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Abstract: Two mixed-ligand copper(ll)-organic coordinatioronepounds with 5,5'-
dimethyl-2,2'-bipyridine (5,5'-M#py) as a primary ligand while aliphatic malonatém@l)
and aromatic 2-hydroxynicotinate (2-OHNA) as se@gdigands, were synthesized. These
complexes are formulated as: [Cu(Hmal)(5,5%bw)(H.0)](CIO,) 1 and [Cu(2-
OHNA)(5,5-Mebpy)(NO3)](NOs) 2. These two complexes were structurally charactdrize
by single crystal X-ray diffraction analysis. Chetexization was further supported by powder
X-ray diffraction analysis, elemental analyses, IRT-FAB-MASS and TGA, DSC studies.
Cyclic voltammetric and UV-visible spectral studigfsthese two complexes have also been
done. The electrochemical studies of complex DMSO and DMF have shown that this
complex undergoes quasi-reversible diffusion-cdlgdo one-electron transfer reaction
without any chemical complication while compl@xin DMSO undergoes quasi-reversible
diffusion-controlled one electron transfer reactiofollowing EC mechanism. The
electrochemical behaviour of compl&xn DMF is complicated probably due to presence of

more than one species in solution phase.
Keywords: Mixed-ligand complex; Supramolecular framework; a§+diffraction; Cyclic

voltammetry; 5,5'-dimethyl-2,2'-bipyridine:r stacking interaction.
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1.Introduction

Recent years have witnessed rapid progress in tloastraction of
metallosupramolecular frameworks due to their warad architectures, enchanting topology
[1-7], and the potential applications as functiomalterials [8-14]. Early reports have shown
that carboxylate compounds and nitrogen heteroxytijands have been successfully
employed in the generation of many novel structyfdg. Cui and his co-workers have
extensively studied the application of nitrogenenetyclic ligand based metal-organic
coordination compounds in the field of photo-catay electrochemistry, luminescence,
fluorescence and dye adsorption [16-21]. Furtiiéras also been recognized for many years
that mixed-ligand copper(ll) complexes containimgaaomatic amine or its derivatives and
an anionic auxiliary ligand are much more stablanttwould be expected on statistical
grounds [22]. Earlier studies have also demonstrétat the aromatic ligand receives
electron density from the metal ions and that fhriscess is augmented by the binding of
anionic auxiliary ligands to the metal ions [23h€eBe electronic effects have been suggested
to lead to the enhanced stability of the complescas. In contrast to this, the stability of
mixed-ligand copper(ll) complexes, containing nalutfonor ligands as a moiety, are of the
order expected on statistical ground [24].

Moreover, copper(ll)-organic frameworks possessranas structural diversity due
to its flexible coordination sphere around the @b ion, in combination with steric and
packing forces [25]. Copper(ll) is one of the mwsportant transition metal ions, not only
because of its relevance as the active-site steiciumetalloproteins [26], but also due to its
magnetochemistry [27].

In this respect polycarboxylates along with copipeiéns are widely used in the
construction of supramolecular architectures omgghithrough coordination bonds;n
stacking interaction and/or hydrogen bondings. #ig purpose dicarboxylate ligands are
frequently used as bridging and chelating linkémsiong these malonate is a dicarboxylate
with singular behaviour different from the othercaliboxylates. It shows a number of
coordination modes with transition metal ions [28]also acts as a blocking agent through
bidentate chelation and produces an isolated steictvhich is further extended by
supramolecular interactions [29]. Mono-deprotonatedlonate frequently enhances the
structures with low dimensionality to supramolecuéachitectures via the assembly of
hydrogen bonding [30]. Further, functionalized caylates can easily be applied to construct

functionalized metal-organic coordination compounish supramolecular architectures.
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Functional groups like —OH, -NHare frequently used for this purpose [31]. 2-
hydroxynicotinic acid (2-OHNAH) is one of the maaiccessful functionalized carboxylates
used for the purpose due to its versatile modesafdination [32,33].

A fascinating supramolecular architecture can gdmlachieved via the combination
of carboxylate ligands with other ligands havingddhor chelating bipyridine moiety. 2,2'-
bipyridine and its derivatives are frequently uded the synthesis of low dimensional
molecular architectures [34-38], which can be fertrextended to high dimensional

supramolecular architectures via supramolecularaations.

_ X OH HO OH

5,5'-dimethyl-2,2'-bipyridine 2-hydroxynicotinie acid Malonic acid

Scheme 1Ligands used for the synthesis of mixed-ligand plexes.
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Scheme 2General synthetic routes for the complexes [Cu(Hfaa'-Mebpy)(H.O)](CIO,)
1 and [Cy(2-OHNA),(5,5-Mebpyk(NO3)](NO3) 2.

Thus keeping in mind the above mentioned importaarwk properties a successful
attempt has been made for synthesizing two mixgahtli copper(ll)-organic coordination
compounds, taking 5,5'-dimethyl-2,2'-bipyridine 58yle;bpy) as a primary ligand while
aliphatic malonate (Hmal) and aromatic 2-hydroxgtiitate (2-OHNA) as secondary ligands
(Scheme 1). These complexes are formulated asHj@al)(5,5-Mebpy)(H.0)](ClO,) 1 and
[Cux(2-OHNA),(5,5'-Mebpy)(NO3)](NO3) 2. These two complexes were procured by

3
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traditional room temperature synthesis (Schemear) were structurally characterized by
single crystal X-ray diffraction analysis. Charaization was further supported by powder X-
ray diffraction, elemental analyses, FT-IR, FAB-M33JV-Visible spectral analyses, TGA,

DSC and cyclic voltammetric (CV) studies.
2.Experimental

2.1. Materials and physical measurements

All the chemicals used in the synthesis were puetidrom vendors and were used
as such. Metal salts, i.e., Cu(®)e3H,O, Cu(CIQ)..6H,0O and organic ligands 5,5'-dimethyl-
2,2'-bipyridine (5,5'-Mgbpy), malonic acid (kmal) and 2-chloronicotinic acid (2-CINAH)
were purchased from Sigma Aldrich Chemicals Pw.,Lllew Delhi. Ethanol was purchased
from Bengal Chemicals, Kolkata, India and methardimethylsulfoxide (DMSO) and
dimethylformamide (DMF) were procured from MerckeSalities Pvt. Ltd. All experimental
operations were performed in air. FT-IR spectraent@ken on a Bruker Optics ALPHA-E
spectrometer with a Universal Zn-Se ATR accessotié 600—-4000 cthregion. Powder X-
ray diffraction (PXRD) patterns were recorded oRlallips PANalytical diffractometer for
Cu-Ka radiation § = 1.5406 A), with a scan speed &fr@in™ and a step size of 0.9 26.
Elemental (C, H, N) analyses were done on Elemehtalyzers Elementar Vario EL IlI
Carlo Erba 1108. FAB-MASS spectra were recordedaodeol SX 102/Da-600 mass
spectrometer/Data System using Argon/Xenon (6kmA)as the FAB gas. The accelerating
voltage was 10 kv and spectra were recorded at teomperature. UV-Visible spectra were
recorded at Perkin-Elmer UV-Visible spectrophotagnetmodel Lambda-35. Cyclic
voltammetric studies were carried out at BAS etadtemical system model EPSILON at
room temperature. Thermo-gravimetric analyses (T@AJ DSC experiments were carried
out in the temperature range of 50-2D0on a SDT Q600 TG-DTA analyzer undep N
atmosphere at a heating rate ofComin™.
2.2. Synthesis of Cu(ll)-mixed-ligand complexes
2.2.1. Synthesis of [Cu(Hmal)(5,5'-Mbpy)(H.0)](CIO,), 1

40 mL aqueous solution of malonic acid (2 mM, 0.208vas added to another 20
mL aqueous solution of Cu(CiR.6H,O (2 mM, 0.741 g), followed by 30 mL ethanolic
solution of 5,5'-dimethyl-2,2'-bipyridine (2 mM,3B8 g) with constant stirring. Initially deep
blue coloured solution was obtained. After contumcstirring (30 min.) green coloured
precipitate with blue coloured supernatant soluti@s obtained. Precipitate turned blue after

3h continuous stirring. Filtered the content angbtkéhe turquoise coloured solution for

4
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evaporation at room temperature. Blue colouredisgjisingle crystals of [Cu(Hmal)(5,5'-
Mezbpy)(H0)](CIO,), suitable for X-ray diffraction were obtainedaftwo days. Resulting
crystals were washed with water followed by ethed dried at room temperature (yield: 289
mg, 39% based on Cu). FTIR (KBr 4000-600"3n8482m(b), 3221w, 3051w, 1627s, 1479s,
1391m, 1095s, 846m, 722m, 625m. Anal. Calcd fgHGCUuNOqCl (%): C, 38.44; H, 3.63;
N, 5.98. Found: C, 38.32; H, 3.49; N, 6.07.
2.2.2.Synthesis of [Cy(2-OHNA)(5,5'-Mebpy)(NO3)]|(NO3), 2

50 mL methanolic solution of 2-chloronicotinic a¢@l67 mM, 1.039 g) was slowly
added to 20 mL aqueous solution of Cugp@H,O (3.33 mM, 0.805 g) with continuous
stirring. After 20 min. of continuous stirring ahet 20 mL aqueous-methanolic (1:1) solution
of 5,5'-dimethyl-2,2'-bipyridine (3.33 mM, 0.615 ghs added to the above mixed solution,
resulting in a deep blue coloured solution. Whadatent was stirred for another 1h with
constant heating at water bath. Now cooled thetisolland raised the pH from 1.85 to 4.5
and heated over water bath for 1h. Filtered theéesdrand kept the blue coloured solution for
evaporation. Blue coloured shining crystals of JRLOHNA),(5,5-Mebpy)(NO3)](NO3),
were obtained after three days. Resulting crystedsee washed with 1:1 aqueous-methanol
solution followed by ether and dried at room terapane (yield: 459 mg, 57% based on Cu).
FTIR (KBr 4000-600 cifl): 3454m(sh), 3064w, 2922w, 2758w, 2474m(br), 18{&h)
1717m(sh), 901m, 774s, 667s. Anal. Calcd fegHz,CuNgOi2 (%): C, 48.23; H, 3.57; N,
12.50. Found: C, 48.16; H, 3.52; N, 12.52.
2.3. Instrumentation
2.3.1. Single crystal X-ray diffraction data colleen of 1 and 2

All single crystal data were collected on a Brul&@vIART APEX three circle
diffractometer equipped with a CCD area detectaukBr Systems Inc., 1999a) [39] and
operated at 1500W power (50kV, 30 mA) to generateKd radiation § = 0.71073A).
Crystals of the coordination compounds reporteedihewere mounted on nylon CryoLoops
(Hampton Research) with Paraton-N (Hampton Resgdbata were integrated using Bruker
SAINT Software [40]. Data were subsequently coedcfor absorption by the program
SADABS [41]. The space group determinations andstésr merohedral twinning were
carried out using XPREP [42]. All structures weodved by direct methods and refined using
the SHELXTL 97 software suite [42]. Atoms were ltBzh from iterative examination of
difference F-maps following least squares refineimein the earlier models. Hydrogen atoms

were placed in calculated positions and includeddisg atoms with isotropic displacement
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parameters 1.2-1.5 times Ueq of the attached CsatDiata were collected at 150(2) K for
[Cu(Hmal)(5,5-Mebpy)(H.0)](CIO,) 1, and [Cu(2-OHNA):(5,5-Mexbpy)(NO3)](NO3) 2.
All structures were examined using the ADDSYM suitiree of PLATON [43] to ensure that
no additional symmetry could be applied to the nmd€rystallographic data of all these
complexes are summarized in Table 1. CCDC 756584786654 contains the supplementary
crystallographic data (excluding structure factdos)complexed and2, respectively. Copies
of the data can be obtained, free of charge, oticagpipn to the CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (fax: + 44 (1223) 336 033naH: deposit@ccdc.cam.ac.uk).
2.3.2 Electrochemicalmeasurements

Cyclic voltammetric experiments were carried outhwa Bio-Analytical Systems
(BAS) model EPSILON (Bioanalytical Systems, Inc,AJSAg/AgCI in saturated KCI (E=
+0.199V vs NHE) was used as reference electrode. Wdrking electrode was a platinum
microelectrode (MF-2013), platinum wire was usedaasauxiliary electrode. All the cyclic
voltammetric experiments were done in an inert aphere achieved by purging the cell
solution with nitrogen (99.999% pure) for aboutr@hutes at 20+0%. An inert atmosphere
of nitrogen was also maintained over the cell sofutduring the recording of the
voltammograms. Great care was taken in the eleetpoe-treatment. Mechanical polishing of

the working electrode (GCE) was done over a vetveto-cloth with an alumina suspension.
3. Results and discussion

As mentioned earlier, these two complexes werehggited by using traditional or
solvent evaporation method. Blue coloured shiningtals of complexL were obtained by
mixing Cu(CIlQ)..6H,0:H,mal:5,5-Mebpy in 1:1:1 molar ratio into 2:1 water-ethanol
mixture. Interestingly, in this complex malonic dds monodeprotonated being only one
carboxylic group dissociated. Crystals for compl& were obtained by mixing
Cu(NGy)2.3H,0:2-CINAH:5,5'-Mebpy in 1:2:1 molar ratio into 1:2 water-methanolxtare
under basic condition. In this complex the origi2aCINAH ligand underwent to a base

hydrolysis reaction followed bketo-enol tautomerization (Scheme 3).

8] 0 o
S OH SN
Ja0HH-O/E oH
| —h-—'\ aOHH,O/ECH I Tautumerization = OH
N N o} N o
H

H

Scheme 3Hydrolysis of2-chloronicotinic acid in presence of base and esgigeketo-enol

tautomerization.
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3.1. Crystal structure of 1

Mixed-ligand complexl crystallizes in monoclinic crystal system with spaygoup
P2:/n. The structure of this complex consists of [Cu(H8s5'-Mebpy)(H.0)]", monocation
unit and a non-coordinating CJO anion. The metal ion in this complex is pentardioated
with distorted square-pyramidal geometry. The balssquare-pyramid is built by the N-
atoms of the chelating 5,5-M®y ligand and two O-atoms of the chelating mono-
deprotonated pmal ligand, while the apical position is occupieg the O-atom of a
coordinated water molecule. The ORTEP diagram &@¥ probability and atom numbering
scheme of the crystallographic independent undeipicted in fig. 1. The two Cu-N bond
distances present same value (1.980§(;5)with a chelating angle of 81.60(21)The two
oxygen atoms from Hmal ligand are at 1.937(2) a@QG(Z)Z\, with a O-Cu-O bond angle of
91.11(10§, while the Cu-O5 distance for the axially coord@shwater is significantly longer,

being 2.239(3R.

Table 1.Crystallographic data and structure refinementé@mplexesl and?2

Compounds Complex 1 Complex 2
CCDC No. 756584 756654
Formula GsH1Cu N205C|O4 C36H3CWpNgO1 2
Mr 468.30 895.80
Crystal system Monaoclinic Triclinic
Space group P 21/n P-1

a(h) 8.1563(10) 10.590(2)

b (A) 17.7192(17) 12.0717(17)
c(A) 12.892(2) 15.056(3)

a () 90.00 70.614(16)
B 105.584(15) 80.063(18)
y ©) 90.00 76.954(16)
V (A% 1794.7(4) 1758.8(6)

z 4 2

Crystal size 0.30x0.20x0.10 mm 0.23x0.18x0.15 mm
F(000) 956 916

D (g cni®) 1.733 1.691

w (mmh) 1.420 1.290
Reflections collected 12026 22472
Unique reflections 5899 12742

Rint 0.0901 0.0724
GOF onF? 1.080 0.766

R [1>20(1)] 0.0601 0.0503

WR; (all data) 0.1612 0.1381
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All these bond lengths fall in the common rangeeobsd for penta-coordinated
copper(ll) ion [44]. Selected bond lengths and bandles are given in table 2.

The lattice structure is further stabilized andteeds to a 3D supramolecular
framework by weakr-n stacking interactions and hydrogen bonding. The stacking
interactions occur between symmetry related pyedings of the 5,5-M#épy ligand, with
centroid distance in the range 3.94 - 485 The intermolecular hydrogen bonds occur
between the coordinated water with the oxygen atohsymmetry related perchlorate anions
(O---O distances of 2.829(4) and 2.953(\3) Further a strong interaction is observed
between the carboxylic O(2)-H with carboxylate oagdO(4) (at Y2+x, ¥%2-y, Y¥2+z) of another
complex. The O---O donor-acceptor distances isSEB%WA. Selected hydrogen bond
geometry is listed in table 3. The hydrogen bonslitlegd the structure to a one dimensional
linear polymeric chain. This supramolecular 1D oh# expanded to 2D and further
expanded to 3D supramolecular network by the coatigin ofz-n stacking interactions. 1D,

2D and 3D supramolecular network structures of dempare given in figure 2.

Fig. 1. ORTEP diagram (50% probability) of [Cu(Hmal)(5,Mebpy)(H0)](CIO,) 1, with

atom numbering.
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Fig. 2. Supramolecular network structure of complex(a) 1D chain alongb-axis; (b) 2D

sheet viewed dowam-axis; and (c) 3D network structure showingr stacking interactions
and H-bondings.
3.2. Crystal structure of 2

Mixed-ligand complexX crystallizes in triclinic crystal system with sjgagroupP-1.
The crystal structure of this complex consists@ii[2-OHNA)(5,5'-Mebpy)(NOs)]* and a
non-coordinated N@ anion. It should be noted that in comp®xhe asymmetric unit
comprises two copper complexes. Out of these tret Giomplex is neutral where the
copper(ll) ion is penta-coordinated with distortestjuare-pyramidal geometry. The
coordination set of the copper(ll) ion is satisfledthe two N-atoms from bidentate chelating
5,5'-Mebpy ligand, two O-atoms from 2-OHNA ligand, thesearfcoordinate bonds are lying
in one plane and constitute the base of squarempgraand one O-atom from axially
coordinated nitrate anion (Fig. 3).



Table 2.Selected bond lengths and bond anglesomplexesl and?2
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Complex 1
Cul-03 1.926(2) 03-Cul-N1 90.85(10)
Cul-O1 1.937(2) 01-Cul-N1 166.30(10)
Cul-N2 1.980(3) N2-Cul-N1 81.60(11)
Cul-N1 1.980(3) 03-Cul-05 98.19(10)
Cul-05 2.239(3) 01-Cul-05 92.31(10)
03-Cul-01 91.11(10) N2-Cul-05 93.77(10)
03-Cul-N2 166.88(10) N1-Cul-O5 100.83(11)
01-Cul-N2 93.77(10)
Complex 2
Cul-O1A 1.910(2) O2A Cul N2A 166.66(11)
Cul-O2A 1.912(2) N1A Cul N2A 81.83(10)
Cul-N1A 1.982(2) O1A Cul 013 93.23(10)
Cul-N2A 1.985(3) O2A Cul 013 107.35(11)
Cul-013 2.487(3) N1A Cul 013 86.83(10)
Cu2-01B 1.889(2) N2A Cul 013 84.83(11)
Cu2-02B 1.901(2) O1B Cu2 O2B 93.39(9)
Cu2-N1B 1.969(2) 0O1B Cu2 N1B 171.62(9)
Cu2-N2B 1.982(2) 0O2B Cu2 N1B 94.14(10)
OlACul- 93.13(9) O1B Cu2 N2B 90.96(10)
02A
O1A Cul N1A 173.35(10) 02B Cu2 N2B 175.65(9)
O2A Cul N1A 93.20(10) N1B Cu2 N2B 81.53(10)
O1A Cul N2A 91.55(9)

The second complex is mono-cationic, in which tbpper(ll) ion is in square
planar geometry. Four coordination around the eémtetal ion are satisfied by the two
N-atoms from chelating 5,5'-Mlepy and two O-atoms from 2-OHNA ligands. These four
coordinate bonds lie in the same plane and cotsstiie square-plane. The extra cationic
charge of this unit is balanced by the counteratgétranion. ORTEP diagram with 50%
probability and atom numbering scheme of crystalipbic independent unit of complex
2, is depicted in figure 3. In this complex, ligaBdOHNA exists inketo form and
bidentately coordinates to the metal centre in &&licylate manner. In this way the
ligand 2-OHNA constituting a six membered ringshatihe central metal ion. Cu-N bond
distances in this complex lie in the range 1.969.985A, while Cu-O bond distances are
in the range 1.889 to 2.48Y. All these bond lengths fall in the common rangsesved
for the square-pyramidal and square planar codpez@mplexes [44]. In addition to

10
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these, weak bonding interactions are also obsepetdeen the Cul-O2b (3.082(@))
and Cu2-O2a (2.856(3§). Selected bond lengths and bond angles are listdble 2.
Further, the weak supramolecular interactions sashhydrogen bondings-n
stacking interaction etc. stabilize the latticeusture. Then-n stacking interaction is
observed between the pyridine rings of the 5,55\ and 2-OHNA ligands. The
shortestr-n stacking interacting distances between centroidsbatween pyridine rings
N(2a) and N(3) (at 1-x, 1-y, 1-z) of 3.766and between pyridine rings N(2b) and N(4) at
(1-x, 1-y, -z) of 3.85Q. Hydrogen bondings are observed between the osygenitrate
ions and the pyridine N-H of the 2-OHNA ligand. stitype of intermolecular hydrogen
bonding is observed between O(12) of the coordthateate ion and pyridyl N(3)-H of
2-OHNA ligand associated with square-pyramidal clexp N---O donor-acceptor
distances is 2.940(45) (at 1-x, 1-y, 1-z). Second type of hydrogen bogds observed
between O(23) of free nitrate ion and pyridyl NEef 2-OHNA ligand associated with
square-planar complex. In this case N---O donagpdoc distances is 2.838(A)(at X, Y,
z). Selected hydrogen bond geometry is shown ihet& These weak interactions

produce 3D supramolecular architectures as showigure 4.

\\011 Cbha
012 k ‘ W | TR
5

> ci6b
o )\

Fig. 3. ORTEP diagram (50% probability) of [@@-OHNA)(5,5-Mebpy)(NO3)](NOs3)
2, with atom numbering (Hs are omitted due to cjauit

11
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Table 3. Selected hydrogen bonds geometry (A, °) in conggéand2

D-H----A D----H H----A L_DHA D----A
Complex 1
02-H2----04 0.84 1.64 170.24 2.475(3)
02-H2----03 0.84 2.53 119.34 3.035(3)
O5-H101----09 0.82(3) 2.02(3) 170.0(3) 2.829(4)
0O5-H102----06 0.80(3) 2.19(3) 160.0(4) 2.953(5)
Complex 2
N3-H3----012 0.88 2.17 145.3 2.940(4)
N3-H3----013 0.88 2.42 158.6 3.251(4)
N4-H4--..021 0.88 2.44 140.0 3.164(4)
N4-H4.-.-023 0.88 1.99 162.9 2.838(4)

Fig. 4. Supramolecular interactions in compl2x(a) n-n stacking interactions (centroid

distances shown in bold yellow dotted lin€ly) 3D network structure showing-n
stacking interaction and H-bonding.
3.3. Vibrational studies

Vibrational study of complex reveals a broad band at 3482 %tmvhich simply
indicates the presence of hydrogen bonded wategoul@. Presence of water in coordination
is further supported by the bands at 846 and 772 [@®]. Further, weak bands at 3221 and
3051 cn, correspond to the hydrogen bonded carboxylic €tching and aromatic C-H
stretching, respectively. The presence of a shanul lat 1479 cthmay be designated for the
C=N stretching of the pyridine ring. Finally, theepence of bands at 1627 and 1391* @re

12
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assigned to asymmetric and symmetric C=0 stretclohghe carboxylate group. Their
difference is above 200 ¢hi.e., 236 crit confirms the monodentate coordination of the
carboxylate group in this complex [46].

In the FT-IR spectrum of compléxa sharp medium band at 3454 tim assigned to
the aromatic N-H stretching frequency. Two suceessiands at 3064 and 2922 trare
assigned to the aromatic (pyridine ring) and aligh&€-H (-CHs) stretching, respectively.
Further, the presence of pyridine rings are alsuficued by the weak bands at 1477 and
1450 cn', which are assigned to C=N and C=C stretchingyeetively. Two sharp bands at
1651 and 1378 cih) respectively, assigned for the asymmetric andnsgtric stretching of
the carboxylate group. Their difference is abov® 20’ i.e., 273 cnt confirms the
monodentate coordination of the carboxylate graif.[Presence of another strong band at
1579 cnt indicates the availability of C=O group directlysaciated with the aromatic ring.
Moreover, the strong and sharp bands at 1259 a8 drti* are assigned for asymmetric and
symmetric stretching frequency of coordinated tétréon. Difference of asymmetric to
symmetric stretching frequency comes out to beratdl06 crit confirms the monodentate
coordination of nitrate ion [45]. Again a sharp Baat 1062 cnl is assigned for the
coordinated nitrate ion [47]

Finally, the presence of un-coordinated nitratergpresents the bands at 1875, 1717
and 838 cnt in this complex [45].FT-IR spectra of the complexdsand 2 are given in
supplementary information (SI) as figui@$andS2

3.4. FAB-MASS studies

FAB-MASS spectra of the complexésand2 are given in Sl as figuréS3and S4
respectively.MASS spectral study of complek, shows a peak at m/z 467 assigned for
molecular ion peak (Calc. 468). Another peak iseobsd after the expulsion of perchlorate
radical ion at m/z 369 (Calc. 368.5). Further sgsne fragmentation produces a number of
peaks at m/z 355 (Calc. 350.5), 307 (Calc. 30&87, (Calc. 247.5), 221 (Calc. 217.5) and
136 (Calc. 140) assigned for radical iongsfGsCuN:Oy], [C14H15CUNO2], [C12H12CUN],
[C10HeCuN;] and [GH3sCuN] obtained after the expulsion of a water,,COH,COOH, two
CHs and a pyridine radical ions, respectively. Thkalpat m/z 136 is assigned as base peak.
Moreover, a peak at 154 (Calc. 154), shows theepies of bipyridine radical ion which is
obtained by the combination of two pyridine radiices.

In the MASS spectrum of compleX the molecular ion peak appears at m/z 893
(Calc. 895.8). Two other successive peaks appesradz 845 (Calc. 833.8) and 764 (Calc.
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771.8) obtained after the two successive expulsibtwo nitrate ion. Further, successive
fragmentation of the radical ion produces a nundfgreaks at m/z 744 (Calc. 741.8), 700
(Calc. 697.8), 663 (Calc. 667.8), 577 (Calc. 573828 (Calc. 529.8), 431 (Calc. 435.8), 358
(Calc. 369.8), 307 (Calc. 308.8), 289 (Calc. 28028)7 (Calc. 247.8) and 137 (Calc. 140.8)
assigned for [@H26CWwpNeOg], [C33H26CWLNO4], [C31H20CWNeOs4], [C26H16CeNsO3],
[C25H16CWLNsO], [CooH12CWeN4], [C1sHoCWN3], [CaoH12N4], [C10HsCN2], [C12H12CUNy]
and [GH3CuN] radical ions, respectively. Moreover, a peakhwl00% abundance is
observed at m/z 154 assigned for bipyridine radaras obtained after the combination of two

pyridine radical ions.
3.5. Electrochemical studies

The electrochemical behaviours of mixed-ligand @fh complexes
[Cu(Hmal)(5,5-Mebpy)(H0)](ClO,) 1, and [Cy(2-OHNA)(5,5'-Mebpy)(NOs)] (NOs) 2,
have been studied in dimethylsulfoxide (DMSO) amdedhylformamide (DMF) containing
0.2M NaClQ as the supporting electrolyte at a glassy carborkiwg electrode (GCE) using
cyclic voltammetry. CV data for complexésand2 in DMSO and DMF are given in Sl as
Table S1 andS2 and the representative cyclic voltammograms &plaled in figuresS5
andS6.

Cyclic voltammogram of compleX in DMSO showed a single well defined quasi-
reversible one electron reduction couple (c/a) @aged with CG"”* change, with Epc = 26
mV, Epa = 108 mV, E= 67 mV vs Ag/AgC| andAEp = 82 mV at 100 mVs The peak
current ratio Ipa/lpc is equal to unity, clearlydicating that the reduction process is
reversible. Further, the plot of Ipc or Ipa vs sguaot of scan ratet?) gives a straight line
passing through the origin, indicating that theosedrocess is diffusion controlled (Fig. 5(a)).

This complex shows almost similar behaviour in D&ISo, with Epc = 79 mV, Epa
= 163 mV, B = 120 vs Ag/AgCl andA\Ep = 84 mV at 100 mVs Here again, the peak
current ratio (Ipa/lpc) is equal to unity, and fiet of Ipc or Ipa vs square root of scan rate
(01/2)

and diffusion controlled (Fig. 5(b)).

gives a straight line without any intercept, shaythat the redox process is reversible

14
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The cyclic voltammogram of compleX, in DMSO showed a well-defined quasi-
reversible one electron redox couple associateld @if " change, with Epc= 41 mV, Epa
=157 mV, E®= 99 mV vs Ag/AgCl and\Ep; = 116 mV. The plot of Ipcvs square root of
scan ratey*?) gives a straight line passing through originjéating that the redox process is
diffusion controlled (Fig. 5(c)). Further, the pealarrent ratio (Ipdlpc;) is below unity
(Ipa/lpci<l), suggesting that the redox process follows E@chanism [48] The
electrochemical behaviour of compl@xappears to be different in DMF as evident from the
cyclic voltammogram (Figur&6(b) in Sl). The cyclic voltammogram shows two cathodic
waves (g and ¢) in the forward negative scan while the reversedanscan exhibited two ill-
defined anodic peaksx and a). It must be noted that & not the corresponding peak af ¢

This may be due to the presence of two complexiesp@t equilibrium in DMF solution.

k.
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Fig. 5. Plot of Ipc (1A) vs square root of scan rate’f) (a) complexl in DMSO, (b) complex
1in DMF and(c) complex2 in DMSO.
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3.6. UV-Visible spectral studies

UV-Visible spectra of complexets and2 have also been recorded in DMSO and
DMF. For complexl, a weak band is observed at 663 and 649 nm in DNMB6® DMF,
respectively. Comple® also exhibited a weak band at 698 and 676 nm irSDMind DMF,
respectively (Tabl&3 FiguresS7 andS8in Sl). All these bands are due to d-d transitions
This type of spectra is typical for tetragonallgtdrted octahedral copper(ll) complexes [49-
51]. This indicates the coordination of the solveratiecule to the metal centre.

3.7. Thermal studies

Thermal study of compleg shows two steps degradations in the range 30°@00
one related to the water and other related toekeaf the compound. The first one between
80-120°C related to the expulsion of coordinated waterenale and other between 190-350
°C. The overall loss of weight is around 75 perarthe temperature of 46Q. There is still
a residue equivalent to 25 percent which has ngradied even upto 40%C. Likewise
complex1, complex2 also shows two steps degradation. The first onerng sharp between
185-190°C. There is very strong indication of phase chaagaround 188C and loss of
matter is around 18 percent. The second degradsti#ots at 196C and ends around 39Q
but there could be one smaller step in this compkewe can see a clear phase change at 240
°C. The weight loss between 190-Z45is being around 33 percent. The total weight kiss
240°C is 50 percent (half of the sample). If we rejiet in between phase then the complex
undergoes a total weight loss equal to around 7&epé This is akin to the compléxwhich
shows similar loss at 400.

Another interesting observation about complekesd?2 is that the phase change is
observed in both these complexes. Phase changeadsthermic for complexl and
exothermic for complex®, and is accompanied by a heat flow of 15 and 1 pattgram,
respectively. TGA profiles of these two complexesgiven in Sl as figureS9andS10.

3.8. Powder X-ray diffraction patterns

A comparison of the experimental X-ray powder pattef both complexes with
respective simulated X-ray powder pattern showsstihelarity in the major peaks. It also
confirms the phase purity and crystallinity of templexes in bulk. Powder X-ray patterns of
these complexes are given as supplementary mateigsl. S11andS12).

4. Conclusion

In  summary, synthesized mixed-ligand complexes ;viZCu(Hmal)(5,5'-
Meobpy)(H.0)] (CIO4) 1 and [Cuy(2-OHNA),(5,5'-Mebpy)(NO3)](NO3) 2 were structurally
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characterized by single crystal X-ray diffractionalysis and different spectral techniques
such as FT-IR, UV-Visible and FAB-MASS analyses.eThlectrochemical studies of
complex1 in DMSO and DMF containing 0.2M NaCiChave shown that this complex
undergoes quasi-reversible diffusion-controlled-efeetron transfer reaction (€l without

any chemical complication while compl@xin DMSO undergoes quasi-reversible diffusion-
controlled one electron transfer reaction, follogvieC mechanism. The electrochemical
behaviour of complexX in DMF is complicated probably due to presencenofe than one

species in solution.
Appendix A. Supplementary data
CCDC Nos. 756584 and 756654 contain the supplementeystallographic data

(excluding structure factors) for complexXeand2, respectively. These data can be obtained free
of charge via _http://www.ccdc.cam.ac.uk/conts/esing.html, or from the Cambridge
Crystallographic data Centre, 12 Union Road, CatgariCB2 1EZ, UK; fax: (+44) 1223-336-

033; or e-mail:deposite@ccdc.cam.ac.uk.
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Highlights:
» Two new mixed-ligand complexes were synthesi zed.
» Electrochemical studies of these complexes have been done.

» These complexes involve supramol ecular interactions.

» FAB-MASS studies have also been carried out.



