
European science international conference: 

THEORY OF SCIENTIFIC RESEARCHES OF WHOLE WORLD 

   

295 
 
 

 

SYNTHESIS, STRUCTURE, ANTIBACTERIAL  

ACTIVITY AND TOXICITY OF CO(II) COMPLEX WITH 5-

SULFOSALICYLIC ACID. 

 

A.S. Normamatov
1
, A.B. Ibragimov

1
. 

Haji Akber Aisa
2
, Zhao Jiangyu

2
. 

1 
Institute of General and Inorganic Chemistry of the Academy of Sciences of the 

Republic of Uzbekistan, adhamjonnormamatov@gmail.com 
2 

Xinjiang Technical Institute of Physics & Chemistry 

of Chinese Academy of Sciences 

 

Abstract. In this investigation, a synthesized octahedral aqua complex of 5-

sulfosalicylic acid with Co(II) underwent thorough analysis of its composition and 

structure through elemental analysis, X-ray crystallography, infrared spectroscopy (FT-

IR), and UV-visible spectroscopy. The compound, denoted as 

[Co(H2O)6][C7H5O3SO3]2·2H2O, features a Co(II) ion arranged octahedrally with six 

water molecules. The bond lengths between cobalt and oxygen atoms range from 

2.062(3) to 2.112(1) Å. The equatorial plane of the octahedron, defined by oxygen atoms 

O7, O7', O9, and O9' from the water molecules, appears almost perfectly flat with merely 

a 0.074(1) Å deviation. Some distortion in the octahedral geometry, induced by the Jahn-

Teller effect, leads to shorter Co-O8 bonds in contrast to the Co-O7 and Co-O9 bonds. 
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Introduction. 5-Sulfosalicylic acid and its anions exhibit structural diversity and 

intriguing topology. Recently, there has been a growing interest in 5-sulfosalicylate ions 

and their metal complexes due to their antimicrobial, antifungal, and anti-inflammatory 

properties [1]. The 5-sulfosalicylic acid molecule contains three functional groups: 

SO3H, COOH, and OH. Five distinct forms of 5-sulfosalicylic acid have been identified: 

neutral, singly deprotonated at the sulfo group, singly deprotonated at the carboxy group, 

doubly deprotonated at the sulfo and carboxy groups, and triply (completely) 

deprotonated. The interactions of partially or fully deprotonated forms of 5-sulfosalicylic 

acid (H2SSal
–
, HSSal

2–
, and SSal

3–
) with metal ions can result in various coordination 

modes [2]. 

Cobalt, despite being present in the body in only about 1 mg, is crucial for life [3]. It is 

obtained from the diet, notably from green vegetables and cereals, and is frequently 

included in vitamin supplements [4]. A significant aspect of its biological significance 
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lies in its association with vitamin B12 [5], also known as cobalamin, with a 

few other cobalt-containing enzymes having been recognized so far [6]. 

Although cobalt is an essential metal, it poses systemic toxicity risks, encompassing 

neurological, cardiovascular, and endocrine disturbances, primarily linked to free ionic 

Co(II). Blood concentrations exceeding 300 mg/l are deemed worrisome [7]. Cobalt's 

toxicity is associated with its redox properties, triggering reactive oxygen species (ROS) 

production, and its capacity to replace iron in metalloenzymes to create substitutionally-

inert complexes [8].  

Crystal Structure. The Co(II) complex is crystallized in the P-1 triclinic system. The 

compound [Co(H₂O)₆][C₇H₅O₃SO₃]₂·2H₂O consists of hexaaquacobalt(II) cations, 3-

carboxy-4-hydroxybenzenesulfonate anions, and water molecules (Fig.1.). The cobalt(II) 

ion is coordinated by six water molecules in an octahedral geometry. The Co-O bond 

lengths range from 2.062(3) to 2.112(1) Å. The oxygen atoms O7, O7', O9, and O9' of 

the water molecules form the equatorial plane of the octahedron, with a minimal 

deviation of 0.074(1) Å from perfect planarity. The calculated distortion indices for bond 

lengths and angles in the CoO6 octahedron are IDd(Co-O) = 0.95% and IDa(O-Co-O) = 

3.41%, indicating a slightly distorted octahedral geometry. Due to the Jahn-Teller effect, 

the octahedron is slightly distorted, with shorter Co-O8 bonds compared to Co-O7 and 

Co-O9 bonds [9]. These bond lengths and angles are comparable to similar cobalt 

complexes. The crystal structure features alternating layers of hexaquacobalt(II) cations 

and organosulfonate anions.  

 
Figure 1. Molecular structure of [Co(H2O)6][C7H5O3SO3]2·2H2O 

The phenyl rings of the anions are nearly perpendicular to the b,c-plane. Within the 

sulfonate layer, adjacent organic molecules have sulfite groups pointing in opposite 

directions. Hydrogen bonding plays a crucial role in stabilizing the structure. Water 

molecules form short, linear O-H···O hydrogen bonds with sulfonate oxygen atoms. 

Additionally, phenyl-phenyl interactions between organic ligands contribute to the 
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formation of one-dimensional chains along the [100] direction. The shortest 

cobalt-cobalt distance is 7.66 Å. 

Infrared spectroscopy. The infrared spectroscopic analysis of the cobalt coordination 

compound is shown in Table 1. The spectra indicate that the valence vibrations of the –

OH group from water molecules in the compound were observed in the 3350 cm⁻¹ region. 

Additionally, the asymmetric and symmetric valence vibrations of the carbonyl group 

were detected at 1699 cm⁻¹ and 1663 cm⁻¹, respectively. The bonds between the metal 

and the ligand were noted in the 571 cm⁻¹ region (Figure 2) [10]. 

 
Figure 2. Infrared spectrum of the compound. 

Table 1. Infrared spectra of the compound with absorption peaks. 
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UV-visible spectroscopy. The electron transition phenomena in the compound were 

investigated using UV spectrophotometry over the range of 200-800 nm. Under UV light, 

the following electron transfer phenomena occurred in the compound: t2g→e2, n→π*, 

ligand-to-metal charge transfer (LMCT), and π→π* (Table 2 and Figure 3) [11].  
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Figure 3. UV light absorption peaks in the compound. 

Table 2. Electron transfer phenomenon of a coordination compound under UV light 

exposure. 
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