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Abstract: A series of metal complexes of one Co(II), three Ni(II), one Cu(II), and one Zn(II) with (1-(1-

hydroxypropan-2-ylidene) thiosemicarbazide (H2L) have been synthesized and successfully characterized using 

various spectroscopic methods. A single X-ray diffraction technic determined the complexes' molecular structures. 

The ligand which acts in tridentate fashion afforded complexes formulated respectively as [Co(H2L)2](NO3)2 (1), 

[Ni(H2L)2](ClO4)2
.2H2O (2), [Ni(H2L)2](NO3)2 (3), [Ni(HL)(H2L)](NO3).0.75(H2O) (4), [Cu(H2L)Cl](Cl).0.5H2O 

(5), and [Zn(H2L)2](ClO4)2
.2H2O (6). These compounds have been studied and characterized by elemental analysis, 

IR and UV-Vis spectroscopies, molar conductivity, and room-temperature magnetic measurements. The structures 

of the six complexes have been resolved by X-ray crystallography technique. The asymmetric unit of complex 1 

contains two mononuclear cationic units in which the two ligand molecules of each unit act in their neutral forms 

in a tridentate fashion. In the mononuclear complexes 2, 3, and 6, the asymmetric units contain one cationic unit 

in which the two ligand molecules act in neutral forms in -3 modes. In complex 4, the asymmetric unit has one 

cationic unit in which one ligand molecule acts in a tridentate fashion in its neutral form. In contrast, the second 

ligand molecule acts tridentate in its mono-deprotonated form. In complex 5, the asymmetric unit contains one 

complex molecule in which the copper(II) ion is linked to one neutral ligand molecule in -3 mode and two terminal 

chloride anions. In complexes (1-4) and (6), the environments around the metal are best described as octahedral 

geometries. In contrast, the environment around the Cu(II) in complex (5) is best described as a square planar 

geometry. Hydrogen bonds consolidated the structures of all the complexes. 
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1. Introduction: 

The condensation reaction between 

thiosemicarbazide and a carbonyl compound obtains 

the Schiff bases containing semicarbazone or 

thiosemicarbazone moieties. These compounds have 

been extensively studied due to their interesting 

biological properties, analytical applications, and 

exciting chemical and structural properties of metal 

ions 1–6. They possess a wide spectrum of biological 

activities such as antioxidant 7,8, antitumor 8,9, 

antituberculosis 10,11, antifungal 10,12, antibacterial 10,13, 

analgesic 14, antiviral, and antimalarial 1,2. In search of 

potential antitumor drug candidates, a series of 

thiosemicarbazide ligands obtained by the addition of 

4-(2-pyridyl)-3-thiosemicarbazide with (phenyl and 

benzoyl) isothiocyanate and phenyl isocyanate has 

been reported in the literature. Interesting physical 

properties are reported when the Schiff bases ligand 

derived from thiosemicarbazide are combined with 

metal ions 15–17. Transition metals and lanthanide 

complexes have been reported in the literature 

because of their physical properties such as 

magnetism 18–20, fluorescence 21–23 or catalytic 24–26. 

In this context, we report the synthesis and structural 

characterization of the Ni(II), Co(II), and Zn(II) 

complexes derived from 1-(1-hydroxypropan-2-

ylidene)thiosemicarbazide (H2L, Fig. 1). The ligand 

has been fully characterized using NMR and IR 

spectroscopies, and elemental analysis. In addition, 

the complexes have been studied and described by 

infrared, ultraviolet-visible (UV-Vis) spectroscopies, 

conductivity, and magnetic susceptibility at low 

temperatures.  X-ray diffraction analysis also reports 

the molecular structures of the complexes and the 

thiosemicarbazone ligand (H2L, Fig. 1). 

 

2. Experimental section 

2.1. Material and procedures 

Thiosemicarbazide, 1-hydroxyacetone, zinc (II)  
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perchlorate hexahydrate, nickel (II) perchlorate 

hexahydrate, nickel (II) nitrate hexahydrate, and 

cobalt (II) nitrate hexahydrate were purchased from 

Sigma-Aldrich and used as received without further 

purification. The solvents were reagent grade and 

were purified by usual methods. Elemental analyses 

of C, H, and N were recorded on a Vario EL 

Instrument. The IR spectra were recorded on an FTIR 

Spectrum Two of Perkin Elmer (4000–400 cm-1). The 

UV–Vis spectra were run on a Perkin-Elmer 

UV/Visible spectrophotometer Lambda 365 (1000–

200 nm). The Schiff base's 1H and 13C NMR spectra 

were recorded in DMSO-d6 on a BRUKER 500 MHz 

spectrometer at room temperature using TMS as an 

internal reference. The molar conductance of 10-3 M 

solutions of the metal complexes in DMF was 

measured at 25°C using a WTW LF-330 conductivity 

meter with a WTW conductivity cell. Magnetic 

measurements for complexes were performed at room 

temperature by using a Johnson Mattey scientific 

magnetic susceptibility balance (Calibrant: 

Hg[Co(SCN)4]). 

 

2.2. Synthesis of ligand 1-(1-hydroxypropan-2-

ylidene) thiosemicarbazide (H2L)  

The compound H2L is synthesized using the method 

reported by Netalkar et al. 27 with a slight 

modification. In a 250 mL flask containing 30 mL of 

methanol, 0.0219 mol (2 g) was introduced. A 

methanol solution containing 0.0219 mol (1.503 mL) 

of 1-hydroxyacetone was added, and the mixture was 

refluxed for 4 hours. On cooling, the beige solution 

gives a white residue, which is recovered by filtration, 

washed with 2×20 mL of methanol, then 20 ml of 

diethyl ether, and dried in a desiccator. Yield: 80 %. 

m.p: 175-176 °C. FT-IR (KBr, ν, cm-1): 3380, 3217, 

3164, 3139, 3031, 1603, 1538, 1453, 1449, 1400, 

1372, 1311, 1258, 1116, 1068, 1056, 985, 879, 791, 

721, 627, 536, 498. 1H NMR         (500 MHz, DMSO-

d6, δ, ppm): 10.01 (s, 1H, NH), 7.90-8.06 (s, 2H, NH2), 

4.88 (s, 1H, OH), 4.01 (s, 2H, -CH2-OH), 1.87 (S, 3H, 

-CH3). 13CNMR (125 MHz, DMSO-d6, δ, ppm): 

14.15 (-CH3), 65.36 (-CH2-OH), 153.08 (C=N), 

179.54 (C=S). Anal. calc. for C4H9N3OS: C, 32.64;           

H, 6.16; N, 28.55 %. Found: C, 32.61; H, 6.14;              

N, 28.51%. UV-Vis (λmax, nm): 277.

 

 

Figure 1. Synthetic route of H2L and its metal transition complexes 
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2.3. Synthesis of the complex [Co(H2L)2](NO3)2 (1) 

To a methanolic solution (10 mL) of the ligand H2L 

0.148 g (1 mmol), a solution of the                       

Co(NO3)2
.6H2O 0.291 g (1 mmol) in methanol       (10 

mL) was added. The obtained solution was stirred at 

room temperature for one hour and then filtered. The 

brown filtrate was left to slow evaporation, and brown 

crystals suitable for X-ray analysis were formed after 

one week. Yield 61.4 %. Anal. Calc for 

C16H36Co2N16O16S4: C, 20.13; H, 3.80; N, 23.47; 

S,13.43 %. Found: C, 20.11; H, 3.69;         N, 23.44; 

S, 13.41 %. IR (cm-1): 3378 (OH), 3308 (NH2), 3158 

(N-H), 1607 (C=N), 1380 (NO3), 1228 (C=S), 1035 

(C-O). UV–Vis (λmax, DMF solution, nm): 225, 298, 

402, 532, 1080. Ʌ (Ω−1 cm2 mol−1): 135 (fresh solution) 

and 165 (two weeks after).     µeff= 5.9 µB. 

2.4. Synthesis of the complex [Ni(H2L)2] 

(ClO4)2
.2H2O (2)  

The procedure used for the synthesis of (1) was used: 

Ni(ClO4)2
.6H2O 0.363 g (1 mmol) instead of 

Co(NO3)2.6H2O. The green filtrate was left to slow 

evaporation, and green crystals suitable for X-ray 

analysis were formed after seven days. Yield 89.3 %. 

Anal. Calc for C8H22Cl2N6NiO12S2: C, 16.34; H, 3.77; 

N, 14.29; Cl, 12.06; S, 10.91 %. Found: C, 16.31; H, 

3.75; N, 14.26; Cl, 12.03; S, 10.88 %. IR (cm-1):  3400 

(OH), 3300 (NH2), 3153 (N-H), 1612 (C=N), 1230 

(C=S), 1049 (C-O), 1070 and 620 (ClO4).      UV–Vis 

(λmax, DMF solution, nm): 227, 295, 405, 544, 880. 

Ʌ (Ω−1cm2mol−1): 155 (fresh solution) and 165 (two 

weeks after). µeff= 3.37 µB.  

 

2.5. Synthesis of the complex [Ni(H2L)2](NO3 )2 (3) 

and [Ni(HL)(H2L)](NO3).0.75(H2O) (4) 

The procedure used for the synthesis of (1) was used: 

Ni(NO3)2
.6H2O 0.290 g (1 mmol) instead 

Co(NO3)2.6H2O. The green filtrate was left to slow 

evaporation, and two types of green crystals suitable 

for X-ray diffraction were formed after 5 days. 

(3) : Yield 38.3 %. Anal. Calc. for C8H18N8NiO8S2: C, 

20.14; H, 3.80; N, 23.49; S, 13.44 %. Found: C, 20.12; 

H, 3.77; N, 23.47; S, 13.41 %. IR (cm-1): 3354 (OH), 

3256 (NH2), 3154 (N-H), 1639 (C=N), 1380 (NO3), 

1238 (C=S), 1048 (C-O). UV–Vis (λmax, DMF 

solution, nm): 228, 296, 395, 402, 550, 771 (large). Ʌ 

(Ω−1 cm2 mol−1): 150 (fresh solution) and 170 (two 

weeks after). µeff= 3.46 µB. 

 (4) : Yield 38.9 %. Anal. Calc. for NiC8H18.5N7O5.75S2: 

C, 22.47; H, 4.36; N, 22.93; S, 15.00 %. Found: C: 

22.45; H, 4.33; N, 22.90; S, 14.97 %. IR (cm-1): 3350 

(OH), 3251 (NH2), 3148 (N-H), 1634 (C=N), 1380 

(NO3), 1238 (C=S), 1040 (C-O). UV–Vis (λmax, 

DMF solution, nm): 228, 295, 392, 403, 540, 770 

(large). Ʌ (Ω−1 cm2 mol−1): 65 (fresh solution) and 75 

(two weeks after). µeff= 3.49 µB. 

 

2.6. Synthesis of the complex [Cu(H2L)Cl] 

(Cl).0.5H2O (5) 

The procedure used for the synthesis of (1) was used: 

CuCl2
.6H2O 0.17048 g (1 mmol) instead of 

Co(NO3)2.6H2O. The green filtrate was left to slow 

evaporation, and green crystals suitable for X-ray 

analysis were formed after one week. Yield 86.7 %. 

Anal. Calc for C4H10Cl2CuN3O1.5S: C, 16.53; H, 3.47; 

N, 14.46; S, 11.03 %. Found: C, 16.50; H, 3.44; N, 

14.49; S, 11.00 %. IR (cm-1):  3402 (OH), 3310 (NH2), 

3160 (N-H), 1593 (C=N), 1246 (C=S), 1105 (C-O). 

UV–Vis (λmax, DMF solution, nm): 227, 298, 398, 

407, 591. Ʌ (Ω−1 cm2 mol−1): 65.7 (fresh solution) and 

67.8 (two weeks after). µeff= 1.69 µB

 

2.7. Synthesis of the complex [Zn(H2L)2] 

(ClO4)2
.2H2O (6) 

The procedure used for the synthesis of (1) was used: 

Zn(ClO4)2
.6H2O 0.370 g (1 mmol) instead of 

Co(NO3)2
.6H2O. The filtrate was left to slow 

evaporation, and yellow crystals suitable for X-ray 

analysis were formed after a few days. Yield 73.1 %. 

Anal. Calc for C8H22Cl2N6O12S2Zn: C, 16.16; H, 3.73; 

N, 14.13; Cl, 11.92; S, 10.78 %. Found: C, 16.14; H, 

3.71; N, 14.10; Cl, 11.989; S, 10.76 %.     IR (cm-1):  

3357(OH), 3252 (NH2), 3155 (N-H), 1592 (C=N), 

1252 (C=S), 1045 (C-O), 1069 and 619 (ClO4.         

UV–Vis (λmax, DMF solution, nm): 225, 302, 398, 

405. Ʌ (Ω−1 cm2 mol−1): 135 (fresh solution) and 143 

(two weeks after). 

2.8. X-ray data collection, structure 

determination, and refinement  

Single crystals 1, 2, and 3 were grown by slow 

evaporation of the methanol solution of the 

corresponding complex. Suitable crystals were 

selected and mounted on a Rigaku Oxford Diffraction 

Super Nova diffractometer at the MoKα radiation for 

compounds 1 and at the CuKα radiation for 

compounds 2, 3, and 4. The crystallographic details 

of compounds 1-6 are summarized in Table 1. Using 

Olex2 28, the structure was solved with the SHELXT 29 

structure solution program using direct methods and 

refined with the SHELXL 30 refinement package. 

Molecular graphics were generated using ORTEP-3 31. 

Additional material from the Cambridge 

Crystallographic Data Center comprises thermal 

parameters and remaining bond distances and angles 

(CCDC No. 2237952 (1), 2237949 (2), 2237953 (3), 

2237950 (4), 2237951 (5), 2237948 (6)). These data 

can be obtained free of charge from The Cambridge 

Crystallographic Data Center (CCDC), 12 Union 

Road, Cambridge CB2 IEZ, UK (fax +44(0)1223-

336033; e-mail: deposit@ccdc.cam.ac.UK). 
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Table 1. Crystal data and structure refinement for 1, 2, 3, 4, 5 and 6. 

Chemical formula (C8H18N6O2S2Co)(NO3)2 
(1) 

(C8H18N6O2S2Ni)(ClO4)2·2(H2O) 
(2) 

(C8H18N6O2S2Ni)(NO3)2 
(3) 

(C8H17N6O2S2Ni)(NO3)·0.75(H2O) 
(4) 

(C4H9ClN3OSCu)(Cl)·0.5(H2O 
(5) 

(C8H18N6O2S2Zn)(ClO4)2·2(H2O) 
(6) 

Mr 477.35 588.04 477.13 427.63 290.65 590.67 

Crystal system  Triclinic Triclinic Monoclinic Triclinic Monoclinic Monoclinic 

Space group Pī Pī C2/c Pī C2/c C2/c 

Temperature (K) 295 100 295 295 298 295 

a (Å) 10.3804(4) 8.8727(1) 19.7378(7) 7.9088(1) 14.2234(3) 11.6585 (2) 

b (Å) 13.9213(8) 9.0916(2) 7.0598(3) 10.4179(2) 9.4153(2) 12.6963 (2) 

c (Å) 13.9663(6) 13.305(2) 13.0908(6) 10.7762(2) 15.4526(3) 16.2641 (3) 

 (°) 89.978(4) 86.386(1) - 81.872(2) - - 

 (°) 70.313(4) 81.391(1) 94.972(3) 83.565(1) 92.811(2) 108.804 (2) 

 (°) 82.784(4) 85.498(1) - 76.729(2) - - 

V (Å3) 1883.33(16) 1060.09(3) 1817.27(13) 852.57(3) 2066.88(7) 2278.92 (7) 

Z 4 2 4 2 8 4 

Radiation type Mo Kα Mo Kα Mo Kα Cu Kα Mo Kα Cu Kα 

µ (mm-1) 1.19 1.43 1.36 4.31 2.80 5.99 

Crystal size (mm) 0.26 × 0.16 × 0.11 0.17 × 0.07 × 0.06 0.50 × 0.20 × 0.08 0.28 × 0.17 × 0.10 0.12 × 0.12 × 0.05 0.19 × 0.13 × 0.05 

Tmin, Tmax 0.888, 1.000 0.631, 1.000 0.520, 1.000 0.673, 1.000 0.799, 1.000 0.525, 1.000 

No. of measured reflections 19381 29887 9590 24294 15840 7364  

No. of independent reflections 8164 5466 2096 3343 2301 2193 

No. of observed [I > 2σ(I)] reflections 3404 4955 1836 3120 2059 2021 

Rint 0.024 0.031 0.035 0.036 0.027 0.039 

 R[F2 > 2σ(F2)] 0.045 0.029 0.037 0.029 0.028 0.057 

wR(F2) 0.168 0.085 0.094 0.079 0.078 0.177 

S 1.04 1.07 1.05 1.04 1.07 1.08 

No. of parameters 503 297 127 225 122 149 

No. of restraints 12 0 3 6 3 3 

Δρmax, Δρmin (e Å−3) 0.44, -0.31 0.79, -0.92 0.63, -0.45 0.32, -0.35 0.67, -0.27 0.77, −0.57 
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3. Results and Discussion 
 

3.1. Crystal structure of [Co(H2L)2](NO3)2 (1)  

The compound crystallizes in the triclinic system with the 

space group of Pī. The selected bond distances and angles 

are listed in Table 2, and the ORTEP representation of the 

structure is illustrated in Fig. 2. The asymmetric unit 

contains two Co2+ cations, four non-deprotonated ligands, 

and four uncoordinated nitrate anions. Two ligand 

molecules coordinate each Co2+ cation through their 

azomethine nitrogen atoms, alcoholic oxygen atoms, and 

thione sulfur atoms resulting in an N2O2S2 core. The 

environment of each hexacoordinated cobalt cation is best 

described by an octahedral geometry in which the basal 

plane is occupied by two azomethine nitrogen atoms, one 

thione sulfur atom, and one alcoholic oxygen atom (N3, N6, 

S1, and O1 for Co1; N9, N12, S3, and O4 for Co2) and the 

apical positions being occupied by one thione sulfur atom 

and one alcoholic oxygen atom (S2 and O2 for Co1; S4 and 

O3 for Co2). The transoid angles are S1—Co1—O1 = 

154.50(11)°, (N3—Co1—N6 = 156.63(13)°, S3—Co2—

O4 = 154.42(12)° and N9—Co2—N12 = 156.74(14)°. The 

cissoid angles in the basal planes are in the range 

[74.08(13)°-116.25(11)°]. The angles subtended by the 

atoms in apical positions are S2—Co1—O2 = 157.37(11)° 

and S4—Co2—O3 = 154.43(10)°. The values of these 

angles deviate severely from the ideal values of 90° and 

180° expected for a perfect octahedral geometry. The 

geometry around the hexacoordinated Co1 and Co2 is 

strongly distorted. In each Co, the two coordinated ligands 

are quite planar (RMS 0.058 and 0.0566 (Co1); 0.0793 and 

0.3333 (Co2)) and for form dihedral angle of 80.248(6)° 

(Co1) and 72.914()° (Co2). The distances Co—S, Co—N, 

and Co—O falls in the range [2.4252(14) Å-2.4278(14) Å], 

[2.077(3) Å -2.088(2) Å] and [2.097(3) Å -2.113(3) Å] 

respectively and agree with the values reported for similar 

compounds 32–34. 

Each mononuclear Co(II) molecule complex is connected 

to another complex molecule by hydrogen bonding 

interactions leading to the formation of a supramolecular 

chain structure propagating along the a axis. The chains are 

connected by hydrogen bonding interaction of type N—

H···O, O—H···O, and O—H···N. The uncoordinated 

nitrate anion act via hydrogen bonds as a bridge between 

the chains, leading to a 3D supramolecular structure     (Fig. 

3, Table 3). 

 

 

Figure 2. ORTEP view of compound 1 

 

Table 2. Selected geometric parameters (Å, °). 

Atoms Distance Atoms Distance 

Co1—S1 2.4275 (14) Co2—S3 2.4257 (13) 

Co1—S2 2.4252 (14) Co2—S4 2.4278 (14) 

Co1—N3 2.077 (3) Co2—N12 2.082 (3) 

Co1—N6 2.083 (3) Co2—N9 2.088 (3) 

Co1—O1 2.113 (3) Co2—O3 2.110 (3) 

Co1—O2 2.109 (3) Co2—O4 2.097 (3) 

Atoms Angle Atoms Angle 

S2—Co1—S1 90.73 (5) S3—Co2—S4 90.82 (5) 
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N3—Co1—S1 80.86 (10) N12—Co2—S3 116.00 (10) 

N3—Co1—S2 116.42 (11) N12—Co2—S4 81.05 (11) 

N3—Co1—N6 156.63 (13) N12—Co2—N9 156.74 (14) 

N3—Co1—O1 74.35 (13) N12—Co2—O3 74.12 (14) 

N3—Co1—O2 89.18 (15) N12—Co2—O4 89.56 (14) 

N6—Co1—S1 116.25 (11) N9—Co2—S3 81.06 (10) 

N6—Co1—S2 80.84 (10) N9—Co2—S4 116.02 (10) 

N6—Co1—O1 89.23 (14) N9—Co2—O3 89.52 (14) 

N6—Co1—O2 74.23 (13) N9—Co2—O4 74.08 (13) 

O1—Co1—S1 154.50 (11) O3—Co2—S3 94.54 (13) 

O1—Co1—S2 94.89 (13) O3—Co2—S4 154.43 (10) 

O2—Co1—S1 94.92 (13) O4—Co2—S3 154.42 (10) 

O2—Co1—S2 154.37 (11) O4—Co2—S4 94.63 (13) 

O2—Co1—O1 90.70 (19) O4—Co2—O3 91.24 (19) 

 

 

Figure 3.  Crystal packing observed in compound 1 

 

Table 3. Hydrogen-bond geometry (Å, °). 

D—H···A D—H H···A D···A D—H···A 

N11—H11···O11i 0.86 2.06 2.896 (5) 165.1 

N8—H8···O10 0.86 2.07 2.907 (5) 164.5 

N5—H5···O5i 0.86 2.06 2.901 (5) 164.9 

O3—H3···O13 0.857 (9) 2.396 (18) 3.115 (5) 142 (2) 

O3—H3···N15 0.857 (9) 2.477 (13) 3.317 (6) 166 (3) 
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O3—H3···O12 0.857 (9) 1.912 (19) 2.725 (5) 158 (5) 

N2—H2···O15ii 0.86 2.06 2.898 (5) 165.8 

O4—H4···N16 0.853 (9) 2.493 (14) 3.324 (6) 165 (3) 

O4—H4···O14 0.853 (9) 2.46 (2) 3.139 (5) 137 (3) 

O4—H4···O16 0.853 (9) 1.903 (11) 2.736 (5) 165 (2) 

O1—H1···O8 0.854 (9) 2.423 (19) 3.127 (5) 140 (2) 

O1—H1···N14 0.854 (9) 2.469 (12) 3.302 (5) 165 (3) 

O1—H1···O9 0.854 (9) 1.905 (18) 2.721 (5) 159 (4) 

O2—H2A···O6 0.858 (9) 2.427 (17) 3.140 (5) 141 (2) 

O2—H2A···O7 0.858 (9) 1.92 (2) 2.735 (5) 157 (5) 

O2—H2A···N13 0.858 (9) 2.484 (14) 3.318 (6) 164 (3) 

N7—H7D···O9 0.86 2.07 2.913 (6) 166.3 

N7—H7E···O7i 0.86 2.54 3.348 (6) 156.1 

N7—H7E···N13i 0.86 2.69 3.493 (6) 156.3 

N7—H7E···O5i 0.86 2.44 3.206 (7) 148.7 

N1—H1A···O16ii 0.86 2.07 2.913 (6) 166.0 

N1—H1B···N15iii 0.86 2.68 3.488 (6) 156.6 

N1—H1B···O12iii 0.86 2.55 3.352 (6) 155.8 

N1—H1B···O11iii 0.86 2.44 3.210 (7) 149.1 

N4—H4A···O7i 0.86 2.08 2.924 (5) 166.8 

N4—H4B···N16iii 0.86 2.69 3.498 (6) 157.3 

N4—H4B···O15iii 0.86 2.44 3.211 (7) 149.3 

N4—H4B···O16iii 0.86 2.53 3.331 (6) 156.3 

N10—H10A···O12i 0.86 2.08 2.918 (5) 165.8 

N10—H10B···N14i 0.86 2.67 3.479 (6) 156.7 

N10—H10B···O9i 0.86 2.55 3.351 (6) 156.2 

N10—H10B···O10i 0.86 2.45 3.223 (7) 149.1 

 

3.2. Crystal structure of [Ni(H2L)2](ClO4)2
.2H2O   (2)  

The hexacoordinated Ni(II) compound 2 crystallizes with 

the space group Pī in the triclinic system. The selected 

bond distances and angles are listed in Table 4, and the 

ORTEP representation of 2 is shown in Fig. 4. The 

asymmetric unit of the crystal structure of compound 2 

contains one [Ni(H2L)2]2+, two uncoordinated perchlorate 

anions ClO4
-, and two free water molecules. The two ligand 

molecules act tridentate through the azomethine nitrogen 

atom, the sulfur atom, and the alcoholic oxygen atom. Thus, 
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the Ni2+ cation is situated in an N2O2S2 inner, and its 

coordination sphere is best described as a severely distorted 

octahedral polyhedron. The equatorial plane is occupied by 

the two sulfur atoms and the two oxygen atoms of the 

ligand. The two imino nitrogen atom occupies the axial 

positions with 168.01(6)° [N1—Ni1—N4]. The cissoid 

angle values in the equatorial plane are in the range [85.93 

(5)°—97.473 (18)°] with the sum value of the angles of  

356.43°. The transoid angles values are O1—Ni1—S1 = 

159.24 (4)° and O2—Ni1—S2 = 160.45 (4)°. These values 

deviate severely from the ideal values, indicating strong 

distortion from the ideal octahedral geometry. These angle 

values are comparable to those of a similar compound 

[Ni(H2L)2].[(SCN)2. Each h3-H2L forms two five-

membered rings of type NiSCNN and NiOCCN with bite 

angles of 84.11 (4)° and 75.57 (5)° for one ligand and  

83.53 (4)° and 77.40 (6)° for the second ligand. In each 

ligand, the two five-membered rings are almost planar 

NiSCNN (rms: 0.0462 Å and 0.0173 Å) and NiOCCN (rms: 

0.1098 Å and 0.0647 Å). The two five-membered rings 

relative to the ligand are twisted and form dihedral angles 

of 7.875 (1)° and 3.143 (1)°. The mean planes of the two 

ligand molecules around the Ni1 ions are quite 

perpendicular with a dihedral angle of 83.520 (1)°. The 

Ni—S distances [2.3748(5) Å and 2.3846(5) Å] and the 

C—S distances [1.6985(18) Å and 1.6985(18) Å] indicate 

clearly that the compound acts in its thione form 35. The 

Ni—O distances [2.1530(13) Å and 2.1587(13) Å] are 

comparable to the analogous bond reported for               

compound 36. The perchlorate anions are tetrahedral, and 

one oxygen atom of one of the perchlorate anions is 

disordered, with two sites having occupancies of 0.25 and 

0.75. 

 

 

Figure 4. ORTEP view of the compound 2 

 

Table 4. Selected geometric parameters (Å, °). 

Atoms Distance Atoms Distance 

Ni1—S2 2.3846 (5) Ni1—N1 2.0133 (15) 

Ni1—S1 2.3748 (5) S2—C8 1.6985 (18) 

Ni1—O2 2.1587 (13) S1—C4 1.6977 (18) 

Ni1—O1 2.1530 (13) O2—C5 1.428 (2) 

Ni1—N4 2.0152 (15) O1—C1 1.435 (2) 

Atoms Angle Atoms Angle 
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S1—Ni1—S2 97.473 (18) N4—Ni1—O2 77.40 (6) 

O2—Ni1—S2 160.45 (4) N4—Ni1—O1 96.98 (5) 

O2—Ni1—S1 90.83 (4) N1—Ni1—S2 105.85 (4) 

O1—Ni1—S2 92.19 (4) N1—Ni1—S1 84.11 (4) 

O1—Ni1—S1 159.24 (4) N1—Ni1—O2 92.54 (5) 

O1—Ni1—O2 85.93 (5) N1—Ni1—O1 75.57 (5) 

N4—Ni1—S2 83.53 (4) N1—Ni1—N4 168.01 (6) 

N4—Ni1—S1 102.32 (4)   

 

Table 5. Hydrogen-bond geometry (Å, °). 

D—H···A D—H H···A D···A D—H···A 

O2—H2···O6 0.84 1.98 2.797 (2) 163.9 

O1—H1···O10i 0.84 2.08 2.8348 (19) 148.5 

O11—H11A···O6ii 0.87 2.02 2.876 (2) 166.5 

O11—H11B···O5iii 0.87 2.10 2.881 (2) 149.0 

O12—H12A···O10 0.87 2.05 2.884 (2) 159.1 

N2—H2A···O11iv 0.88 1.98 2.805 (2) 155.3 

N5—H5···O12iii 0.78 (3) 2.00 (3) 2.742 (2) 159 (3) 

Symmetry codes: (i) −x+1, −y, −z+1; (ii) −x+1, −y, −z+2; (iii) x+1, y, z; (iv) −x+1, −y+1, −z+2. 

 

 

Figure 5. Packing diagram of complex 2 viewed along the a-axis 

 

Intramolecular hydrogen bonds involving the OH of the 

coordinated alcoholic group or free water molecule as 

donors and oxygen atoms of free perchlorate anions as 

acceptors are observed (O2—H2···O6 and O12—

H12A···O10). In addition, intermolecular hydrogen bonds 

involving the hydrazinyl NH moiety, the hydroxyl group 
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of the coordinated ligand or the free water molecule as 

donors, and oxygen atoms of free perchlorate anions as 

acceptor are observed (O1—H1···O10i, O11—

H11A···O6ii, O11—H11B···O5iii, N5—H5···O12iii, N2—

H2A···O11iv) (Table 5, Fig. 5). 

3.3. Crystal structure of [Ni(H2L)2](NO3)2 (3)  

The X-ray structure determination of compound 3 derived 

from H2L reveals a mononuclear dicationic compound that 

crystallizes in a monoclinic system with the space group 

C2/c. An ORTEP diagram of the compound formulated as 

[Ni(H2L)2].2(NO3) is shown in Fig. 6, and the selected 

bond distances and angles are listed in Table 6. The 

asymmetric unit contains two neutral molecule ligands, 

one Ni2+ cation, and two uncoordinated nitrate anions. 

Each ligand acts tridentate fashion and coordinates the 

 Ni(II) through one thione sulfur atom, one alcoholic 

oxygen atom, and one azomethine nitrogen atom, resulting 

in an N2O2S2 core. The coordination geometry around the 

Ni(II) cation is best described as a distorted octahedral 

geometry. The basal plane is occupied by two sulfur and 

two oxygen atom, the apical positions being occupied by 

two azomethine nitrogen atoms. The sum value of the 

cissoid angles in the basal plane is 366.36°, while the angle 

subtended by the atoms in apical positions (N1—Ni1—N1i 

= 167.52(11)°) is far from the ideal value of 180°. These 

observations confirm the severity of the distortion of the 

octahedral polyhedron. The Ni—N distances [1.9979(18) 

Å and 1.9980(18) Å] are in the range expected for similar 

compounds 37. The Ni—S [2.3859(7) Å] and Ni—O  bond 

lengths [2.1290(18) Å] are comparable to those reported 

for the analogous compound [Ni(H2L)2].[(Cl)2 35. 

 

 

Figure 6. ORTEP view of the compound 3 

 

Table 6. Selected geometric parameters (Å, °).  

Atoms Distance Atoms Distance 

Ni1—S1i 2.3859 (7) Ni1—N1 1.9979 (18) 

Ni1—S1 2.3859 (7) Ni1—N1i 1.9980 (18) 

Ni1—O1i 2.1290 (18) S1—C4 1.699 (3) 

Ni1—O1 2.1290 (18) O1—C1 1.426 (3) 

Atoms Angle Atoms Angle 

S1i—Ni1—S1 94.95 (4) N1—Ni1—S1i 105.99 (6) 

O1—Ni1—S1i 96.42 (5) N1i—Ni1—S1 105.99 (6) 

O1—Ni1—S1 159.14 (5) N1—Ni1—O1 77.47 (7) 

O1i—Ni1—S1 96.42 (5) N1i—Ni1—O1 92.79 (7) 

O1i—Ni1—S1i 159.14 (5) N1i—Ni1—O1i 77.47 (7) 
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O1—Ni1—O1i 78.57 (10) N1—Ni1—O1i 92.79 (7) 

N1i—Ni1—S1i 82.61 (6) N1—Ni1—N1i 167.52 (11) 

N1—Ni1—S1 82.61 (6)   

Symmetry code: (i) −x+1, y, −z+1/2. 

 

Table 7. Hydrogen-bond geometry (Å, °). 

D—H···A D—H H···A D···A D—H···A 

O1—H1···O2 0.864 (9) 1.856 (10) 2.712 (3) 170.6 (19) 

O1—H1···N4 0.864 (9) 2.574 (13) 3.318 (3) 144.9 (18) 

N2—H2···O3ii 0.86 2.39 3.046 (4) 133.2 

N3—H3A···O4iii 0.86 2.21 2.985 (3) 149.1 

N3—H3A···O3iii 0.86 2.66 3.478 (4) 159.7 

N3—H3B···O4iv 0.86 2.15 2.941 (3) 153.2 

Symmetry codes : (ii) −x+1, −y+1, −z+1; (iii) x+1/2, y−1/2, z; (iv) −x+1, y−1, −z+1/2; (v) x, −y+1, z+1/2; (vi) −x+1, −y+2, 

−z+1. 

 

In this compound, there are intramolecular hydrogen bonds 

involving the hydroxyl group of the coordinated ligand as 

a donor and the oxygen atom and the nitrogen atom of the 

nitrate group as a donor (O1—H1···O2 and O1—

H1···N4). In addition, intramolecular hydrogen bonds 

involving the oxygen atoms of the nitrate group as acceptor 

and the hydrazinyl or the amino moieties as donor are 

observed (N2—H2···O3ii, N3—H3A···O4iii, N3—

H3A···O3iii and N3—H3B···O4iv) (Table 7).  

Additionally, the structure is consolidated by hydrogen 

bonds involving CH as a donor [C1—H1A···S1v,       C3—

H3C···O3ii and C3—H3D···O2vi] (Fig. 7). 

 

 

Figure 7. Packing diagram of complex 3 viewed along the a-axis 
 

3.4. Crystal structure of [Ni(HL)(H2L)](NO3).0.75(H2O)  

(4) 

Compound 4 crystallizes in the triclinic system with the 

space group Pī. The selected bond distances and angles are 

given in Table 8. The ORTEP representation of compound 

4 is formulated as [Ni(HL)(H2L)].(NO3).0.75(H2O)  is 

shown in Fig. 8. The asymmetric unit contains one Ni(II) 

cation, one neutral ligand, one mono-deprotonated ligand, 

one nitrate anion, and 0.75 water molecule. The nickel 

center of the cationic moiety is coordinated with two 

azomethine nitrogen atoms, two alcoholic oxygen atoms, 

one thione sulfur atom, and one sulfide sulfur atom. The 

Ni—S bond lengths are different, as shown by the values 

of [N1—S1] 2.3523(5) Å [N1—S1] and 2.3952(5) Å 

[N1—S2]. Additionally, the C—S bond lengths values of 

1.7321(18) Å [S1—C4] and 1.6894(18) Å [S2—C8] are 

different. These differences indicate the presence of thione 

form for one of the ligand and a thiolate form arising from 
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deprotonation of the hydrazinyl group for the second ligand 
38,39. The Ni—O [2.1435(14) Å, 2.1117(13) Å] and Ni—N 

[2.0077(14) Å, 2.0182(15) Å] bond distances are longer 

than those reported for similar compounds 40,41. The Ni(II) 

environment is best described as octahedral geometry. The 

basal plane is occupied by two nitrogen atoms (N1, N4), 

one alcoholic oxygen atom (O2), and one thione sulfur 

atom (S2), the apical positions being occupied by one 

thiolate sulfur atom (S1) and one alcoholic oxygen atom 

(O1). The cissoid angle subtended by the atoms in the 

equatorial plane are in the range [76.32(5)°-106.80(4)°] 

while the transoid angles are  N1—Ni1—N4 = 166.76 (6)° 

and O2—Ni1—S2 =158.32 (4)°. These values deviate 

severely from the ideal 90° and 180° values for a perfect 

octahedral geometry. The angle defined by the S1 and O1 

atoms occupying the apical positions, 161.57(4)°, deviates 

severely from the ideal value of 180°. The two ligand 

molecules, which are quite planar (rms 0.0664 Å and 

0.0497 Å), are perpendicular with a dihedral angle of 

88.738(1)°. The rings NiNCCO and NiNNCS formed by 

each ligand are almost planar and form a dihedral angle of 

3.985(1)° and 5.045(1)°, respectively, showing a slight 

twist in the ligand molecules. The bite angles are 83.11(4)° 

and 76.32(5)° for one ligand and the second ligand 

molecule 83.58(49)° and 78.08(6)° showing the distortion 

of the octahedral geometry.

 

 

Figure 8. ORTEP view of the compound 4 

 

Table 8. Selected geometric parameters (Å, °). 

Atoms Distance Atoms Distance 

Ni1—S1 2.3523 (5) Ni1—N4 2.0182 (15) 

Ni1—S2 2.3952 (5) S1—C4 1.7321 (19) 

Ni1—O2 2.1117 (13) S2—C8 1.6894 (18) 

Ni1—O1 2.1435 (14) O2—C5 1.398 (2) 

Ni1—N1 2.0077 (14) O1—C1 1.417 (3) 

Atoms Angle Atoms Angle 

S1—Ni1—S2 96.544 (19) N1—Ni1—O2 92.61 (5) 

O2—Ni1—S1 95.13 (5) N1—Ni1—O1 78.08 (6) 
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O2—Ni1—S2 158.32 (4) N1—Ni1—N4 166.76 (6) 

O2—Ni1—O1 84.03 (6) N4—Ni1—S1 104.36 (5) 

O1—Ni1—S1 161.57 (4) N4—Ni1—S2 83.11 (4) 

O1—Ni1—S2 90.49 (4) N4—Ni1—O2 76.32 (5) 

N1—Ni1—S1 83.58 (4) N4—Ni1—O1 93.35 (6) 

N1—Ni1—S2 106.80 (4)   

 

Table 9. Hydrogen-bond geometry (Å, °).  

D—H···A D—H H···A D···A D—H···A 

O2—H2···N2i 0.851 (9) 1.845 (10) 2.6790 (19) 166 (2) 

O1—H1···O3 0.863 (9) 1.880 (11) 2.732 (2) 169 (2) 

O1—H1···N7 0.863 (9) 2.658 (11) 3.459 (2) 155.0 (16) 

N5—H5···O5ii 0.86 2.05 2.902 (2) 170.2 

N6—H6A···O4ii 0.86 2.21 3.034 (3) 161.1 

N6—H6B···S1iii 0.86 2.68 3.4799 (17) 156.1 

N3—H3A···O5iv 0.90 2.22 3.098 (3) 164.7 

N3—H3B···O6v 0.92 2.36 3.081 (4) 135.3 

O6—H6C···O4 0.85 2.36 3.182 (4) 162.7 

O6—H6D···O3vi 0.85 2.31 3.135 (4) 164.9 

Symmetry codes: (i) −x, −y+1, −z+1; (ii) −x+1, −y, −z; (iii) −x+1, −y+1, −z; (iv) x−1, y+1, z; (v) x, y+1, z; (vi) −x+1, −y, 

−z+1; (vii) x−1, y, z. 

 

Figure 9.  Packing diagram of complex 4 viewed along the a-axis 

Intramolecular hydrogen bonds of type Owater—H···ONO3
 

(O6—H6C···O4), Oalcoholic—H···ONO3
 (O1—H1···O3), 

and Oalcoholic—H···NNO3
 (O1—H1···N7) connect the 

cationic moiety, the free water molecule, and the anionic 

moiety in the asymmetric unit. Numerous intermolecular 

hydrogen of type Oalcoholic—H···Nimino (O2—H2···N2i;            

i = −x, −y+1, −z+1); Nhydrazinyl—H···ONO3 (N5—H5···O5ii; 

ii = −x+1, −y, −z); Namino—H···ONO3
 (N6—H6A···O4ii; 
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N3—H3A···O5iv; iv = x−1, y+1, z;  N3—H3B···O6v;            

v = x, y+1, z), Nhydrazinyl—H···S (N6—H6B···S1iii;                       

iii = −x+1, −y+1, −z) and Owater—H···ONO3
                                 

(O6—H6D···O3vi; vi = −x+1, −y, −z+1). Weak 

intermolecular hydrogen bonds involving                         

CMethylene—H···Sthiolate(C3—H3E···S1i); CMethylene—

H···Sthione (C7-H7A···S2i) and (C5—H5A···S2vii; vii = - 

x−1, y, z), CMethyl—H···ONO3
 (C7—

H7A···O5ii);CMethylene—H···NNO3
  (C1— H1B···N7vi). The 

combined hydrogen bond links create a three-dimensional 

network (Table 9, Fig. 9). 

 

3.5. Crystal structure of [Cu(H2L)Cl](Cl).0.5H2O (5)  

The compound (5) crystallizes in the monoclinic system, 

and the molecular structure was satisfactorily calculated in 

C2/c space group. The selected bond distances and angles 

are listed in Table 10, and the ORTEP view of the 

compound formulated as [Cu(H2L)Cl](Cl).0.5H2O is 

illustrated in Fig. 10. The asymmetric unit contains one 

copper (II) ion one non-deprotonated ligand, one 

coordinated chloride anion, one uncoordinated chloride 

anion, and a one-half uncoordinated water molecule. The 

compound is built as mononuclear, and the Cu(II) cation is 

coordinated to the ligand through one azomethine nitrogen 

atom, one alcoholic oxygen atom, and one thione sulfur 

atom. One chloride anion completes the coordination 

sphere yielding a NOSCl chromophore. The environment 

of the tetracoordinate copper (II) is best described as a 

square planar geometry as shown by the tetragonality 

parameter τ4 of 0.2205 (τ4 = (360 – αβ) / 141: α and β 

are the two largest angles around the central atom; t4 = 0 

designates a perfect square planar geometry and t4 = 1 gives 

a perfect tetrahedron) 42.  In fact, the bond angle values of 

99.49(3)° [Cl1—Cu1—S1], 77.90(7)° [N3—Cu1—O1], 

85.80(5)° [N3—Cu1—S1], 95.19(6)° [O1—Cu1—Cl1]  

are severely deviated from the ideal value of 90° for a 

perfect square planar geometry. The sum of the angles 

subtended by the atoms in the plane is 358.32°. The 

distance C1—S1 of 1.715 (2) Å, consistent with a double 

bond character 43, indicates the presence of the thione 

moiety in the coordinated ligand. The Cu1—O1 

[1.9918(18 Å], Cu1—N3 [1.9601(17) Å], Cu1—Cl1 

[2.2063(6) Å], and Cu1—S1 [2.2648(7) Å] are comparable 

to the corresponding values found for the copper 

compound with the same ligand in which, the copper(II) 

cation is pentacoordinate 44. 

 

 

Figure 10. ORTEP view of the compound 5 

 

Table 10. Selected geometric parameters (Å, °). 

Atoms Distance Atoms Distance 

Cu1—N3 1.9601 (17) Cu1—S1 2.2648 (7) 

Cu1—O1 1.9918 (18) S1—C1 1.715 (2) 

Cu1—Cl1 2.2063 (6) O1—C3 1.414 (3) 

Atoms Angle Atoms Angle 

N3—Cu1—O1 77.90 (7) N3—Cu1—S1 85.80 (5) 
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N3—Cu1—Cl1 166.17 (6) O1—Cu1—S1 162.74 (6) 

O1—Cu1—Cl1 95.19 (6) Cl1—Cu1—S1 99.49 (3) 

 

Table 11. Hydrogen-bond geometry (Å, °). 

D—H···A D—H H···A D···A D—H···A 

O1—H1···Cl2i 0.843 (9) 2.133 (9) 2.9699(18) 171.7 (19) 

N2—H2···Cl2ii 0.86 2.30 3.1291 (18) 161.5 

N1—H1A···Cl2ii 0.86 2.66 3.410(2) 146.7 

N1—H1B···O2 0.86 2.10 2.936 (7) 163.8 

N1—H1B···O2iii 0.86 2.05 2.899 (7) 170.7 

O2—H2A···Cl1v 0.99 2.87 3.423 (5) 116.4 

O2—H2A···Cl1vi 0.99 2.64 3.425 (5) 136.6 

O2—H2B···Cl2vii 1.12 2.13 3.241 (4) 170.7 

Symmetry codes : (i) −x+3/2, −y+3/2, −z+1; (ii) −x+3/2, −y+1/2, −z+1; (iii) −x+1, y, −z+1/2; (iv) x, −y+1, z+1/2; (v) −x+1, 

y−1, −z+1/2; (vi) x, y−1, z; (vii) −x+3/2, y−1/2, −z+1/2. 

 

The hydrogen bonding geometry of the compound is listed 

in Table 11. Intramolecular hydrogen bond    Namino—

H···Owater (N1—H1B···O2) links the free water molecule 

to the compound molecule. Numerous intermolecular 

hydron bonds of type N—H···Cl        (N2—H2···Cl2ii, ii = 

−x+3/2, −y+1/2, −z+1),  O—H···Cl (O2—H2A···Cl1v, v = 

−x+1, y−1; O2—H2A···Cl1vi, vi = x, y−1, z; O1—

H1···Cl2i, i = −x+3/2, −y+3/2, −z+1), and C—H···Cl 

(C3—H3B···Cl1i,  i = −x+3/2, −y+3/2, −z+1; C4—

H4B···Cl2iv and- C4—H4B···Cl2iv, iv = x, −y+1, z+1/2) 

(Table 11) links the molecules yielding several chains 

superimposed on each other. The chain is linked by O—

H···Cl (O2—H2B···Cl2vii vii = −x+3/2, y−1/2, −z+1/2) and 

N—H···O (N1—H1B···O2iii; iii = −x+1, y, −z+1/2) (Table 

11) bonds which ensure the cohesion and stability of the 

structure as shown in Fig. 11. 

 

 

Figure 11. Packing diagram of complex 5 viewed along the a-axis 
 

3.6. Crystal structure of [Zn(H2L)2](ClO4)2
.2H2O (6) 

The hexacoordinated zinc(II) compound 6 crystallizes in 

the monoclinic system with the space group C2/c. The 

selected bond distances and angles are listed in Table 12, 

and the ORTEP representation of 6 is shown in Fig. 12. The 

asymmetric unit of the crystal structure of compound 6 

contains one [Zn(H2L)2]2+, two uncoordinated perchlorate 

anions ClO4
-, and two free water molecules. The two ligand 

molecules act tridentate through the azomethine nitrogen 

atom, the sulfur atom, and the alcoholic oxygen atom. 
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Thus, the Zn2+ cation is situated in an N2O2S2 inner, and its 

coordination sphere is best described as a distorted 

octahedral polyhedron. The sulfur and the oxygen atoms 

occupy the equatorial plane, while the imino nitrogen 

atoms occupy the axial positions. The transoid angles in 

are in the range [150.18(15)°—155.37(7)°] while the 

cissoid angles are in the range [71.90(10)°—116.21(7)°]. 

These values deviate severely from the ideal values of 180 

and 90° for a perfect octahedral environment. The two 

tridentate ligand molecules are quite planar (rms 0.0912), 

with the sulfur atom 0.1756(1) Å out of the plane. The two 

mean planes of the ligand molecules form a dihedral angle 

of 83.70°. Each ligand forms two five membered-ring of 

type Zn1S1C4N2N1 and Zn1N1C2C1O1 with bite angles 

of  S1—Zn1—N1 = 83.47 (7)° and N1—Zn1—O1 = 71.90 

(10)°. The two five-membered rings are twisted at 

6.660(2)° dihedral angles. The two ligand molecules act in 

their thione and alcoholic forms as indicated by the 

distances C4=S1 [1.694 (4)Å] and C1—O1 [1.401 (5) Å]. 

The bond distances Zn1—S 2.3971(9) [Å], Zn1—N 

[2.088(2) Å], and Zn1—O [2.327(3) Å]  are by the values 

reported for similar complexes 45–47. The free perchlorate 

anions are constrained to be tetrahedral, as shown by the 

angle values O—Cl—O (Table 2). The mononuclear unit 

and the perchlorate anion of the asymmetric unit are 

connected by intramolecular hydrogen bonds of type 

Namino–H…OClO3 (N3–H3B…O5), Namino–H…Owater (N3–

H3B…O2) and Nhydrazinyl–H…Owater (N2—H2···O2)            

(Fig. 13, Table 13). Intermolecular hydrogen bond of type 

Oalcoholic–H…ClO4 (O1—H1···Cl1ii; ii = x+1/2, −y+1/2, 

z+1/2) and Oalcoholic–H…OClO3 (O1—H1···O3ii) and weak 

intermolecular hydrogen bonds involving C–H…OClO3 

(C1—H1B···O4iii ; iii = −x+3/2, −y+1/2, −z+1) and Cimino–

H…Ophenoxo (C27—H27···O5iii ; iii =−x+1, −y+1, −z)  and 

Cimino–H…OClO3 (C34—H34···O9ii; ii = −x+1, −y+1, 

−z+1) link the mononuclear units belonging to different 

asymmetric units. The combined hydrogen bond links give 

rise to a three-dimensional network architecture. It should 

be noted that the perchlorate ion is engaged in numerous 

interactions in the structure. 

 

 

Figure 12. ORTEP view of the compound 6 

 

Table 12. Selected geometric parameters (Å, °). 

Atoms Distance Atoms Distance 

Zn1—N1i 2.088 (2) Zn1—S1i 2.3971 (9) 

Zn1—N1 2.088 (2) Zn1—S1 2.3971 (9) 

Zn1—O1 2.327 (3) S1—C4 1.694 (4) 

Zn1—O1i 2.327 (3) O1—C1 1.401 (5) 

Atoms Angle Atoms Angle 

N1i—Zn1—N1 150.18 (15) N1—Zn1—S1 83.47 (7) 

N1i—Zn1—O1 86.66 (10) O1—Zn1—S1 155.37 (7) 

N1—Zn1—O1 71.90 (10) O1i—Zn1—S1 90.25 (8) 
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N1i—Zn1—O1i 71.90 (10) S1i—Zn1—S1 100.85 (5) 

N1—Zn1—O1i 86.66 (10) O3—Cl1—O6 109.3 (5) 

O1—Zn1—O1i 88.40 (15) O3—Cl1—O5 109.3 (6) 

N1i—Zn1—S1i 83.47 (7) O6—Cl1—O5 122.6 (6) 

N1—Zn1—S1i 116.21 (7) O3—Cl1—O4 103.6 (10) 

O1—Zn1—S1i 90.26 (8) O6—Cl1—O4 105.8 (5) 

O1i—Zn1—S1i 155.37 (7) O5—Cl1—O4 104.4 (6) 

N1i—Zn1—S1 116.21 (7)   

Symmetry code: (i) −x+2, y, −z+3/2. 

 

 

Figure 13. Packing diagram of complex 2 viewed along the a-axis 
  

Table 13. Hydrogen-bond geometry (Å, °). 

D—H···A D—H H···A D···A D—H···A 

O1—H1···Cl1ii 0.854 (9) 2.914 (18) 3.701 (3) 154 (3) 

O1—H1···O3ii 0.854 (9) 1.89 (2) 2.705 (7) 159 (5) 

N2—H2···O2 0.86 2.01 2.810 (5) 155.2 

N3—H3A···O2 0.86 2.22 2.976 (7) 145.9 

N3—H3B···O5 0.86 2.21 3.062 (9) 170.3 

Symmetry codes : (ii) x+1/2, −y+1/2, z+1/2; (iii) −x+3/2, −y+1/2, −z+1. 

 

3.7. General study 

The H2L ligand was characterized by spectroscopic 

methods such as FTIR and 1H and 13C NMR. The FTIR 

spectrum (Fig. 14) of the ligand H2L gives several 

characteristic bands. The broad band at 3380 cm-1 indicates 

the presence of a hydroxy group in the molecule. The bands 

at 3217 and 3164 cm-1 are attributed to the -NH2 amino 

group. The band at 3139 cm-1 is due to the stretching of the 

N-H bond of the hydrazinyl group. The CH vibration 

modes due to -CH2- and -CH3 groups are pointed as weak 

intensity bands between 3031 and      2849 cm-1 48. The band 

due to the C=N moiety is pointed at 1603 cm-1, while the 

characteristic bands due to the thioamide NH-C=S moieties 

are pointed at 1259 and 791 cm-1. The absence of the band 

characteristic of the S-H, expected at ca. 2600 cm-1, 

indicates that the compound is only in its thione form. The 

ligand's 1H NMR spectrum (Fig. 15) shows a broad signal 

characteristic of the OH group at 4.88 ppm. Two singlet 
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signals at 4.01 and 1.87 ppm are also observed, attributed 

to the -CH2- and -CH3 groups, respectively. The signals at 

7.90 and 8.06 ppm are attributed to the two protons of the 

-NH2 group. The signal at δ 10.01 ppm is due to the -NH 

proton. The 13C NMR spectrum (Fig. 16) of the ligand 

shows signals at 153.08 ppm and 179.54 ppm attributed to 

azomethine (C=N) and thiocarbonyl (C=S) carbon atoms, 

respectively. 

Upon coordination of H2L to metal the ions, the band due 

to the C=N stretching, which appears at 1603 cm-1 in the 

ligand spectrum, is shifted to low frequencies for all the 

compounds [1592 cm-1 -1639 cm-1]. The band due to C=S 

stretching is shifted from 1259 cm-1 (in H2L) to 1252-                 

1228 cm-1 (in the complexes). The νOH pointed at 3380 cm-

1 in the spectrum of the ligand is shifted to low frequencies. 

These observations indicate the involvement of the 

azomethine nitrogen atom, the sulfur thione atom, and the 

alcoholic oxygen atom in coordinating with the relative 

metal ion 49. The spectra of compounds (1), (3), and (4) 

show a sharp and strong band at ca. 1380 cm-1 attributed to 

the nitrate ion 50. The IR spectrum of compound (2) 

presents additional bands at 620 cm-1 and 1070 cm-1 due to 

the presence of perchlorate anion 51. 

The electronic absorption spectral analysis of the six metal 

complexes exhibits absorption bands at 225 nm and 298 

nm due to π→π* electronic transition in the azomethine 

chromophore. The compounds also exhibit a band at ca. 

405 nm due to n→π٭ electronic transition in the 

azomethine chromophore. High-spin cobalt(II) octahedral 

complex, allows three spin permissible d→d transitions, 

namely 4T1g(F)4T2g(F), 4T1g(F)2A2g and 
4T1g(F)4T1g(P) 52. With compound (1), these first bands 

appear over the near-IR range at 1080 nm. In the visible 

range of the spectrum, only one asymmetric band appears 

at 532 nm. The magnetic moment value of 5.9 µB indicates 

a mononuclear compound in which the high-spin Co(II) 

cation is in an octahedral environment  53. For compounds 

2, 3, and 4 two bands in the ranges of  522-544 nm and 780-

880 nm are dues to the allowed 3A2(3F)3T1(3F) and 
3A2(3F)3T1(3P) transitions for octahedral geometry 50. 

The magnetic moment of values 3.37 µB for 2, 3.46 µB for 

3, and 3.49 µB for 4 indicate a mononuclear compound for 

d8 Ni(II) with octahedral geometry 51. Compound (6) is 

paramagnetic. For the copper(II) compound (5) a low 

energy band at 591 nm attributed to dd transition 

indicating a square-planar geometry around the Cu(II) 

cation. These facts are characteristic of a distorted square-

planar environment 54. The magnetic moment value of 1.69 

µB for compound (5) is near that of 1.72 µB reported for a 

mononuclear square-planar copper(II) compound 55. The 

molar conductivity values, which are in the range 130-170 

S.cm2.mol-1 for compounds (1), (2), (3), and (6) show that 

compounds are 2:1 electrolytes in DMF solution 56. 

Compounds (4) and (5) are 1:1 electrolytes, as shown by 

their conductivity values of 65.7 and 75 S.cm2.mol-1, 

respectively. All the compounds are stable in the DMF 

solution owing to the slow conductivities increase two 

weeks later. 

 

 

Figure 14. FTIR spectrum of H2L 

 

 
   Figure 15.  1H NMR spectrum of H2L           Figure 16. 13C NMR spectrum of H2L   Figure 17. DEPT 135 13C NMR spectrum of H2L 
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4. Conclusion 
 

The H2L ligand with the thiosemicarbazide moiety showed 

similar mode coordination through the six compounds' O, 

N, and S donor atoms. All the structures of the six 

compounds are established by single X-ray diffraction. The 

coordination compounds [Co(H2L)2](NO3)2, 

[Ni(H2L)2](ClO4)2
.2H2O, [Ni(H2L)2] (NO3)2 and 

[Zn(H2L)2](ClO4)2
.2H2O are 2:1 electrolytes in DMF 

solutions. In compound [Ni(HL)(H2L)] (NO3).0.75(H2O), 

one of the ligand molecules acts in its mono-deprotonated 

form. At the same time, the second reacts in its non-

deprotonated form yielding a 1:1 electrolyte compound in 

DMF solution. In compound [Cu(H2L)Cl](Cl).0.5H2O, 

only one non-deprotonated ligand molecule is involved in 

the coordination yielding and 1:1 electrolyte in DFM 

solution. On considering the magnetic moments of the 

compounds, it appears that compounds [Co(H2L)2](NO3)2, 

[Ni(H2L)2](ClO4)2
.2H2O,[Ni(H2L)2](NO3)2, 

[Ni(HL)(H2L)](NO3).0.75(H2O), [Cu(H2L)Cl](Cl).0.5H2O 

are mononuclear. Compound [Zn(H2L)2](ClO4)2
.2H2O is 

diamagnetic in nature. The structures of the compounds are 

consolidated by classical H-bond involving the -NH2, NH 

and/or OH groups. 
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