahydrofurane, DMF and DMSO. 

la: Yield: 0.14 g (87%); &,,,,/nm (DMF): 275 and 381 (E /m-'cm-': 14530 and 
14550). lb: Yield: 0.14 (86%); A,,,,/nm (DMF): 277 and 302 (&/m-'cm-': 60700 
and 9700). 

Tetranuclear uranyl (VI) 0, complex (2) 

To a solution of H,L (0.1 g, 0.27 mmol) in hot ethanol (30 cm3) was added a 
solution of U02(Ac0)2.2H20 (0.229 g, 0.54 mmol) in ethanol (30 cm3) at 70°C. 
The colour of the solution turned red and the pH dropped to 4.4. When the pH was 
raised to 5.8 by addition of 0.1 M KOH solution in ethanol, precipitation of a 
reddish-orange complex started. The mixture was heated for two hours in order to 
complete precipitation. Product was filtered off, washed with ethanol and 
diethylether and dried. Yield: 0.22 g (88%;A,,,,/nm (DMF): 284 (dm-'cm-': 38920). 

Homopentanuclear copper(II) complex (3) 

To a solution of lb  (0.1 g, 0.125 mmol) in tetrahydrofuran (1 5 cm3) was added a solution 
of 1,lO-phenanthroline (0.049 g, 0.25 mmol) in tetrahydrofuran (7 cm3) and a solution of 

Q 0 

FTGURE 2 Tetranuclear U(VI)O, complex 2. 
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HETEROCYCLIC DIOXIMES 181 

Cu (N0,),.3H20 (0.090 g, 0.5 mmol) in tetrahydrofurane (5 cm3). The mixture was 
stirred and heated at reflux. After 5h, the volume of the reaction mixture was reduced 
to 10 cm3 on a rotary evaporator and diethylether was slowly added with continuous 
stirring to the precipitated complex. The precipitate was filtered off, washed with 
water, hot and cold tetrahydrofuran and diethylether and dried in vacuum (P20,). The 
brown-green complex is soluble in DMF and DMSO. Yield: 0.077 g (40%); L,/nrn 
(DMF): 277,302,380 and 482 (dm-'cm-I: 43100,39000, 14500 and 700). 

Heteropentanuclear nickel{II) and copper(II) complex (4) 

The dark green complex was synthesized in a similar manner to 3 by starting with la  
(0.079 g, 0.099 mmol), Cu(N0,),.3H20 (0.071 g, 0.396 mmol) and 1,lO-phenanthroline 
(0.039 g, 0.198 mmol). It is soluble in DMF and DMSO. Yield: 0.072 g (47%); 
L,,/nm (DMF): 275,380 and 460 (dm-'cm-140860,30900 and 5200). 

/-\ 

2x- 

Complex M M' x 
3 Cu" CUM NO3 
4 N i" Cu" NO3 
5 NiM U"02 AcO 

FIGURE 3 Pentanuclear complexes 3, 4 and 5. 
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182 S. MEREY et a1 

Heteropentanuclear nickel(ZZ) and uranyl(VZ)02 complex (5) 

la (0.1 g, 0.125 mmol) was dissolved in tetrahydrafuran (50 cm3) with heating and 
stirring. A solution of I ,  10-phenanthroline (0.049 g, 0.25 mmol) in tetrahydrofuran 
(20 cm3) and a solution of U02(Ac0)2.2H20 (0.212 g, 0.5 mmol) in tetrahydrofuran 
(5 cm3) was added to la. The mixture was heated on a water-bath for 10 min, when 
precipitation of the complex started. After heating for another hour, the complex had 
precipitated completely. The orange precipitate was filtered off, washed first with 
water, then with hot and cold tetrahydrofuran and diethylether and dried in vacuum 
(P205). Yield: 0.260 g (88 %); h,,,/nm (DMF): 277 and 380 (dm-'cm-' 40730 and 
20500). 

RESULTS AND DISCUSSION 

Anew vie-dioxime ligand, 2,3-bis(hydroxyimino) - 1,4-bis(2' - hydroxybenzyl) - 
1,4 diazacycloheptane, H,L, has been prepared by a one-step reaction of 
E, E dichloroglyoxime (DCGO) with 2,6-diaza- 1,7-bis(2'-hydroxyphenyl) heptane 
l4-IS(Scheme). Excess of NaHC03 was added to the reaction mixture in order 
to neutralize HCI formed. Since the order of relative reactivity for the groups in 
the reaction with DCGO has been given as NH > SH > OH, DCGO preferred to 
react with NH instead of OH functions; a 7-membered heterocycle formed as a 
consequence of 1 : 1 condensation of the two reactants. Physical data and elemental 
analyses for H,L and its metal derivatives are listed in Table I. 

TABLE I Analytical data" for H,L and its complexes 

Analysis ( % I  
Compound Formula C H N M M' 

H4L c 19H22N404 6 1.46 6.06 14.92 

l a  C38H42N808Ni 57.17 5.19 14.26 7.17 
(61.62) (5.94) (15.13) 

(57.24) (5.27) (14.06) (7.37) 

(56.89) (5.24) (13.97) (7.92) 
2 C,8H40N80 18'4 24.96 2.47 5.84 5 1.22 

(24.67) (2.16) (6.06) (51.52) 

(48.52) (3.39) (12.78) (20.70) 
4 C6,Hs,N 140 , , N O 4  48.77 3.39 12.60 3.23 16.26 

(49.67) (3.40) (12.82) (3.84) (16.62) 
5 C66HS8N,2020NiU4 34.02 2.67 6.99 2.37 40.11 

(33.72) (2.47) (7.15) (2.50) (40.53) 

l b  C38H42N808Cu 56.47 5.16 13.76 7.79 

3 C62H52N 14°i4cu5 48.74 3.47 12.91 20.10 

aRequired values are given in parentheses. 
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HETEROCYCLIC DIOXIMES 183 

C AN-OH 
C K N - O H  

SCHEME Synthesis of the vic-dioxime HAL and its metal complexes. 

In the IR spectrum of H4L, characteristic OH, C=N and NO streching vibra- 
tions have been observed at 3260, 1630 and 1040 cm-I, respectively (Table 11). 
These values are in agreement with those previously reported. The broad 
band at 2500-2700 cm-I in the spectrum of 2,6-diaza- 1,7-bis(2’-hydroxyphenyl) 
heptane indicating the formation of hydrogen bonds between OH and NH groupsI4 
disappeared after its reaction with DCGO. In the ‘H NMR spectrum of H4L 
(Table III), two protons which disappear on deuterium exchange were recorded 

around 6 = 9.72 and 9.0, the former corresponding to phenolic OH groups and 
the latter to oxime groups; a single chemical shift for oxime protons at such a low 
field indicates an E,E-structure for the vic-dioxime moiety.” No chemical shifts 
attributable to secondary amine groups were present. 

This hexadentate ligand has two phenolic OH groups and two aza functions in 
the heterocyclic ring in addition to two oxime groups. Consequently, all or some of 
these donor groups can participate in complex formation, according to reaction 
conditions. 

When the chloride salts of Ni(I1) and Cu(1I) were used in 1:2 (metal:ligand) ratio 
and the pH of the mixtures have raised to cu 4.7, mononuclear metal complexes 
l a  and l b  were obtained. In these square planar complexes four donor nitrogen 

6, 8, 12 

TABLE I1 IR datan (cm-’) for H4L and its complexes 

Comuound OH OH. ..O C = N  OH NO Others 

H4L 3260 1630 1375 1040 
1R 3260 1710 1590 1375 1040 
l b  3380 1710 1590 1375 1040 
2 3230 1590 1360 1035 895(0 = U = 0) 
3 16061 580 1050 1380(N03) 
4 1600-1580 1050 1380(N03) 
5 1600-1580 1050 9W(O = U = 0) 

1575(asym) (AcO) 
1430 (syrn) 

a (KBr pellets). 
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184 S. MEREY et al. 

TABLE Ill 'H NMR data for H,L and its complexes (in DMSO-d,) 

CCH2C 
NCH,C 
ArCH,N 
Aromatic 
NOHd 
ArOHd 
O... Hod 
phen 

~~ ~ ~ 

1.58(p,2H) 1.56 (p, 4H) 
3.14(t,4H) 2.94( t, 8H) 
4.30(s,4H) 4.53(s,8H) 
6.60-7.20 (m,8H) 6.70-7.20(m.l6H) 
9.00(s,2H) 
9.72(s,2H) 9.75(s,4H) 

16.28(s,2H) 

1.83 (p, 4H) 1.36(p,4H) 
2.59 (t, 8H) 2.86(t,8H) 
3.86 (s,8H) 4.47(s,8H) 
6.44-7.35' (m, 16H) 6.49-7.37'(m,16H) 
10.58(s,2H) 

7.75 (q,4H) 
7.97 (s, 4H) 
8.49 (d, 4H) 
9.08(s, 4H) 

a The peak for p-OH is at 6 = 4.44 ppm. bThe peak for acetate protons is at 6 = 2.07 ppm .'Broad. dDisappears on 
deuterium exchange. 

atoms of two vic-dioxime molecules coordinate with a metal ion and two hydrogen 
bridges bonds formed. In the IR spectrum of these mononuclear complexes, intramo- 
lecular hydrogen-bridged OH protons were observed at 1710 cm-'. By comparison of 
the spectrum with that of the free ligand, a small shift to lower frequency 
(1590 cm-') is observed for the C = N vibration, consistent with N,N-chelate coor- 
dination.6,x%'s As expected for a d8 configuration in square planar field, complex la  
is dihagnetic according to the NMR spectrum. In the 'H NMR spectrum of l a  the 
proton of the intramolecular hydrogen bond was found at lower field ( 6 =  16.28). 
Phenolic OH protons which disappear on deuterium exchange were not much affected 
upon complex formation. 

The tetranuclear U(VI)O, complex 2 was obtained by starting with any ratio of the 
ligand and the metal salt. In this complex, one uranyl ion is linked to phenolic and to aza 
groups of each ligand molecule, while the third and the fourth uranyl ion are coordi- 
nated through one nitrogen and one oxygen of each dioxime group in the two ligand 
molecules. In the IR spectrum of 2, OH streching appear at 3230 cm-I. The strong band 
at 895 cm-' is the characteristic asymmetric streching mode of the O=U=O group? 
The 'H NMR spectrum of 2 shows a single chemical shift for the deuterium-exchange- 
able N-OH group (6 = 10.58). There is also another deuterium-exchangeable signal at 
4.44 ppm which can be assigned to p-hydroxo groups coordinated to uranyl ions. These 
chemical shifts are in agreement with those previously reported for the binuclear com- 
plex with p-hydro~o-bridges.~'~''~ No chemical shifts attributable to phenolic OH groups 
were present. 

All the pentanuclear complexes 3,4 and 5 have been synthesized by the reaction of 
an appropriate metal salt with mononuclear complexes la  or l b  as the bridging ligand 
and 1,lO-phenanthroline @hen) as an end-cap ligand at 4: 1 :2 mol ratio in tetrahydrofuran. 
In these complexes, while the second and third metal ions are coordinated with phenolic 
OH and aza groups:" other ions are coordinated to oxygens of the oximates and to 
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HETEROCYCLIC DIOXIMES 185 

nitrogens of the phenanthroline." It is known that the oximate group (=N-0-) can 
function as a bridge between two metal ions throukh the imino nitrogen and the 
deprotonated oxygen to afford bi- and trinuclear complexes." These types of com- 
plexes with double oximate bridges in a cis arrangement may be obtained by the use of 
glyoximate ligands. The metal-bis(g1yoximate) dianion functions as a bridge between 
two metal (11) ions through its deprotonated oximate oxygefis. 

In the IR spectra of the pentanuclear complexes with phen, 3,4 and 5, characteristic 
bands originating from phen are observed at 3030,1515,146~,1100 and 720 cm-'. The 
C=N bands due to the oxime groups and phen are observed as a combined band at 
1600-1580 cm-'. These complexes show no IR band attributable to OH ... 0 vibration 
in the region 1600-2000 cm-', indicating that all dioxime oxygens are deprotonated. 
Additionally, the IR spectra of 3 and 4 indicate a single absorption at 1380 cm-', typical 
of uncoordinated nitrate anions. In the IR spectrum of 5 uncoordinated acetate ions 
give rise two bands: an asymmetric streching band at 1575 cm-' and a symmetrical 
band at 1430 cm-'. The former band is stronger and more characteri~tic.2~ The uranyl 
group band is at 900 cm-'. 

NMR measurements are precluded owing to the paramagnetic nature of complexes 
3 and 4. The characteristic features of the 'H NMR spectrum of the diamagnetic U(VI)O, 
complex 5 are the disappearence of the phenolic OH protons and intramolecular 
hydrogen-bridged OH protons after pentanuclear complex formation. Protons of the 
acetate anions are observed at 2.07 ppm as a singlet and phen peaks are at 7.75,7.97, 
8.49 and 9.08 ppm. The mass spectra of the complexes l a  and lb  confirm mononu- 
clear complexation by molecular ion peaks M+ at d z  796 for la  and (M+l)+ at d z  
804 for l b  (fast atom bombardment technique). However, no satisfactory spectra could 
be obtained for the pentanuclear complexes. All attempts to obtain single crystals of 
the complexes were unsuccessful, because of the low solubility of the compounds. 

Free HAL has an absorption maximum at 276 nm in the UV region. The elec- 
tronic spectra of all the transition metal complexes in DMF are very similar to that 
of H,L except for the high intensity charge transfer absorptions around 400 nm. 
The general character of these spectra is very similar to that of corresponding 
complexes of symmetrically disubstituted dioximate l i g a n d ~ ~ . ~ . ' ~  and the similar- 
ity is probably a consequence of the fact that for charge transfer transitions the 
electrons involved are not greatly altered by cHeIation of different transition metal 
ions.17 Only in the cases of 3 and 4, are strong absorptions seen around 482 and 
460 nm, respectively. The glyoximate-bridged trinucled Cu(I1) complexes are 
characterized by an intense absorption at 476 nm and the higher energy transition 
around 480-460 nm, which is absent in the free ligand and other complexes,'* can 
be assigned to a phen-to-Cu(I1) charge-transfer transition. 

Although thermal decompositions of la and 4 are observed as sharp peaks at 239°C 
and 215 "C, respectively; those for all the other complexes are found to be above 300°C. 
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Electrochemical Measurements 

A typical voltammogram of H4L in DMSO is shown in Figure 4. Two one-electron 
reduction waves were observed for this species; these waves are quasi-reversible 
at all sweep rates studied. 

Cyclic voltammograms of mononuclear la, tetranuclear 2 and pentanuclear 5 
complexes are shown in Figures 5,6 and 7, respectively. A one-electron reduction 
peak at -1.190 V and two one-electron oxidation peaks at -0.580 V and +0.220 V 
were observed for la. In the Ni (11) species the only reduction wave in the cathodic 
region and the oxidation peak at -0.580 V appear approximately in the same re- 
gion as the species H,L. These waves may be attributed to reductions in the ligand. 
The oxidation wave at +0.220 V may be metal-centred and attributed to the 
Ni(I1) / Ni(II1) In the voltammogram of complex 2, three one-electron 
reduction waves and two one-electron oxidation waves appeared. The reduction 
peak at -0.570 V and oxidation peak at -0.080 V may be attributed to U(VI)O, 
centred  reaction^.^' 

In the cyclic voltammograms of the complex 2 and 5, the reduction peaks 
around -0.700 V and -1.200 V are the same as in the voltammogram of H4L. 
The cyclic voltammogram of the pentanuclear complex 5 showed three one- 
electron reduction peaks at -0.620 V, -0.780 V and -1.220 V successively. One 
of the two oxidation peaks (at -1.145 V) involves two electrons, is reversible in 
character at all sweep rates studied and may be attributed to phenanthroline ring 
oxidation.28 

FIGURE 4 Cyclic voltammogram of H,L in DMSO 
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6.04 

500 1 300 100 0-100 -300 -500 -700 -900 11001300 -15 

E I mV vs SCE 

0 

FIGURE 5 Cyclic voltammogram of la  in DMSO. 

For 1 and its complexes la, 2 and 5, the heterogenous electron transfer rate is 
relatively slow, so that separation between cathodic and anodic peaks varies with 
the sweep rate. Variation of Ep with sweep rate changed from the quasi-reversible 
case to the charge transfer rate-determining case within the sweep rates studied 
(Table IV). One of the principal tests for electrochemical reversibility rests on the 
magnitude of the slope in the plot of Ep or Ep/2 vslog v.29-30 Slopes (AC) 
between the limits of 0 and 30 mV per decade are indicative of reversible electron 
transfer and provide information about the order of subsequent chemical reac- 
tions. If the ratio of anodic to cathodic peak currents is unity and independent of 
the switching potential, the absence of coupled chemical reactions is demon- 
strated. In these complexes, the ratio of anodic to cathodic peak currents differs 
from unity and depends on the switching potential, thus indicating the presence 
of coupled chemical reactions. 

The diffusion coefficients associated with these species in the cyclic 
voltammograms were calculated by using the Randles-Sevcik equation (Table IV). 
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According to a, values calculated, the number of electrons transfered is one 
except for the oxidation peak of species 5 (n = 2 for peak 4). When the transfer 
coefficient deviates from 0.5, cyclic vol,tammograms become asymmetric as shown 
in Figures 4,5,6 and 7. Thus when a, is around 0.75, the cathodic peak is sharper 
then the anodic peak as expected from the Butler-Volmer eq~at ion .~’  For the 
tetranuclear and pentanuclear uranyl species, cyclic voltammograms revealed that 
peaks 1 and 5 were related to each other. The diffusion coefficient of reduction 
peak 1 is about 4 times smaller than that of oxidation peak 5 .  Thus it may be 
attributed to a metal-based redox reaction. 

FIGURE 6 Cyclic voltammogram of 2 in DMSO 
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FIGURE 7 Cyclic voltammogram of 5 in DMSO 

TABLE IV Current functions and diffusion coefficients for H,L, la, 2 and 5 species inDMSO with 
0,l M TBAP as supporting electrolyte (v = 0.05 Vs - 1) 

Compound Peak No ACa/v EP/v  n anb I % / p t  1Oi2DIm2s-’ 

H4L 1 0.0329 -0.7700 1 0.8960 0.1400 0.0066 
(5x 1 04M) 2 0.0515 -1.2300 1 0.5720 0.3050 0.0487 

3 0.0711 -0.5400 1 0.4150 0.4500 0.0015 
l a  1 0.0330 -1.1900 1 0.8940 5.1000 9.5500 
(5x10-3~) 2 0.1020 -0.5800 1 0.2890 0.7000 0.5050 

3 0.1360 +0.2200 1 0.2170 1.8500 4,7070 
2 1 3.0380 -0.5700 1 0.7750 1.4250 0.7850 
(5xIO4M) 2 0.0505 -0.7900 1 0.5830 1.4750 1.1160 

3 0.0994 -1.2000 1 0.2970 2.9500 8.7730 
4 0.0532 -0.5100 1 0.5540 0.5250 0.1490 
5 0.0843 -0.0800 1 0.3490 1.8250 2.8550 

5 1 0.0413 -0.6200 1 0.7130 1.7500 1.2870 
(4x 1 0-6 M) 2 0.0393 -0.7800 1 0.7500 1.3750 0.7550 

3 0.0422 -1.2200 1 0.6990 12.3750 65.6 100 
4 0.0165 -0.1450 2 0.7800 2.8750 0.3798 
5 0.0653 +0.0900 1 0.4520 2.6250 4.5690 

aAC = EpAog v. bAC = O.O295/u,,; hence a can be obtained ‘Ip = 2. 98~10~n~,’~CAD’’’v“.  ‘Ip = 2. 6 9 ~ 1 0 ~ n ” ~  

CAD1%’”; hence D can be obtained when 4 is known for v = 0.05 Vs-I. cIp = 2. 99~IO~na,,”*CAD”~vl”. 
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Diffusion coefficients decrease with charge. This a reflection of two effects. As 
the charge increases, the size of the solvation shell increases, and with increasing 
charge outer-sphere solvent molecules are also oriented about the ion. Thus a large 
aggregate with its solvation sheath moves through solution more s10wly.~' In the 
case of these compounds, in anodic regions, diffusion coefficients appear to be 
smaller than those in cathodic regions. 

Potentiometric Measurements 

The vic-dioxime ligand may be represented by the conventional symbolic formula 
H,L explicitly showing the presence of four ionizable protons. In the absence of 
metal ions, depending on the pH, there are five possible forms ligand could 
take: H,L, H,L-, H2LZ-, HL3- and L4-, on titration with a strong base in the pH range 
2.0-12.0. The values for the protonation constant for H,L are logK, = 10.80, 
logK,= 9.75, logK3 = 7.92 and logK, = 4.34. 

The assignments of the two protons to the oxime groups and the two protons to 
the phenolic groups in H4L can be made on the basis of comparable values ob- 
tained for each of them and by anology with known values for related c o m p o ~ n d ? ~ - ~ ~  
Titration data obtained for H4L in the presence of Cu(II), Ni(I1) and U(VI)02 ions 
were processed by the program TITFIT with respect to protonated, neutral and 
hydroxo c~mplexes.'~ 

Results are collected in Table V and a species distribution diagram is shown in 
Figure 8. Precipitation of complexes prevented the collection of titration data 
attributable to the species ML, and others. The stability order of overall formation 
constants of the complexes is as Cu(I1) > Ni(1I) > U(VI)02. 

TABLE V Protonation and overall formation constants for &L and its comulexes 

Metal ion Species log p (-+ 0. I) 

H+ HL3- 10.8 
H2L2- 20.6 
H,L- 28.5 
H4L 32.8 

Ni2+ ML 16.2 
MLH 23.4 
MLH, 29.5 

C"*+ ML 16.7 
MLH 23.5 
MLH, 26.4 

uop ML 15.7 
MLH 22.8 
MLiH 34.2 
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M o l / l  

- 9 9E-84 
. 7 4 ~ 4 4  

- %BE-84 
- 2.5E-84 

2 m e  4 e m  6.ee.e 8.888 te.eee 12.881 

FIGURE 8 
HL3-; VV, H2L2-; 00 H,L’-; 00, H,L). 

Species distribution diagram for 0.01 M &L at 0.1 M ionic strength and 25°C (+ +, 
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