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Abstract : Cu(NNS)Cl2 (NNS : 1-alkyl-2-{(o-thioalkyl)phenylazo}imidazole) reacts with some bidentate chelating ligands
like, N,N (2,2-bipyridine, 1,10-phenanthroline), N,O (oxine, picolinic acid) and O,O (salicylic acid, oxalic acid) to prepare
mixed ligand complexes, [Cu(NNS)(N,N)](ClO4)2, [Cu(NNS)(N,O)](ClO4) and [Cu(NNS)(O,O)]. The complexes are
characterized by the elemental analysis, Mass, molar conductance measurements, magnetic moment data. Penta-coordinated
distorted square pyramidal structure is supported by spectral studies (FT-IR, UV-Vis). The cyclic voltammetric mea-
surements and EPR spectral studies assign CuII redox state. DFT and TD-DFT computation have been carried out of
representative complex to explain spectral and redox properties.
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Introduction

Imidazole is a ubiquitous ligand in chemical and bio-
logical molecules1,2. Imidazolyl motif having S-donor
centre in a chelated environment with additional N and/or
O donors in a molecule has become an interesting ligand
in the development of coordination chemistry of transi-
tion metal complexes3,4. Thioether donors destabilize +2
redox state of copper, nickel elevating the M(II)  M(I)
redox potentials5 and are useful in hydrogenase and CO
oxidoreductase enzymes. We have designed a ligand con-
taining imidazolyl-N and thioether-S donor centres along
with an azo-N donating centre in 1-alkyl-2-{(o-
thioalkyl)phenylazo}imidazole (SRaaiNR), a potential tri-
dentate imidazolyl-N, azo-N and thioether-S ligand6,7.
They may act as monodentate imidazolyl-N8; bidentate
imidazolyl-N, azo-N chelators7. In this article we describe
the ternary complexes of copper(II) with SRaaiNR and
group of N,N (2,2-bipyridine (bpy), 1,10-phenanthroline
(phen)); N,O (oxine, picolinic acid (pic)) and O,O-ligands
(salicylic acid (salc), oxalic acid (ox)). The mixed ligand
complexes are characterized by spectroscopic, magnetic
and electrochemical techniques. DFT computation of op-
timized geometry has been used to explain the electronic
and redox properties of the complexes.

Experimental

Materials and methods :

CuCl2.2H2O, 2,2-bipyridine (bpy), 1,10-phenanthro-
line (phen), 2-picolinic acid (pic), salicylic acid (H2salc),
oxalic acid (H2ox), picolinic acid (Hpic), 8-hydroxyquino-
line (Hoxine), o-(amino)thiophenol, methyl iodide (MeI),
ethyl iodide (EtI) were purchased from E. Merck, India.
Cu(NNS)Cl2 complexes were prepared from
CuCl2.2H2O

9. Solvents were used after drying. All ex-
periments were carried out under N2 atmosphere. The
syntheses of the ligands were carried out following com-
mon procedure9 of coupling o-(thioalkyl)phenyldiazonium
ion (obtained by diazotization of o-(thioalkyl)aniline) with
imidazole at pH 7 followed by N(1)-alkylation using alkyl
iodide in presence of NaH in dry THF under dry and inert
condition.

Microanalyses (C, H, N) were determined using Perkin-
Elmer 2400 CHNO/S elemental analyzer. Spectroscopic
measurements were carried out using the following in-
struments : UV-Vis spectra, Perkin-Elmer UV-Vis Spec-
trometer model Lambda 25; IR spectra (KBr disk, 4000–
400 cm–1), Perkin-Elmer FT-IR Spectrometer model Spec-
trum RX1. Room temperature magnetic moment was
measured using Magnetic Susceptibility Balance, Sherwood
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Scientific, Cambridge, UK. Molar conductance (M) was
measured in a Systronics conductivity meter 304 model
using ca. 10–3 M solutions in MeOH. Electrochemical
measurements were performed using computer-controlled
CH Instruments with Pt-disk electrodes. All measurements
were carried out under nitrogen environment at 300 K
with reference to Ag/AgCl in acetonitrile using
[nBu4N][ClO4] as supporting electrolyte. The reported
potentials were uncorrected for junction potential. EPR
spectra were recorded from 0 to 10000 Gauss at 300 K
with an X-band (9.15 GHz) Varian E-9 spectrometer.

Synthesis of complexes :

[Cu(SMeaaiNMe)(bpy)](ClO4)2 (1a) :

To MeOH (15 mL) solution of Cu(SMeaaiNMe)Cl2
(0.4 g or 1.09 mmol) 2,2-bipyridine (bpy) (0.17 g or
1.09 mmol) was added and stirred for 2 h in air. Aqueous
solution (2 mL) of NaClO4 (saturated) was added and
dark brown colored crystalline product was found after
slow evaporation of the reaction mixture. The product
was then washed with cold water followed by methanol-
water (1 : 1, v/v) and dried in vacuum over CaCl2. Metha-
nol solution of the product was slowly evaporated to al-
low for crystallization. Yield was 60% with reference to
parent complex, Cu(SMeaaiNMe)Cl2.

All the complexes of the series, 1-4, were prepared by
the same procedure. The yield varied from 50–65%.

Microanalyt ical  data : Anal. (Calcd.%) for
[Cu(SMeaaiNMe)(bpy)](ClO4)2 (1a) C21H20N6O8Cl2SCu :
C, 38.70 (38.75); H, 3.03 (3.09); N, 12.96 (12.92); Mass
(m/z), 650.85. For [Cu(SEtaaiNEt)(bpy)](ClO4)2 (1b)
C23H24N6O8Cl2SCu : C, 40.75 (40.69); H, 3.45 (3.56);
N, 12.46 (12.38); Mass (m/z), 678.90. For
[Cu(SMeaaiNMe)(phen)](ClO4)2 (2a) C23H20N6O8Cl2SCu :
C, 40.82 (40.93); H, 3.08 (2.99); N, 12.44 (12.46); Mass
(m/z), 674.87. For [Cu(SEtaaiNEt)(phen)](ClO4)2 (2b)
C25H24N6O8Cl2SCu : C, 42.60 (42.71); H, 3.33 (3.44);
N, 11.90 (11.96); Mass (m/z), 702.92. For
[Cu(SMeaaiNMe)(pic)](ClO4) (3a) C17H16N5O4ClSCu :
C, 39.30 (39.39); H, 3.14 (3.10); N, 13.40 (13.49); Mass
(m/z), 517.18. For [Cu(SEtaaiNEt)(pic)](ClO4) (3b)
C19H20N5O4ClSCu : C, 41.75 (41.79); H, 3.60 (3.69);
N, 12.73 (12.80); Mass (m/z), 545.17. For
[Cu(SMeaaiNMe)(oxine)](ClO4) (4a) C20H18N5O5ClSCu :
C, 44.48 (44.50); H, 3.30 (3.29); N, 12.98 (13.03); Mass

(m/z), 539.12. For [Cu(SEtaaiNEt)(oxine)](ClO4) (4b)
C22H22N5O5ClSCu : C, 46.61 (46.59); H, 3.84 (3.90);
N, 12.20 (12.30); Mass (m/z), 567.18. For
[Cu(SMeaaiNMe)(ox)] (5a) C13H12N4O4SCu : C, 40.68
(40.70); H, 3.09 (3.10); N, 14.59 (14.60); Mass (m/z),
383.05. For [Cu(SEtaaiNEt)(ox)] (5b) C15H16N4O4SCu :
C, 43.67 (43.69); H, 3.89 (3.90); N, 13.58 (13.60); Mass
(m/z), 411.07. For [Cu(SMeaaiNMe)(salc)]  (6a)
C18H16N4O3SCu : C, 50.02 (50.06); H, 3.90 (3.91); N,
12.97 (12.98); Mass (m/z), 431.07. For
[Cu(SEtaaiNEt)(salc)] (6b) C20H20N4O3SCu : C, 52.20
(52.23); H, 4.33 (4.35); N, 12.15 (12.19); Mass (m/z),
459.18.

Computational study :

Two molecules, [Cu(SMeaaiNMe)(bpy)](ClO4)2 (1a)
and [Cu(SMeaaiNMe)(oxine)](ClO4) (4a) were used to
optimize their geometries and the calculations of molecu-
lar functions were executed by using GAUSSIAN-03 pro-
gram package10. Hybrid DFT-B3LYP functional was used
throughout the calculations11. For C, H, N and O the 6-
31G(d) basis set were assigned. Los Alamos effective core
potential plus double zeta (LanL2DZ)12 basis set along
with the corresponding pseudo potential without any sym-
metry constrain for Cu and S were used. The vibrational
frequency calculation was also performed for both the
complexes to ensure that the optimized geometries repre-
sent the local minima and there are only positive Eigen
values. To assign the low lying electronic transitions in
the experimental spectra, TD-DFT calculations of the com-
plexes were done. We computed the lowest 25 singlet-
singlet transition in methanol using the conductor-like
polarizable continuum model and results of the TD-DFT
calculations was qualitatively very similar. Gauss Sum13

was used to calculate the fractional contributions of vari-
ous groups to each molecular orbital.

Results and discussion

Synthesis and formulation of the complexes :

The Cu(NNS)Cl2 are prepared by reported procedure9.
Three different series of bidentate ligands (donor centres
are abbreviated X,Y) such as N,N (2,2-bipyridine (bpy),
1,10-phenanthroline (phen)); N,O (oxine, picolinic acid
(pic)) and O,O (oxalic acid (ox), salicylic acid (salc)).  To
MeOH solution of Cu(NNS)Cl2 bidentate ligand (X,Y)
in the same solvent is added and stirred for 2 h in air.
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Aqueous solution of NaClO4 (saturated) is added and dark
colored crystalline product (eq. (1)) is precipitated after
slow evaporation of reaction mixture. The product was
then recrystallised from methanol solution by slow evapo-
ration.

Cu(NNS)Cl2 + X, Y + n NaClO4 

[Cu(NNS)(X,Y)](ClO4)n + n NaCl   (1)

The spectral studies :

Infrared spectra of the mixed ligand complexes,
[Cu(SRaaiNR)(X,Y)]n+, exhibit (N=N) and (C=N)
at 1420–1430 and 1575–1580 cm–1 respectively, and is
red shifted by 10 cm–1 compared to the results of free
ligand. This supports coordination of azo-N and imine-N
to CuII (Table 2). The coordination of the bidentate ligands
are supported by addit ional peaks. In case of
[Cu(SRaaiNR)(pic)] (3), [Cu(SRaaiNR)(salc)] (6), addi-
tional peaks are observed at 1640–1648 cm–1 which is
assigned to (C=O) of coordinated carboxylic group14.
[Cu(SRaaiNR)(ox)] (5), derivatives also show high in-
tense broad band at 1650–1660 cm–1 correspond to
(COO). The complexes with catechol and oxin ligands
exhibit (C-O)(phenolic) at about 1100 to 1140 cm–1 14.

The electronic spectra of the mixed ligand complexes
were collected in MeOH solution. The electronic spectra
exhibit multiple high intense transitions ( ~ 104 M–1

cm–1)  in 500–240 nm along with a weak intensity  band
at 630–750 nm ( ~ 200 M–1 cm–1). The spectra are
compared with that of free ligand and Cu(NNS)Cl2, un-
der identical condition. Intra-ligand charge transferences
n–* and –* appear at 350–385 and 240–280 nm re-
spectively. Other transitions at 630–750, 400–425, 450–
480 nm are new and only observed in the complexes and
considerably shifted from that of starting complex,
Cu(NNS)Cl2 (Table 1, Fig. 1). Besides, the ligands
thioalkylazoimidazoles possess a thioalkyl (-SR) reducing
center. Copper(II) complexes containing coordinated -SR
group(s) exhibit strong S (thioether)  CuII LMCT band.
Copper(II)-azoheterocycles15–18 exhibit strong MLCT tran-
sition involving d(Cu)  *(arylazoheterocycle) because
of efficient -acidity of the ligands. On comparing with
c opp e r ( I I ) - 1 - a l k y l - 2 - ( a r y l a z o ) im i d a z o l e s 19 ,
pyridylthioazophenolates20  and other pyridylthioether21,22

based N,S donor ligands we may assign the transitions
450–480 nm as MLCT [d(Cu)  *(azoimidazole)] and
400–425 nm LMCT (S  CuII) transitions MLCT tran-
sition. On comparing with spectral data of Cu(NNS)Cl2
it is clear that the MLCT and LMCT bands have signifi-
cantly influenced by the coligands9 .  Very weak absorp-
tion at 630–750 nm ( ~ 200 M–1 cm–1) is undoubtedly a
d-d transition23.

Electrochemistry :

Cyclic voltammetry (CV) shows reductive response at

X = Y = N,N (bpy, 1; phen, 2) and n = 2; X = N, Y = O (pic,
3; oxine, 4) and n = 1; X = Y = O, O (ox, 5; salc, 6) and n = 0.

[Cu(SMeaaiNMe)(bpy)](ClO4)2 (1a); [Cu(SEtaaiNEt)(bpy)](ClO4)2
(1b); [Cu(SMeaaiNMe)(phen)](ClO4)2 (2a); [Cu(SEtaaiNEt)-
(phen)](ClO4)2 (2b); [Cu(SMeaaiNMe)(pic)](ClO4) (3a);
[Cu(SEtaaiNEt)(pic)](ClO4) (3b); Cu(SMeaaiNMe)(oxine)](ClO4)
(4a); [Cu(SEtaaiNEt)(oxine)](ClO4) (4b); [Cu(SMeaaiNMe)(ox)] (5a);
[Cu(SEtaaiNEt)(ox)]  (5b); [Cu(SMeaaiNMe)(salc)]  (6a);
[Cu(SEtaaiNEt)(salc)] (6b).

Scheme 1.The complexes, [Cu(SRaaiNR)(X,Y)], synthesized and
characterized in this work.

The crystals those are isolated from synthetic mix-
ture or separately by slow evaporation are not of good
quality to diffract X-rays for structural analysis. So
the characterization has been done by the elemental
analysis, molar conductance measurements, magnetic
moment data, spectral studies (FT-IR, UV-Vis, Mass),
cyclic voltammetric measurements and EPR spectral
studies. The complexes are soluble in methanol, etha-
nol, chloroform, dichloromethane and acetonitrile but
insoluble in hexane, benzene, and toluene. The com-
plexes 1 and 2 show 1 : 2 molar conductivity (M =
160–170 –1 cm2 mole–1 in MeOH) and the com-
plexes 3 and 4 show 1 : 1 molar conductivity (M =
90–100 –1 cm2 mole–1 in MeOH) while the com-
plexes 5 and 6 are non-conducting in methanol/aceto-
nitrile solution. The bulk magnetic moment shows that
the complexes are of one electron paramagnetism (1.8–
2.0 B.M.) (Table 1).
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Table 1. UV-Vis spectral, cyclic voltammetric and magnetic moment  data

Compds. UV-Vis spectraa Cyclic voltammetric datac

max (nm) E (V) (Ep (mV))  (B.M.)

[10–3 ×  (dm3 mol–1 cm–1)] CuII/I CuI/0 Ligand reduction

[Cu(SMeaaiNMe)(bpy)](ClO4)2 (1a) 684(0.05), 473(3.5), 413(6.8), 0.38 –0.28 –0.45(140) 1.92

356(12.5), 242(14.3) (150) –1.14

[Cu(SEtaaiNEt)(bpy)](ClO4)2 (1b) 685(0.12), 470(3.40), 394(14), 0.29 –0.24 –0.34(100) 1.87

381(16), 248(9.7) (150) –1.08

[Cu(SMeaaiNMe)(phen)](ClO4)2 (2a) 692(0.05), 470(4.1), 423(6.1), 0.28 –0.29 –0.50(160) 1.88

359(11.8), 295(10.6) (150) –1.34

[Cu(SEtaaiNEt)(phen)](ClO4)2 (2b) 690(0.12), 470(4.5), 425(7.2), 0.28 –0.28 –0.52(160) 1.87

359(12.0 ), 293(9.5) (150) –1.34

[Cu(SMeaaiNMe)(pic)](ClO4) (3a) 675(0.06), 459(2.36), 362(6.0), 0.29 –0.28 –0.39(130) 1.88

257(9.47) (140) –1.07

[Cu(SEtaaiNEt)(pic)](ClO4) (3b) 690(0.06), 474(3.80), 369(7.75), 0.32 –0.28 –0.39(130) 1.87

258(8.85) (150) –1.07

 [Cu(SMeaaiNMe)(oxine)](ClO4) (4a) 740(0.12), 471(4.5), 405(6.0), 0.29 –0.28 –0.40(130) 1.92

365(7.5), 256(6.9) (140) –1.34

[Cu(SEtaaiNEt)(oxine)](ClO4) (4b) 735(0.12), 470(4.5), 405(6.0), 0.30 –0.28 –0.40(130) 1.87

360(7.5), 250(6.7) (150) –1.34

[Cu(SMeaaiNMe)(ox)] (5a) 630(0.22), 464(1.12), 365(3.5), 0.30 –0.24 –0.44(150) 1.88

249(5.0) (150) –1.35

[Cu(SEtaaiNEt)(ox)] (5b) 632(0.20), 465(1.10), 364(3.3), 0.32 –0.25 –0.44(150) 1.87

244(4.2) (150) –1.35

 [Cu(SMeaaiNMe)(salc)] (6a) 670(0.17), 470(5.3), 445(6.0), 0.32 –0.25 –0.40(130) 1.90

380(6.0), 248(5.75) (150) –1.34

[Cu(SEtaaiNEt)(salc)] (6b) 672(0.18), 474(5.4), 445(6.0), 0.32 –0.25 –0.40(130) 1.89

381(6.0), 247(5.70) (150) –1.34
aSolvent, MeOH. cSolvent, MeCN; working electrode, Pt-disk milli electrode, Pt-wire auxiliary, Ag/AgCl reference; supporting electrolyte
[nBu4N][ClO4]; scan rate 0.05 V s–1, potential E1/2 = 0.5(Epa+Epc), Ep = Epa–Epc, mV; Epa = anodic peak potential, Epc = cathodic
peak potential. dEpc. 

eEpa.

Fig. 1. UV-Vis spectra of [Cu(SMeaaiNMe)(salc)] (6a).
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about 0.3 V versus Ag/AgCl along with three reductive
responses at negative side (Table 1, Fig. 2). On compar-
ing with CV of Cu(NNS)Cl2 we may conclude that the
couple is due to the reduction of CuII to CuI 9. Because of
better -acidity of bidentate coligands than 2Cl– the redox
couple is shif ted to more positive side. Three
quasireversible couples at about –0.4, –0.8 and –1.3 V
are the description electron accommodation in the che-
lated ligands. Free ligand does not show any oxidation but
irreversible reductive responses appear at < –1.0 V.  On
scanning to negative direction at potential < –0.6 V and
reversal of direction shows upsurge of current at av. –0.3
V which refers to CuII/CuI couple. The increment of cur-
rent density may be due to reoxidation of adsorbed Cu
(metallic) on the electrode surface which has been pro-
duced upon reduction of CuI at highly negative potential.
The current height to CuI/Cu0 couple increases gradually.
The peak-to-peak separation of the redox couple at posi-
tive to the reference electrode (~0.2 V) is also dependent
on the scan rate and, increases from 120 mV at 10 mV s–
1 to 600 mV at 1000 mV s–1. At slow scan rates (10–50
mV s–1) Ep remains almost constant. This observation
suggests low heterogeneous electron-transfer rate constant
which has been influenced by the applied potential. In
general, the electrochemical reduction of copper(II) com-
plexes is associated with change in coordination geom-
etry. Solution structure of copper(II) complex shows square
pyramidal or trigonal bipyramidal which upon reduction
may change to tetrahedral geometry via bond rupture and
bond formation. Bond reorganization energy should rea-
sonably be high due to fast change in Cu-S bond length
which will be longer in CuII than CuI 21,24. Two
quasireversible couples at –0.8 and –1.3 V may assign to
azo reduction [–N=N–]/[N—--N–]– and [–N—--N–]–/[–N–
N–]= respectively (Table 1).

EPR studies :

Polycrystalline spectra of [Cu(NNS)(X,Y)](ClO4)n  at

room temperature (298 K) are weakly resolved. The low

resolution of polycrystalline spectra is usual where cop-

per centers are relatively closer together, the hyperfine

splitting are poor due to paramagnetic charge narrowing.

However, the resolution is better in solution; therefore,

the spectra at 77 K were used to determine the EPR pa-

rameters. The frozen solution spectra show better signal

resolution that can be attributed to a single species. The

EPR spectra of CuII complexes provide information about

hyperfine and superhyperfine structures which helps in

defining the geometry and distortion of the complexes.

The complexes show usual four line (63Cu, I = 3/2) EPR

spectra and are anisotropic at higher magnetic field. The

three peaks of low intensity in the weaker field are con-

sidered to originate from the g component and A lies

155–175 × 10–4 cm–1. The calculated g and g values

for these complexes were 2.21–2.42 (g : 2.21 (1a), 2.32

(1b), 2.28 (2a), 2.42 (2b), 2.22 (3a), 2.33 (3b), 2.32

(4a), 2.22 (4b), 2.41 (5a), 2.22 (5b), 2.31 (6a), 2.21

(6b)) and 2.01–2.14 (g : 2.01 (1a), 2.05 (1b), 2.13 (2a),

2.10 (2b), 2.11 (3a), 2.01 (3b), 2.02 (4a), 2.13 (4b),

2.01 (5a), 2.02 (5b), 2.01 (6a), 2.02 (6b)). The relation

g > g> 2.0023 agrees with the ground state configura-

tion of dx2–y2. The superhyperfine coupling constant A
average to 16 × 10–4 cm–1 and is in the range of Cu-N

interaction19. For CuN2 coordination there will be (2.2 +

1) 5 responses and they are observed, indeed (Fig. 3).

Fig. 2. Cyclic voltammogram of [Cu(SEtaaiNEt)(bpy)]2+ (1a) in
MeCN.

Fig. 3. EPR spectrum of [Cu(SEtaaiNEt)(pic)](ClO4) (3b) in MeOH
at liquid nitrogen temperature.
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Fig. 4a. HOMO-LUMO electronic transitions considering -molecu-
lar orbitals (1) for  [Cu(SMeaaiNMe)(bpy)]2+ (1a) and (2)
for [Cu(SMeaaiNMe)(oxine)]+ (4a).

Fig. 4b. HOMO-LUMO electronic transitions considering -molecu-
lar orbitals (1) for  [Cu(SMeaaiNMe)(bpy)]2+  (1a) and (2)
for [Cu(SMeaaiNMe)(oxine)]+ (4a).

Table 2. Theoretical (TD-DFT) UV-Vis spectral  data (in MeOH)

Compds. Considering -molecular orbitals, Considering -molecular orbitals,

max (in nm) (f) max (in nm) (f)

[Cu(SMeaaiNMe)(bpy)]2+ (1a) 467(0.16), 435(0.47), 383(0.09), 492(0.02), 467(0.16), 435(0.47),

290(0.21), 287(0.03), 244(0.14) 383(0.09), 290(0.21), 244(0.14)

[Cu(SMeaaiNMe)(oxine)]+ (4a) 528(0.08), 465 (0.12), 415(0.18), 583(0.02), 515(0.06), 465(0.12),

408(0.24), 395(0.04), 249(0.53)

Theoretical explanation :

Theoretically generated structures of

[Cu(SMeaaiNMe)(bpy)]2+ (1a) and [Cu(SMeaaiNMe)

(oxine)]+ (4a) are used to calculate composition and en-

ergy of the functions. These are used to explain the elec-

tronic properties of the complexes. The orbital energies

along with contributions from the ligands and metal are

given in Supplementary Materials Tables S1 and S2. Fig.

4 depicts HOMO-LUMO electronic transitions consider-

ing  and -molecular orbitals respectively.

The HOMO of 1a is constituted by Cu (01%),

SMeaaiNMe (98%) and bpy (01%)while HOMO-1,

HOMO-2 etc. are mainly contributed from SMeaaiNMe

(>95%). In [Cu(SMeaaiNMe)(oxine)]+ (4a) the HOMO

and other occupied MOs (except HOMO-1) are mainly

coming from oxine  (>90%) and unoccupied MOs (ex-

cept LUMO+1) are contributed from SMeaaiNMe

(>80%).  The calculated transitions are grouped in Supple-

mentary Materials Table S2. The intensity of these transi-

tions has been assessed from oscillator strength (f). In 1a
the visible region (400–570 nm) transitions are assigned

to HOMO-3LUMO, HOMOLUMO etc. The calcu-

lated transitions at 470–570 nm are weak (f, 0.01 ) and

are assigned to admixture of MLCT (metal-to-ligand charge

transfer) and ILCT (intraligand charge transfer). An in-

tense band is calculated at 430 nm (f, 0.47) which is an

ILCT band  (Table 2).

Cyclic voltammetric behaviour of the complexes are

readily accountable from DFT calculation.  Unoccupied

MOs are significantly dominated by azoimine function,

thus reduction may refer to electron accommodation at

azo dominated orbital of the ligand. So the assignment,

azo reductions are justified. The LUMO and other unoc-

cupied MOs are SMeaaiNMe dominated (>95%), so re-

duction is as usual, –N=N – + e ——–N–---N–]–.
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Conclusion

The synthesis and characterization of ternary complexes
of copper(II), [Cu(SRaaiNR)(X,Y)]ClO4, are described.
Because of thioether coordination (RSCuII) the metal
centre becomes susceptible to reduction to CuI and has
been observed in cyclic voltammetry. EPR spectra of the
complexes support ground state configuration of dx2–y2.
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Appendix A

Supplementary data :

Fig. S1 contains optimized structures of 1a and 4a.
Fig. S2 contains Mass spectra of 6a. The orbital energies
along with contributions from the ligands, metal and the
calculated transitions are given in Supplementary Materi-
als Table S1(A-C), and S2(A-C). Table S3 contains FTIR
spectral data and conductance measurements.
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