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The coordination of thiosemicarbazone ligands with Ni(II) was confirmed by comparing IR 

spectra of the free ligands with those of the complexes. The chelation of the thiosemicarbazone ligands 

can be easily detected by monitoring the position of the ligand bands which have shifted to lower or high 

energy upon complexation. Absorption due to phenolic O-H still can be observed in the IR spectra of all 

the complexes at around 3450 - 3400 cm-1 due to polyhydroxy groups in the thiosemicarbazone ligands. 

This indicates that only one of the phenolic oxygen atoms from each thiosemicarbazone ligand is 

deprotonated and involved in coordination with Ni(II) [1,2]. In addition, the band appeared in the region 

1307–1270 cm-1 due to phenolic C–O stretching in the free thiosemicarbazone ligands has been 

downward shifted to 1268-1230 cm-1 in the IR spectra of the complexes indicating the coordination 

through phenolic oxygen atom [3]. The involvement of phenolic oxygen in bonding is supported by the 

appearance of a new band for ν (Ni–O) at 520-510 cm-1 region [4]. In all complexes, the ν(C=N) 

underwent a change in frequency and intensity, caused by complexation and upshifted by 20-50 cm-1 to 

higher frequency. A number of thiosemicarbazones which undergo a similar shift of the ν(C=N) bands to 

higher wave numbers upon coordination has also been reported [5]. The coordination of azomethine 

nitrogen to Ni(II) is further corroborated with the appearance of a new band at around 565 - 532 cm-1 

region due to a ν(Ni—N) stretch in the spectra of all complexes. However, the coordination of 

thiosemicarbazone sulfur to Ni(II) either in its thione or thiol form was confirmed by the downward shift 

of 10-80 cm-1 for υ(C=S) in the spectra of all complexes. Additionally, the IR spectra of all complexes 

show bands characteristic of coordinated triphenylphosphine in the expected region [6-8]. 

Proton magnetic resonance spectroscopy is a helpful tool for the identification of the 

coordination sites in diamagnetic Ni(II) complexes in  conjunction with other spectrometric information. 

The singlet appeared in the region 11.35 – 11.77 ppm in the 1HNMR spectra free ligands, which assigned 

to the N(2)HCS group, is absent in the spectrum of complexes 7 and 8 indicating the coordination of the 

ligand under the anionic thiolate form upon deprotonation at N(2). In the spectra of complex 5 and 



complex 6, the hydrazinic proton N(2)H signal appeared at 11.45 ppm and 11.43 ppm, respectively. The 

slightly downfield shift of this signal suggested the coordination of the ligand to the metal center in the 

neutral thione form [9]. The azomethine proton –CH=N does not show a regular trend in the complexes. 

The azomethine –CH=N signals which observed at 8.33–8.52 ppm in the free thiosemicarbazone 

undergoes shift to the high field, thus, indicating coordination of the thiosemicarbazone through the imine 

nitrogen chelating system. In contrast, the azomethine proton in the complexes with N(4)–phenyl 

substitution (i.e. complex 7), is shifted downfield due to the presence of an electron withdrawing phenyl 

group [10,11]. The dihydroxybenzaldehyde aromatic protons are shifted to the high field environment due 

to the decrease in the electron density around the thiosemicarbazone moiety as a result of coordination to 

Ni(II) through sulfur, azomethine nitrogen and phenolic oxygen. It has been illustrated that the decrease 

in electron density cause an upfield shift of the aromatic protons, different from aliphatic protons, due to 

electron withdrawing ability of the metal ion, which in turn decreases the ring current and deshielding of 

the aromatic protons. For this reason a stronger field is required to take the aromatic protons to resonance 

[12]. 

The geometry around the nickel atom in these complexes is a distorted square planar as can be 

seen from the bond angles. The ligands H3L3 and H3L4 are coordinated as ONS tridentate binegative anion 

in their deprotonated form HL3 and HL4 as is indicated by the absence of counter ions, through 

azomethine nitrogen, phenolic oxygen and thiolate sulfur atoms forming stable six and five membered 

rings. The fourth coordination position is occupied by a P atom from the PPh3 coligand which is 

coordinated to Ni trans to azomethine nitrogen. In complex 8, the Ni–N, Ni–P, Ni–S bond lengths of 

1.8961(14), 2.2059(5), 2.1488(5), respectively are quite normal as that found in other square planar Ni(II) 

complexes and Ni–O bond length 1.8510(12) was found to be slightly higher than that of the reported 

value for other Ni(II) complexes [13,14]. This slight increase in Ni–O bond length may be due to the 

presence of hydroxyl group. Considering the plane formed by the O1, N1, S1, P1 set of chelating atoms, 

the nickel atom sits 0.0170 Å away from them. The thiosemicarbazone fragment C7,N1,N2,C8,S1,N3, 

also is close to planar has a maximum least square plane deviation from the central metal atom (Ni1) by – 



0.084 Å and the dihedral angle formed by the thiosemicarbazone moiety with the plane containing 

coordinating atoms is 6.62(5)º which denotes a coplanarity of the thiosemicarbazone moiety [15]. The 

angles formed between the nickel ion and the coordination sphere O1, N1, S1, P1 show that the nickel is 

contained within a slightly distorted square-planar environment with the O(1)– Ni(1)– S(1) of  173.72 (4)º 

and N(1) –Ni(1)– P(1) of 171.55(4)º deviate from the linearity. The coordination of the ligand to Ni(II) 

leads to a lengthening of the S1–C8 bond 1.7529(18) Å (increased single-bond character) and a 

shortening of the neighboring N2–C8 bond 1.299(2) Å (increased double-bond character) and in 

accordance to coordination of thiosemicarbazone in the thiolate form [16,17]. Higher distortion from ideal 

square planar geometry is observed for complex 8 in contrast to complex 5 [18], as reflected in the bond 

parameters around the metal center in both complexes. The high deviation of complex 8 from regular 

square planar arrangement may be due to the steric hindrance between the bulky triphenylphosphine 

group and the ethyl group at N(4) position. 
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