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Abstract 9 

Two copper(II) complexes, [Cu(L)N3]n (1) and [Cu(HL)2](I3)(ClO4) (2), where HL= 2-10 

pyridylaldehydesemicarbazone, have been prepared and characterized by elemental analysis, IR 11 

and UV–Vis spectroscopy and single crystal X-ray diffraction studies. Complex 1 is a stair-like 12 

coordination polymer with square pyramidal geometry of copper(II), whereas, complex 2 is a 13 

mononuclear cationic bis-ligand complex of octahedral copper(II). Both the complexes show 14 

two-dimensional hydrogen bonded self assemblies. 15 

Keywords: Schiff base; Copper(II); Square pyramidal; Stair-like polymer; Octahedral; Self 16 

assembly. 17 

1. Introduction 18 

Considerable research effort has been focused on the rational design and synthesis of 19 

functional coordination polymers with transition-metal cores owing to their potential applications 20 
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in catalysis, porosity, chirality, luminescence, magnetism, electrical conductivity, spin-transition 21 

and non-linear optics [1-12]. In fact, they can behave as multifunctional materials [13-17]. 22 

Coordination polymers with diverse architectures such as 1D linear chain, zigzag chain, 2D 23 

square network, interwoven honeycomb, 3D square grid etc. have already been extensively 24 

developed [18-23]. Tunable bonding modes of the multi-dentate ligands have been exploited by 25 

several researchers to form several coordination polymers with structural diversities and tunable 26 

properties [24,25]. The ease of synthesis, stability under various conditions and structural 27 

versatility of the multi-dentate Schiff bases made them very popular in forming coordination 28 

polymers [26-28]. Amongst them, semicarbazone based Schiff bases constitute a special class as 29 

both their neutral and anionic forms (Scheme 1) may coordinate the metal ions to form a variety 30 

of complexes [29-32]. This family of ligands and their complexes is also known to be used as 31 

anticancer, antibacterial, antifungal and antivirus agents [33-38]. Reaction of semicarbazide 32 

hydrochloride with pyridine-2-carboxaldehyde to prepare the corresponding semicarbazone 33 

Schiff base has already been reported by several groups [39-41]. Even though the ligand has five 34 

potential donor atoms, it usually binds as a tridentate ligand using one oxygen and two nitrogen 35 

(pyridinic and azomethinic) atoms [42-44].  36 

On the other hand, the chemistry of polynuclear copper(II) complexes is getting more 37 

importance now-a-days because of their relevance to various metallo-proteins and metallo-38 

enzymes [45-49]. Their synthesis and characterization have also attracted the attention of the 39 

synthetic inorganic chemists due to their relevance in understanding the magneto-structural 40 

correlations arising from the electronic exchange coupling among copper(II) centers and in 41 

developing new molecular-based functional materials [50-53]. In the present work, we have used 42 

a semicarbazone based Schiff base to prepare two new copper(II) complexes. The structures of 43 
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the complexes have been confirmed by single crystal X-ray diffraction studies. Presence of 44 

different counter anions with different coordination abilities favours the formation of complexes 45 

with different stereochemistry. Thus, a bis-ligand complex containing distorted octahedral 46 

copper(II) is formed, in absence of any coordinating counter anions and a polymeric complex 47 

with square-pyramidal copper(II) is produced in presence of strongly coordinating azide. 48 

Hydrogen bonding interactions in both the complexes form two-dimensional self assemblies. 49 

Herein, we report the synthesis, structural features, spectroscopic characterization, X-ray crystal 50 

structure analysis and hydrogen bonded self assemblies of the two new copper(II) complexes 51 

with a semicarbazone Schiff base. 52 

 53 

 54 

 55 

Scheme 1: Neutral (HL) and deprotonated (L)- forms of the 2-pyridylaldehyde semicarbazone 56 

Schiff base. 57 

 58 

2. Experimental 59 

 All chemicals were of reagent grade and purchased from Sigma-Aldrich. They were used 60 

without further purification. 61 
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2.1. Preparations 62 

2.1.1 Preparation of the ligand [2-pyridylaldehydesemicarbazone (HL)]  63 

 The tridentate Schiff  base ligand, HL, was synthesized by refluxing pyridine-2-64 

carboxaldehyde (1 mmol, 0.10 mL) with semicarbazide hydrochloride (1 mmol, 120 mg) in 65 

methanol solution (20 mL) for ca. 1 h following the literature method [39-41]. Yellow solid was 66 

obtained from the reaction mixture on slow evaporation in open atmosphere. The ligand is stable 67 

in air and freely soluble in methanol. (Yield: 135 mg, 82%). Anal. Calc. for C7H8N4O (164.16): 68 

C, 51.21; H, 4.91; N, 34.13%. Found: C, 51.4; H, 4.7; N, 34.4%. IR (cm-1): 3410, 3352 (NH2); 69 

1692 (C=O); 1589 (C=N). UV–Vis, λmax (nm) [εmax (Lmol-1cm-1)] (DMSO): 312 (4.99x104). 1H 70 

NMR (DMSO-d6) (ppm) δ: 10.49 (s, 1H), 8.51 (d, J = 4.59 Hz, 1H), 8.13 (d, J = 7.98 Hz, 1H), 71 

7.78 (dd, J = 7.77, 7.56 Hz, 1H), 7.31 (dd, J = 7.31, 5.19 Hz, 1H), 7.87 (s, 1H), 6.60 (s, 2H). 72 

 73 

2.1.2. Preparation of complex [Cu(L)N3]n (1) 74 

 A methanol solution (20 mL) of copper(II) perchlorate hexahydrate (1 mmol, 370 mg) 75 

was added to the methanol solution (10 mL) of HL (1 mmol) and refluxed for 30 min. 10 mL 76 

methanol-water (2:1) solution of sodium azide (1 mmol, 65 mg) was added into it and refluxed 77 

for additional 2 h. The resulting dark green solution was set aside at room temperature. Single 78 

crystals, suitable for X-ray diffraction, were obtained from the reaction mixture on slow 79 

evaporation in open atmosphere. (Yield: 198 mg, 74%). Anal. Calc. for C7H7CuN7O (268.74): C, 80 

31.29; H, 2.63; N, 36.49%. Found: C, 31.4; H, 2.3; N, 36.7%. IR (cm-1): 3381, 3298 (NH2); 2067 81 

(N3); 1642 (C=O); 1606 (C=N). UV–Vis, λmax (nm) [εmax (Lmol-1cm-1)] (DMSO): 301 (3.97x104), 82 

393 (6.57x104), 671 (3.94x102). 83 

2.1.2. Preparation of complex [Cu(HL)2](I3)ClO4 (2) 84 



  

5 

 

A methanol solution (10 mL) of copper(II) perchlorate hexahydrate (1 mmol, 370 mg) 85 

was added to the methanol solution (10 mL) of HL (1 mmol) and refluxed for 30 min. 10 mL 86 

methanol-water (2:1) solution of potassium iodide (1 mmol, 166 mg) was added into it and 87 

refluxed for additional 2 h. The resulting dark green solution was kept at room temperature. 88 

Single crystals, suitable for X-ray diffraction, were obtained from the reaction mixture on slow 89 

evaporation in open atmosphere. (Yield: 542 mg, 62%). Anal. Calc. for C14H16CuN8O6ClI3 90 

(872.04): C, 19.28; H, 1.85; N, 12.85%. Found: C, 19.1; H, 1.7; N, 13.1%. IR (cm-1): 3427, 3337 91 

(NH2); 1675 (C=O); 1599 (C=N): 1088 (Cl–O). UV–Vis, λmax (nm) [εmax (Lmol-1cm-1)] (DMSO): 92 

301 (3.52x104), 388 (2.88 x104), 844 (1.41 x102). 93 

 94 

2.2. Physical measurements  95 

Elemental analysis was performed using a PerkinElmer 240C elemental analyzer. IR 96 

spectra in KBr (4500–500 cm-1) were recorded using a PerkinElmer Spectrum Two FT-IR 97 

spectrophotometer. Electronic spectra in DMSO (1100–300 nm) were recorded in a JASCO V-98 

630 spectrophotometer. Fluorescence spectra were obtained on SHIMADZU RF-5301PC 99 

spectrofluorophotometer at room temperature. 1H NMR spectrum was recorded on Bruker DRX-100 

300 NMR Spectrometer at 300 MHz using DMSO-d6 as solvent. 101 

 102 

2.3. Crystal data collection and refinement 103 

The structural analysis of 1 was performed using Bruker-Nonius Kappa CCD 104 

diffractometer equipped with APEX II detector with graphite-monochromatized Mo-Kα (λ = 105 

0.71073 Å) radiation at 123 K. Collect software was used for the data measurement [54] and 106 

DENZO-SMN for the processing [55]. Absorption correction was applied using the multi-scan 107 
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SADABS programme [56]. In 1, two nitrogen atoms, N(6) and N(7) were disordered and two sets 108 

of atoms were refined with occupancies of x and 1-x with x = 0.60(1) in both the cases. Data for 109 

2 were collected at 123 K on an Agilent Super Nova Dual diffractometer with Atlas detector 110 

using mirror-monochromatized Mo-Kα (λ = 0.71073 Å) radiation. CrysAlis Program was used 111 

for the data collection and processing [57]. The intensities were corrected for absorption using 112 

the Analytical face index absorption correction method [58]. The structures were solved by 113 

charge flipping method with SUPERFLIP [59] and refined by full-matrix least-squares methods 114 

using the WinGX software [60], which utilizes the SHELXL-97 module [61]. All non-hydrogen 115 

atoms were refined with anisotropic thermal parameters. Hydrogen atoms attached with carbon 116 

atoms were introduced in calculated positions with isotopic thermal parameters using the ‘riding 117 

model’. The hydrogen atoms, attached with nitrogen atoms, were located by difference Fourier 118 

maps and were kept fixed. ORTEP figures were plotted using Ortep-3 for Windows [62] and 119 

structures were analysed with the Mercury v 2.3 [63]. 120 

3. Results and discussion 121 

3.1. Synthesis 122 

The ligand HL (2-pyridylaldehydesemicarbazone) was prepared by the 1:1 condensation 123 

of the pyridine-2-carboxaldehyde with semicarbazide hydrochloride in methanol following 124 

literature method [39-41]. The methanol solution of ligand was then made to react with 125 

copper(II) perchlorate hexahydrate. Addition of sodium azide into the solution produced stair-126 

like polymeric complex 1. On the other hand, addition of potassium iodide resulted the formation 127 

of mononuclear cationic bis-ligand complex 2, with tri-iodide and perchlorate as counter anions. 128 

In-situ formation of tri-iodide (from iodide) was not unlikely in the acidic medium, used in the 129 

synthesis of the complex. The formation of both the complexes is shown in Scheme 2. Lower 130 
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coordinating ability of tri-iodide or perchlorate compared to azide could be related with the 131 

variations of the structures of 1 and 2. In absence of any coordinating anion, octahedral bis-132 

ligand complex (2) was resulted as the sole product, even if the copper(II): ligand ratio is varied. 133 

On the other hand, strongly coordinating azide occupied one coordination site of copper(II) and 134 

the formation of the bis-ligand complex could be stopped. The potential tridentate semicarbazone 135 

Schiff base ligand behaved as a tetradentate ligand and coordinated to a neighbouring copper(II) 136 

moiety through a nitrogen donor to form a stair-like polymeric complex 1. Use of sodium azide 137 

(a salt of strong base and weak acid) increases the pH of the medium and the deprotonation of 138 

the ligand is favoured. On the other hand, KI being a salt of strong acid and strong base, cannot 139 

impart a considerable increase in the pH of the medium. Thus use of KI cannot deprotonate the 140 

ligand.  141 

 142 
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Scheme 2: Synthetic route of the complexes 1 and 2. 143 

3.2. X-ray crystallographic studies 144 

3.2.1.  Complex [Cu(L)N3]n (1) 145 

Complex 1 crystallizes in monoclinic space group P21/a. The asymmetric unit consists of 146 

a copper(II) center with one deprotonated semicarbazone ligand (L)- and a coordinated azide 147 

(Figure 1). Copper(II) is penta-coordinated. The geometry of penta-coordinated metal center may 148 

conveniently be measured by the Addison parameter (τ), which is 0.044 in this case [τ = (α - 149 

β)/60, where, α and β are the two largest ligand-metal-ligand angles of the coordination sphere], 150 

suggesting square pyramidal geometry (τ = 0 for a square pyramid and τ = 1 for a trigonal 151 

bipyramid) [64]. Copper(II) is coordinated by two nitrogen atoms, N(1) and N(2), and one 152 

oxygen atom, O(1), of the deprotonated ligand (L)- and one azide nitrogen, N(5), in the equatorial 153 

plane. Another nitrogen atom, N(3)*of (L)- from a symmetry related molecule (*=1/2+x,1/2-y,z) 154 

coordinates copper(II) in its apical position to form a stair-like polymer (Figure 2). Selected bond 155 

lengths and angles are listed in Table 2. The C(7)–N(3) and C(7)–N(4) bond lengths {1.364(5) 156 

and 1.344(4) Å} are comparable and are close to the carbon-nitrogen single bond length for these 157 

type of systems [65]. On the other hand, C(7)–O(1) bond length {1.283(4) Å} indicates the 158 

partial cabon-oxygen double bond character [66]. These bond lengths indicate the presence of 159 

deprotonated form of semicarbazone Schiff base (L)- in complex 1.  160 

The copper(II)· ·· ·copper(II) distance in the complex core is 5.2087(6) Å and the torsion 161 

angle Cu(1)-N(2)*-N(3)*-Cu(1)* is 175.9(1)º. The deviations of the coordinating atoms, N(1), 162 

N(2), N(5) and O(1), from the mean square basal plane through them are 0.054(2), -0.063(2), -163 

0.045(2) and 0.055(2) respectively. As usual for a square pyramid structure, the copper(II) is 164 

slightly pulled out of the mean squares plane towards the apical donor atom N(3)* at a distance 165 
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0.2962(4) Å. The ligand creates two coordinating ring R1 and R2 with central copper(II) having 166 

slight deviations from their ideal planner orientation (Ring numbering refers to Scheme 2). The 167 

five atoms Cu(1), N(2), N(3), C(7) and O(1) of one coordinating ring R1 show r.m.s. deviation 168 

0.025(1), -0.030(2), 0.017(3), 0.015(3) and -0.028(2) respectively, whereas five atoms Cu(1), 169 

N(1), C(5), C(6) and N(2) of another coordinating ring R
2
 show r.m.s. deviation 0.023(1), -170 

0.035(2), 0.032(3), -0.003(3) and -0.017(2) respectively. 171 

There are two hydrogen atoms, H(4A) and H(4B), available in the ligand part of 1 for 172 

hydrogen bonding. Of these, H(4A) is hydrogen bonded with an oxygen atom, O(1), of the 173 

symmetry related (* = -1/2+x,1/2-y,z) molecule and H(4B) is hydrogen bonded with the azide 174 

nitrogen atom, N(7) of another symmetry related (∆ = 1-x,-y,-z) molecule (Figure 3). The 175 

combination of these two hydrogen bonding interactions produces two-dimensional hydrogen 176 

bonded self assembly as shown in Figure 4. The detail geometric features of hydrogen bonding 177 

interactions are given in Table 4. 178 

The complex shows significant cation·· ·π, C–H···π interactions and π· · ·π stacking. One 179 

copper centre, Cu(1), creates bi-furcated cation·· ·π interactions with chelate ring R2 and pyridine 180 

ring R
3 of a symmetry related (1-x,-y,1-z) molecule (Ring numbering refers to Scheme 2). 181 

Again, one aromatic hydrogen, H(6) of the pyridine ring creates bi-furcated C–H·· ·π interactions 182 

with same chelate ring R
2 and pyridine ring R

3 of another symmetry related (-1/2+x,1/2-y,z) 183 

molecule.  There are three significant π· · ·π stacking of two chelate ring R1, R2 and one pyridine 184 

ring R
3 with R

3, R
2 and R

1 of symmetry related (1-x,-y,1-z) molecule respectively. These C–185 

H···π, cation·· ·π interactions and π· · ·π stacking are shown in Figure 5. Combinations of these 186 

supramolecular forces create same self-assembled plane (Figure 6) as hydrogen bonded self 187 
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assembly produces. Geometric features of the cation·· ·π, C–H···π interactions and π· · ·π stacking 188 

are given in Tables 5-7 respectively. 189 

3.2.2.  Complex [Cu(HL)2](I3)ClO4 (2) 190 

Complex 2 crystallizes in triclinic space group P1� . The asymmetric unit consists of 191 

discrete cation [Cu(HL)2]
2+ with one tri-iodide and one perchlorate as counter anions. Single-192 

crystal X-ray diffraction studies revealed that the cationic unit features a distorted octahedron 193 

structure having CuN4O2 core. Copper(II) is coordinated meridionally by one oxygen atom, 194 

O(1), one pyridyl nitrogen atom, N(1) and one imine nitrogen atoms, N(2) of a non-deprotonated 195 

semicarbazone ligand (HL) and one oxygen atom, O(2), one pyridyl nitrogen atom, N(5) and one 196 

imine nitrogen atoms, N(6) of another a non-deprotonated semicarbazone ligand (HL) to form 197 

bis-ligand complex (Figure 7). The C(7)–N(4) and C(14)–N(8) bond lengths {1.330(5) and 198 

1.324(6) Å} are shorter compared to the bond lengths of C(7)–N(3) and C(14)–N(7) {1.379(7) 199 

and 1.384(5) Å} respectively. On the other hand, C(7)–O(1) and C(14)–O(2) distances (1.250(5) 200 

and 1.243(5) Å) are in the range of carbon-oxygen double bond [40], which indicates the 201 

presence of non-deprrotonated (neutral) form of the semicarbazone Schiff base (HL)  in complex 202 

2, contrary to complex 1. 203 

These two ligands create two sets of chelate ring R1, R3 and R2, R4 (two chelate ring by 204 

each ligand) with central copper(II), where, each of the chelate rings shows slight deviations 205 

from their ideal planner orientation (Ring numbering refers to Scheme 2). The five atoms Cu(1), 206 

N(2), N(3), C(7), O(1) of ring R1
 and another five atoms of Cu(1), N(1), C(5), C(6), N(2) of ring 207 

R
3 show r.m.s. deviations -0.021(1), 0.030(2), -0.023(3), -0.006(4), 0.019(3) and -0.010(1), 208 

0.021(3), 0.002(3), -0.024(3), 0.012(4) respectively. On the other hand, five atoms Cu(1), N(6), 209 

N(7), C(14), O(2) of ring R2 and five atoms Cu(1), N(5), C(12), C(13), N(6) of ring R4 show 210 
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r.m.s. deviation -0.056(1), 0.065(4), -0.024(4), -0.060(4), 0.075(3) and -0.007(1), 0.002(3), 211 

0.005(4), -0.015(4), 0.014(3) respectively. The Cu–N [1.940(4), 1.993(4) and 2.077(4) Å] and 212 

Cu–O [2.154(3) Å] bond lengths in the equatorial plane are comparable with those in related 213 

copper(II) complexes [67–70]. However, the axial bond lengths [Cu(1)–O(2): 2.340(3) Å and 214 

Cu(1)–N(5): 2.237(3) Å] are longer than that in the equatorial plane, as a consequence of static 215 

Jahn-Teller effect.  216 

There are six hydrogen atoms, H(3), H(4A), H(4B), H(7), H(8A) and H(8B), available for 217 

hydrogen bonding interactions. Of these, H(3) and H(4B) are hydrogen bonded with two oxygen 218 

atoms, O(6) and O(5) respectively, of a perchlorate and H(4A) is hydrogen bonded with the 219 

iodine atom, I(1), of the tri-iodide counter anion. There is another hydrogen bond between the 220 

hydrogen atom, H(8A) and a symmetry related (◊=-x,1-y,2-z) iodine atom, I(3)◊ of a tri-iodide. 221 

On the other hand, H(8B) and H(7) form bifurcated hydrogen bonds with a symmetry related 222 

(☼=-1+x,-1+y,1+z) perchlorate oxygen atom, O(4)☼. H(7) is hydrogen bonded with O(1)† of a 223 

symmetry related (†=-x,-y,2-z) molecule. All these hydrogen bonding interactions are shown in 224 

Figure 8. The combination of all these hydrogen bonded interactions creates a two-dimensional 225 

self assembly (Figure 9). The detail geometric features of hydrogen bonding interactions are 226 

given in Table 4. 227 

The complex shows significant C–H·· ·π interactions and π· · ·π stacking. One aromatic 228 

hydrogen, H(1) of one (L)- creates intra-molecular C–H·· ·π interactions with the chelate ring R2 229 

of another (L)- present in the complex (Ring numbering refers to Scheme 2). Another aromatic 230 

hydrogen, H(10), attached with R
6 shows inter-molecular C–H·· ·π interactions with pyridine 231 

ring R
5
 of  symmetry related (-x,-y,1-z) molecule. There are four significant π· · ·π stacking 232 

present within the complex. Two chelate ring R
2
 and R

4 of one (L)- create two π· · ·π stacking 233 
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with R
4
 and R

2
 of a symmetry related (-x,-y,2-z) molecule and pyridine ring R

6 of same (L)- 234 

shows π· · ·π stacking with R
6
 of another symmetry related (-x,-y,1-z) molecule. Again one 235 

chelate ring R3 of another (L)- present in the complex shows π· · ·π stacking with R3 of symmetry 236 

related (-x,1-y,2-z) molecule. These C–H·· ·π interactions and π· · ·π stacking are shown in Figure 237 

10. Combinations of these supramolecular forces create self-assembled plane as shown in Figure 238 

11. Geometric features of C–H·· ·π interactions and π· · ·π stacking are given in Tables 6 and 7 239 

respectively. 240 

3.3. IR and electronic spectra and photo-physical study 241 

The infrared spectra of both complexes are quite similar with the ligand (HL). In the IR 242 

spectra of 1, 2 and HL, distinct bands due to azomethine (C=N) group appear at 1606, 1599 and 243 

1588 cm-1 whereas, bands for carbonyl (C=O) group are noticed at 1642, 1675 and 1692 cm-1 244 

respectively [44,71]. The sharp bands (doublet) for the asymmetric and symmetric stretching 245 

vibrations, due to the amino NH2 group appear at 3381, 3298 cm–1 (for 1), 3427, 3337 cm–1 (for 246 

2) and 3410, 3352 cm–1 (for HL) [72]. In the IR spectrum of 1, the appearance of a strong band 247 

at 2067 cm-1 indicates the presence of monodentate azide [73]. The sharp, strong, single peak at 248 

1088 cm-1 gives evidence for the presence of ionic perchlorate in the spectrum of 2 [74]. 249 

The electronic spectrum of complex 1 shows an absorption band at 671 nm which is 250 

assigned as d-d transition of square pyramidal copper(II) centre [75]. Complex 2 shows a single 251 

absorption band at 844 nm in the visible range, as also observed in other octahedral copper(II) 252 

complexes [76]. The electronic spectra of complexes 1 and 2 show absorption bands at 393 and 253 

388 nm respectively, which are characteristics of transition metal complexes with Schiff base 254 

ligands [77]. Another high energy bands are observed at 301, 300 and 312 nm for 1, 2 and HL 255 
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respectively. No other bands are observed at higher wavelength in the electronic spectrum of the 256 

ligand. 257 

Both the complexes exhibit emission in the visible region (427 nm for 1 and 423 nm for 258 

2) upon irradiation with UV-light (301 nm) in DMSO at room temperature. Ligand molecule 259 

(HL) also shows same type of emission band at 421 nm on irradiation at 312 nm in DMSO at 260 

room temperature. These emission bands can be attributed to intra-ligand fluorescent 1(π→π*) 261 

emission of the coordinated ligand [78]. The emission spectra are depicted in Figure 12. 262 

 263 

4. Conclusion 264 

              In the present work, we have used a semicarbazone Schiff base to prepare two copper(II) 265 

complexes. The ligand is acting as a tridentate ligand in complex 2, but is acting as tetradentate 266 

ligand in complex 1. The change in the denticity of the ligand is controlled by the presence of the 267 

counter anions in the medium. In absence of azide, the pH of the medium is relatively lower, and 268 

therefore, the deprotonation of the semicarbazone Schiff base is stopped and the ligand acts as a 269 

tridentate one to form an octahedral bis-ligand complex. On the other hand, when azide is added, 270 

the pH of the medium increases and the deprotonation of the ligand is favoured. The 271 

deprotonation makes the ligand tetradentate one and a polynuclear complex, 1, is formed. The 272 

isolation and crystal structure determination of complex 1 unambiguously show that the 273 

semicarbazone Schiff base, which is generally used as tridentate ligand, can also act as 274 

tetradentate ligand to form coordination polymers. Such bonding mode is unprecedented for 275 

these types of ligands. Thus it opens up new possibilities for the synthesis of several multinuclear 276 

complexes with semicarbazone Schiff bases. 277 

 278 



  

14 

 

Acknowledgments 279 

This work was supported by the DST, India under FAST Track Scheme (Order No. 280 

SR/FT/CS-118/2010, dated 15/02/2012). Dr. Arto Valkonen is kindly acknowledged for 281 

collecting the X-ray data of Complex 1. K.R. gratefully acknowledges the financial support from 282 

the Academy of Finland (project No’s., 122350. 140718, 256259, 265328 and 263256). 283 

 284 

Appendix A. Supplementary data 285 
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Table 1: Crystal data and structure refinement details in complexes 1 and 2 432 

Complex 1 2 

Formula C7H7CuN7O C14H16CuN8O6ClI3 

Formula Weight 268.74 872.04 

Crystal Size (mm) 0.06 x  0.18 x  0.25 0.08 x  0.17 x  0.30 

Temperature (K) 123 123 

Crystal  system Monoclinic Triclinic 

Space group P21/a P1� 

a(Å) 8.1285(3)    10.9546(5)    

b(Å) 11.1068(4)    10.9709(5)    

c(Å) 10.5660(4) 11.1885(4) 

α(deg) 90 106.675(4)    

β(deg) 100.282(2) 100.107(3)    

γ(deg) 90 104.824(4) 

Z 4 2 

dcalc (g cm-3) 1.902 2.415 

µ(mm-1) 2.316 4.931 

F(000) 540 818 

Total Reflections 4383    8147 

Unique Reflections 2330   4200  

Observed data [I > 2 σ (I)] 1808 3711 

R(int) 0.039 0.025 

R1, wR2 ( all data) 0.0684, 0.0982 0.0354, 0.0673 

R1, wR2 [I > 2 σ (I)] 0.0460, 0.0910 0.0300, 0.0641 

Largest diff. in peak and hole (eÅ-3) 0.79, -0.41  1.25, -0.93  

 433 

 434 

 435 



  

22 

 

 436 

 437 

 438 

Table 2: Selected bond lengths (Å) and bond angles (º) for complex 1. 439 

Bond lengths Bond angels 

Cu(1)-O(1) 1.975(2) O(1)-Cu(1)-N(1) 156.97(10)   N(1)-Cu(1)-N(3)* 102.36(10)    

Cu(1)-N(1) 2.014(3) O(1)-Cu(1)-N(2) 78.50(11)    N(1)-Cu(1)-N(5) 96.26(9)    

Cu(1)-N(2) 1.962(3) O(1)-Cu(1)-N(3)* 92.77(10)    N(2)-Cu(1)-N(3)* 104.22(10)    

Cu(1)-N(3)* 2.375(3) O(1)-Cu(1)-N(5) 99.31(9)    N(2)-Cu(1)-N(5) 159.62(10)    

Cu(1)-N(5) 2.000(2) N(1)-Cu(1)-N(2) 80.99(11)    N(3)*-Cu(1)-N(5) 96.11(10)   

 440 

 441 

 442 

Table 3: Selected bond lengths (Å) and bond angles (º) for complex 2. 443 

Bond lengths Bond angels 

Cu(1)-O(1) 2.154(3) O(1)-Cu(1)-O(2) 89.24(12)    O(2)-Cu(1)-N(6) 73.50(13) 

Cu(1)-O(2) 2.340(3) O(1)-Cu(1)-N(1) 155.19(15)   N(1)-Cu(1)-N(2) 79.32(16)    

Cu(1)-N(1) 2.077(4)     O(1)-Cu(1)-N(2) 76.54(14)    N(1)-Cu(1)-N(5) 97.05(13)    

Cu(1)-N(2) 1.940(4) O(1)-Cu(1)-N(5) 94.28(12)    N(1)-Cu(1)-N(6) 97.68(16) 

Cu(1)-N(5) 2.237(3) O(1)-Cu(1)-N(6) 106.35(14) N(2)-Cu(1)-N(5) 104.11(15)    

Cu(1)-N(6) 1.993(4)     O(2)-Cu(1)-N(1) 91.79(13)    N(2)-Cu(1)-N(6) 176.87(15)    

- - O(2)-Cu(1)-N(2) 105.57(13)   N(5)-Cu(1)-N(6) 77.05(15)    

- - O(2)-Cu(1)-N(5) 150.12(14)   - - 

 444 

 445 

 446 
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Table 4: Hydrogen bond distances (Å) and angles (º) for complexes 1 and 2. 447 

Complexes D–H·· ·A D–H D·· ·A H·· ·A ∠D–H···A 

1 
N(4)–H(4A)·· ·O(1)* 0.80(4) 2.839(4) 2.07(4) 161(4) 

N(4)–H(4B)·· ·N(7)∆ 0.79(4) 3.07(3) 2.30(5) 164(4) 

2 

N(3)–H(3)· · ·O(6) 0.87(4) 2.815(6)      1.97(4)  162(4)    

N(4)–H(4A)·· ·I(1) 0.85(5)      3.797(4)      2.99(4)  158(4) 

N(4)–H(4B)·· ·O(5) 0.85(5)      3.095(6)      2.28(5)   162(5)    

N(7)–H(7)· · ·O(4)☼ 0.85(4)      3.271(5) 2.57(4)       141(3) 

N(7)–H(7)· · ·O(1)† 0.85(4)      2.904(6) 2.27(4) 131(3) 

N(8)–H(8A)·· ·I(3)◊ 0.85(4)      3.976(4)      3.16(3) 162(3) 

N(8)–H(8B)·· ·O(4)☼ 0.85(4)      2.984(5) 2.19(4) 155(4) 

 448 

Symmetry element *= -1/2+x,1/2-y,z; ∆ = 1-x,-y,-z; ☼ = -1+x,-1+y,1+z;† = -x,-y,2-z;◊ = -x,1-y,2-449 

z; D, donor; H, hydrogen; A, acceptor. 450 

 451 

Table 5: Geometrical parameters (distances in Å and angles in °) of the cation·· ·π interactions in 1. 452 

Cg(I)· ·· ·M(Cation) Cg(I)· ·· ·M (Å) β (°) M·· ·Perp (Å) 

Cg(2)· · ·Cu(1)€ 3.698 20.26 3.469   

Cg(3)· · ·Cu(1)€ 3.753 21.38 3.753     

 453 

β = Cg(I)· ··M vector and normal to plane of Ring(I); M·· ·Perp = Perpendicular distance of M 454 

(Cation) on Ring(I); Cg(2) = centre of gravity of the ring R
2
 [Cu(1)–N(1)–C(5)–C(6)–N(2)], 455 

Cg(3) = centre of gravity of the ring R3
 [N(1)–C(1)–C(2)–C(3)–C(4)–C(5)]. Symmetry element 456 

€=1-x,-y,1-z. 457 

 458 
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Table 6: Geometric features (distances in Å and angles in °) of the C–H···π interactions in 1 and 2.   459 

Complexes C–H·· · ·Cg(Ring) H·· · ·Cg (Å) C–H·· · ·Cg (°) C·· · ·Cg (Å) 

1 

C(6)–H(6)·· ·Cg(2)* 2.80 3.557(4) 137 

C(6)–H(6)·· ·Cg(3)* 2.74 3.671(4) 167 

2 

C(1)–H(1)·· ·Cg(2) 2.95   3.276(5)      102 

C(10)–

H(10)· ··Cg(5)‡ 
2.85   3.765(5)      163 

 460 

Cg(2) = centre of gravity of the ring R2
 [Cu(1)–N(1)–C(5)–C(6)–N(2)], Cg(3) = centre of gravity of the 461 

ring R
3
 [N(1)–C(1)–C(2)–C(3)–C(4)–C(5)] for 1 and Cg(2) = centre of gravity of the ring R

2
 [Cu(1)–462 

O(2)–C(14)–N(7)–N(6)], Cg(5) = centre of gravity of the ring R3
 [N(1)–C(1)–C(2)–C(3)–C(4)–C(5)] for 463 

complex 1  for 2. Symmetry element *= -1/2+x,1/2-y,z; ‡ = -x,-y,1-z. 464 

 465 

 466 

 467 

 468 

 469 

 470 

 471 

 472 
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Table 7: Geometric features (distances in Å and angles in °) of the π· · ·π stacking in 1 and 2. 474 

Complex Cg(I)····Cg(J) Cg··· ·Cg α Cg(I)···Perp Cg(J)·· ·Perp Slippage 

1 

Cg(1)·· ·Cg(3)€ 3.369(2) 5.8(1) 3.325(1) 3.319(1) - 

Cg(2)·· ·Cg(2)€ 3.575(2) 0 3.446(1) 3.446(1) 0.951 

Cg(3)·· ·Cg(1)€ 3.369(2) 5.8(1) 3.320(1) 3.325(1) - 

2 

Cg(2)·· ·Cg(4)† 3.586(2) 3.9(2) 3.157(2) 3.220(2) - 

Cg(3)·· ·Cg(3)◊ 3.789(2) 0 3.269(2) 3.269(2) 1.917 

Cg(4)·· ·Cg(2)† 3.586(2) 3.9(2) 3.220(2) 3.157(2) - 

Cg(6)·· ·Cg(6)‡ 3.865(2) 0 3.639(2) 3.639(2) 1.301 

 475 

α = Dihedral Angle between ring (I) and ring (J); Cg(I)· ··Perp = Perpendicular distance of Cg(I) 476 

on ring (J); Cg(J)· · ·Perp = Perpendicular distance of Cg(J) on ring (I); Slippage = Distance 477 

between Cg(I) and perpendicular projection of Cg(J) on ring (I); Cg(1) = centre of gravity of the 478 

ring R1
 [Cu(1)–O(1)–C(7)–N(3)–N(2)], Cg(2) = centre of gravity of the ring R2

 [Cu(1)–N(1)–479 

C(5)–C(6)–N(2)], Cg(3) = centre of gravity of the ring R3
 [N(1)–C(1)–C(2)–C(3)–C(4)–C(5)] for 480 

1 and  Cg(2) = centre of gravity of the ring R
2
 [Cu(1)–O(2)–C(14)–N(7)–N(6)], Cg(3) = centre of 481 

gravity of the ring R3
 [Cu(1)–N(1)–C(5)–C(6)–N(2)], Cg(4) = centre of gravity of the ring R4

 482 

[Cu(1)–N(5)–C(12)–C(13)–N(6)], Cg(6) = centre of gravity of the ring R
6
 [N(5)–C(8)–C(9)–483 

C(10)–C(11)–C(12)] for 2. Symmetry element €=1-x,-y,1-z; † = -x,-y,2-z; ‡ = -x,-y,1-z; ◊ = -x,1-484 

y,2-z, ‡ = -x,-y,1-z. 485 

 486 
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 489 

 490 

 491 

Figure 1: Perspective view of the asymmetric unit of 1 with selective atom labeling scheme. 492 

Hydrogen atoms are shown as spheres of arbitrary radius. 493 

 494 
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 499 

 500 

 501 

Figure 2: A perspective view of polymeric stair-like structure of complex 1. Symmetry element: * = 502 

1/2+x,1/2-y,z. 503 
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 508 

Figure 3: Hydrogen bonding interactions in 1. Symmetry element *= -1/2+x,1/2-y,z; ∆ = 1-x,-y,-z; 509 
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 518 

 519 

Figure 4: Perspective view of the two-dimensional hydrogen bonded self assembly in 1. The hydrogen 520 

atoms participating in hydrogen bond have only been shown for clarity. 521 
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 526 

 527 

Figure 5: C-H···π interactions (A) and π· · ·π stacking, cation···π interactions (B) in 1. Symmetry 528 

element €=1-x,-y,1-z. 529 
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 532 

 533 

 534 

Figure 6: A perspective view of two-dimensional supramolecular self assembly in 1 highlighting π· · ·π 535 

stacking, C-H···π and cation···π interactions. Hydrogen atoms participating in C-H···π interactions have 536 

only been shown for clarity. 537 
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 540 

 541 

 542 

Figure 7: Perspective view of the asymmetric unit of 2 with selective atom labeling scheme. 543 

Counter anions have been omitted for clarity. Hydrogen atoms are shown as spheres of arbitrary 544 

radius. 545 
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 549 

 550 

 551 

Figure 8: Hydrogen bonded interactions in 2. Symmetry element: ☼ = -1+x,-1+y,1+z; † = -x,-y,2-z; 552 

◊ = -x,1-y,2-z. 553 
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 559 

 560 

Figure 9: A perspective view of two-dimensional hydrogen bonded self assembly in 2. The hydrogen 561 

atoms participating in hydrogen bonding have only been shown for clarity. 562 
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 566 

Figure 10: A perspective view of C-H···π interactions (A) and π· · ·π stacking (B) in complex 2.  567 
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 572 

 573 

Figure 11: A perspective view of two-dimensional supramolecular self assembly of 2 highlighting π· · ·π 574 

stacking and C-H···π interactions. 575 
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 581 

 582 

Figure 12: Photoluminescence spectra of 1, 2 and HL in DMSO at room temperature. 583 
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Two copper(II) complexes have been prepared using a flexidentate semicarbazone Schiff 602 

base. The formation of the complexes with different stereochemistry could be controlled by the 603 

tactful choice of counter anions. 604 
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