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Abstract 

A number of mixed ligand dithiocarbamate complexes with the general formula [ML2(py)2] have been prepared 

and characterized by elemental analysis, FTIR and UV spectroscopy, magnetic moment, thermogravimetric and 

conductance analysis, and M = Mn (II), Co (II), Ni (II), and Cu(II), py = pyridine, and L = N-methyl-N-phenyl 

dithiocarbamate. It was demonstrated by the infrared spectra that the pyridine molecule in the complexes 

experienced neutral monodentate coordination through the nitrogen atom, whereas the dithiocarbamate moiety 

experienced symmetrical bidentate coordination through the sulfur atoms. It was demonstrated by the results of 

the magnetic moment, elemental analysis, and electronic spectra that the complexes adopted an octahedral 

geometry. 
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1. Introduction  

Dithiocarbamate complexes adduct formation is 

influenced by the electron density drifting towards the 

sulfur atoms of dithiocarbamate bases as a result of 

the –NR2 group's mesomeric action[1,2]. Metal 

complexes inclinations to form adducts vary and are 

strongly correlated with the ionic size of the central 

metal ion, the geometry of the coordinated ligand, and 

the Lewis base's capacity to take in 𝜋-electrons [3]. 

The sulfur atoms donate electrons to the metal’s 

nonbonding molecular orbital because the –NR2 

group gives them more electrons than other 

dithiolates, such xanthate [4]. Therefore, it is not 

always preferred to take the traditional path of further 

reaction that results in the development of an addict. 

The stability and additional physicochemical 

characteristics of a metal complex are influenced by 

the characteristics of the R-group in the -NR2 moiety. 

Electrons may flow more or less towards the ligating 

CS2 group, depending on the inductive impact 

(positive or negative) of the groups on the nitrogen 

atom [5,6]. It is interesting to note that their adducts 

of pyridine,2,2-bipyridine, triphenylphosphine, and 

1,10-phenanthroline have been shown to have 

antifungal qualities [5,7,8]. 

In comparison to their parent metal complexes 

and uncomplexed ligand, some exhibit actions 

against a broad spectrum and are more active. The 

literature has documented several dithiocarbamate 

adducts with different geometries, including square 

planar, octahedral, and trigonal prismatic [9-12]. Due 

to its potent chelating capacity toward inorganic 

species, dithiocarbamates have also been used in the 

environment in the significant field of solvent 

extraction for the separation of metal ions. Because of 

its simplicity, speed, and broad applicability, solvent 

extraction—which involves chelation—has been 

described as one of the most popular methods for 

preconcentrating and separating metal ions from 

aqueous samples for analytical reasons [13,14]. The 

introduction of specific chelating agents for trace 

metal identification in recent years has increased the 

technique's use[15-17]. With the right extracting 

agents, group separation or selective separation of 

trace elements can be accomplished in solvent 

extraction with great efficiency. 

In a previous study, the antibacterial 

characteristics was evaluated of some N-methyl-N-

phenyl dithiocarbamate transition metal complexes, 

which showed promise as antibacterial agents[18].  

For Mn(II), Co(II), Ni(II), and Cu(II), we provide the 

synthesis, characterization, and antifungal properties 

of the pyridine adducts of N-methyl-N-phenyl 

dithiocarbamate complexes. For the first time, we 

also report that N-methyl-N-phenyl dithiocarbamate 

may extract Ni(II) and Cu(II) ions from the aqueous 

phase into the organic phase. Employing Job's 

approach of continuous variation, the nature of the 

isolated substance was also examined. 

 

2. Experimental Part 

In physical Measurement, every chemical reagent 

utilized was of analytical grade and was used just as 

supplied, requiring no additional purification. Sigma-

Aldrich provided the sodium hydroxide, carbon 

disulfide, and N-methyl aniline. Merck Co. supplied 

the following: pyridine, nickel (II) chloride 

hexahydrate, cobalt (II) chloride dihydrate, copper 
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(II) nitrate trihydrate, anhydrous copper (II) sulphate, 

manganese (II) nitrate hexahydrate, nickel (II) nitrate 

hexahydrate, ammonia, distilled water, hydrochloric 

acid, ammonia, and chloroform.  

In chemical synthesis, pyridine reacted with the 

hydrated metal salts in the first stage of the reaction, 

which was followed by a displacement reaction with 

the dithiocarbamate ligand. The production of sodium 

N-methyl-N-phenyl dithiocarbamate [NaL] is 

covered in. Following the stated protocol, sodium N-

methyl-N-phenyl dithiocarbamate was made[18]. 

Using a thermometer and a two-necked flask, a 

solution of sodium hydroxide (8 g, 0.2 mol) in 10 mL 

of distilled water was made. This solution was mixed 

with 21.80 mL of N-methyl aniline (density 0.985) 

and agitated for around two hours at a low 

temperature of 2–4 °C. Following separation, the 

yellowish-white solid product was filtered, cleaned 

with a small amount of ether, and then recrystallized 

in acetone. The Complexes of MCl2⋅(py)2 were 

synthesized as followed in 1:2 molar ratios, a 25 mL 

solution of the corresponding hydrated metal (II) 

chlorides in methanol was mixed with 15 mL of 

pyridine methanol solution. After refluxing the 

combination for one hour, the solution was allowed 

to separate from the solvent. 

After gathering the precipitates, they were 

repeatedly cleaned with a methanol-water mixture to 

get rid of any unreacted starting components, and then 

they were dried in a vacuum. [ML2(py)2] are 

synthesized. The addition of a 20 mL methanolic 

solution of sodium N-methyl-N-phenyl 

dithiocarbamate (NaL) (2 mmol) to a 20 mL solution 

of MCl2⋅(py)2 [where M = Mn (II), Co (II), Ni (II), 

and Cu (II)] in methanol (1 mmol) was done while 

stirring continuously for approximately 60 minutes at 

room temperature. After filtering and washing with 

methanol and water, the precipitate was vacuum-

dried. Using a Bruker alpha-P FT-IR spectrometer, 

infrared spectra in the 500–4000 cm−1 range were 

collected. An elemental analyzer was used for the 

microanalyses. 

Using a Johnson Matthey magnetic susceptibility 

balance, magnetic susceptibilities were measured, 

and Pascal's constant was used to compute 

diamagnetic corrections. Mark V conductivity meter 

with a cell constant of 1.0, conductivity 

measurements were made. Solid reflectance from 

UV-Vis spectra recorded using a Perkin Elmer 

Lambda 40 UV-Vis spectrometer. In this experiment, 

the Hitachi-18050 atomic absorption spectrometer 

was utilized. 

The extraction process was done by taking equal 

amounts of the ligand's chloroform and methanol 

solutions (4×10−4 M) were added to aqueous solutions 

containing 1.5×10−3 M metal salt in a suitable buffer 

with a pH of 1–10 to equilibrate them. The shaker was 

mechanically operated at 25 °C. Since it was 

insoluble in chloroform, the ligand was dissolved in 

methanol. In order to prevent diffusion from limiting 

the complexation reaction, the aqueous and organic 

phases were thoroughly shaken, increasing contact 

and bringing the concentrations of the various species 

into uniformity. Following agitation, the solutions 

were left to stand for fifteen minutes. After the 

solution was moved to a separating funnel, the 

organic and aqueous layers were allowed to separate 

before being put into a volumetric flask. Five 

milliliters of chloroform were used to repeat the 

extraction. AAS was used to measure the 

concentration of copper (II) and nickel (II) ions in the 

aqueous phase, and the mass balance was taken into 

consideration to determine the concentration of the 

organic phase based on the difference. 

The method of continuous variation procedure for 

nickel and copper salt solutions, pipettes were used to 

transfer 0, 1, 2, 3, 4, 5, and 6 mL 4×10−4 M into 

separate 50 mL volumetric flasks (7 numbers). The 

mole fraction of solution was maintained by adding 

aliquots of the ligand in increments of 6, 5, 4, 3, 2, 1, 

and 0 mL 4×10−4 M. The pH 10 of the solution was 

buffered. The wavelength at which the greatest 

absorbance was recorded was 622 nm for copper 

solution and 640 nm for nickel solution, respectively. 

We took all of the measurements at 25 °C (Fig. 2). 

 

3. Results and Discussion 

The precursor compounds for the synthesis of the 

pyridyl adducts of the dithiocarbamate were the 

pyridine complexes, which were produced by the 

interaction of pyridine with the corresponding metal 

salts in methanol solution. The traditional approach 

of preparing pyridine adducts, which typically entails 

adding Lewis’s base to the premade dithiocarbamate 

complex, did not work. Room temperature did not 

affect any of the compounds' stability. 

The FTIR spectra of all compounds exhibit (=C–

H) stretching vibrations around 3040 cm−1, but the 

CH3 group's (–C–H) stretching vibrations emerged 

about 2864 cm−1. The thiouridine bond is identified 

by a prominent band that appears in the spectra of all 

the compounds between 1430 and 1444 cm−1. In 

pyridine adducts, the comparatively reduced electron 

flow of the nitrogen lone pair of electrons towards the 

central metal ion results in a decrease in the stretching 

frequency of thiouridine [4]. The electron density 

rises as a result of the more pyridine molecules. The 

v(CS2) vibration manifested as a single band between 

910 and 920 cm−1, suggesting that the two sulfur 

atoms were symmetrically bonded to the metal ion. In 

every compound, the pyridine-related bands were 

seen in the 1601–1608 cm−1 range. Additionally, the 

dithiocarbamate ligands obscured other peaks. 

According to the protocol described in the 

literature, the electronic spectra of each compound 

were captured as solid reflectance[18]. Electronic 

changes in the ligands (𝑛→𝜋∗, 𝜋→𝜋∗), metal d-d 

transitions, and charge transfer transitions (metal to 
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ligands and ligand to metal charge transitions) are the 

causes of absorption bands [19,20]. The 𝑛→𝜋∗ 
transition from the C=N group of the pyridine 

molecule and dithiocarbamate moiety was 

responsible for the bands centered between 340 and 

366 nm in the metal adducts. Absorption bands at 

around 366 nm, 352 nm, 670 nm, and 762 nm were 

visible in the cobalt adducts' electronic spectrum. The 

𝑛→𝜋∗ transitions of the C=N group in the pyridine 

and the dithiocarbamate moiety are responsible for 

the bands at about 352 and 366 nm [18]. The 

4T1g→4A2g and 4T1g→4T1g(p) transitions are 

responsible for the d-d bands at 670 nm and 762 nm, 

respectively, for an octahedral d7 geometry with a 4F 

ground term. With a magnetic moment value of 1.82 

BM, the cobalt adducts low spin octahedral geometry 

was confirmed. Magnetic moment ranges from 1.70 

to 1.85 BM in low spin octahedral cobalt complexes 

and from 4.7 to 5.2 BM in high spin octahedral cobalt 

complexes [19-21]. According to an octahedral d8 

system in the 3F ground term, the nickel adducts 

displayed visible bands for the 3A2g→3T1g(F) and 

3A2g→3T1g(P) transitions, as well as bands at 341 nm, 

650 nm, and 686 nm caused by the 𝑛→𝜋∗ transition 

in the UV region [19]. It is not seen in the visible 

spectrum because the 3A2g→3T2g transition 

frequently tails into the infrared [22,23]. The 

magnetic moment value of 2.78 BM supports an 

octahedral geometry; an octahedral d8 system should 

have a magnetic moment between 2.90 and 3.30 BM. 

Perhaps antiferromagnetic is the cause of the lower 

value. A square planar nickel (II) complex will have 

a zero moment, whereas a tetrahedral d8 system will 

have a magnetic moment of 3.20–4.10 BM [22]. 

A large spectrum is anticipated for octahedral d9 

copper complexes because of the 2Eg→2T1g with a 

2D ground term. However, a splitting of 2Eg and 2T2g 

into 2B1g, 2A2g, and 2B2g, 2Eg, respectively, is 

typically found for the Jahn-Teller effect, which is 

generated by asymmetrical filling of the Eg set of 

orbitals[24]. The transitions may therefore resolve 

into two or three absorption band components, or they 

may lie inside a single envelope. At 355 nm, the 

ligand bands for the copper adduct were detected and 

attributed to the 𝑛→𝜋∗ transition. Due to the Jahn-

Teller effect, the d-d transition was detected at 539 

and 545 nm. Regardless of shape, the magnetic 

moment for a mononuclear copper complex ranges 

between 1.9 and 2.2 BM. The mononuclear character 

of the copper adduct was aided by its magnetic 

moment of 2.02 BM. 

Three weak bands, one ligand band, and two 

forbidden transition bands characteristic of 6-

coordinate octahedral geometry were observed in the 

Mn(II) adduct at 340, 556, and 650 nm. These bands 

were attributed to 𝑛 → 𝜋∗ and the forbidden 

transitions of 6A1g → 4T1g and 6A1g → 4T2g (G). 

Mn(II) complexes' effective magnetic moments 

should be near the spin-only value of 5.90 BM. The 

ground term is 6A1g, hence the orbital contribution is 

zero. Accordingly, this complex is high spin and 

complementary to octahedral geometry, as evidenced 

by the measured moment of 5.71 B.M [25]. 

The measurement of molar conductivity of 

complexes electrolytic nature was assessed at a 

concentration of 10−3 M in DMSO. For NiL2Py2, 

CuL2Py2, CoL2Py2, and MnL2Py2, the molar 

conductivity values were 19.16 Ω−1cm2 mol−1, 13.06 

Ω−1cm2 mol−1, 24.4 Ω−1cm2 mol−1, and 10.84 Ω−1cm2 

mol−1. The complexes were nonelectrolyte in nature, 

according to the data [26,27]. 

Studies of solvent extraction of ligand added to 

the aqueous phase, it combines with nickel and 

copper to create colorful metal complexes that move 

from the aqueous phase into the organic phase. In just 

three minutes, the color developed to its fullest 

(Scheme 1). The ligand caused the nickel solution to 

turn greenish and the copper solution to turn reddish-

brown. At various pH levels, the simultaneous 

measurement of Ni2+ and Cu2+ in the aqueous phase 

was used to study the ligand's metal ion extraction 

(table 1). 

 
Table (1) Extraction efficiency of nickel ion at different pH 

levels 

 

pH 

Amount of metal 
found in the 

aqueous phase 
(μg/mL) 

Amount of metal 
found in the 

organic phase 
(μg/mL) 

Percentage 
extraction 

(%) 

1.2 2.95 85.86 96.7 

2.5 3.42 85.39 96.2 

3.2 3.04 85.77 96.6 

4.2 1.96 86.85 97.8 

5.3 1.52 87.29 98.3 

6.5 1.14 87.67 98.7 

7.3 1.02 87.79 98.9 

8.2 1.21 87.60 98.6 

9.3 1.18 87.63 98.7 

10.2 0.86 87.95 99.0 

 

The extractability and selectivity of metal ions 

were evaluated as a function of pH. The pH of the 

aqueous solution before extraction was varied from 

1.2 to 10.2 by using solutions of HNO3 (0.1 M) and 

NaOH (0.1 M). The percentage extraction and 

distribution ratio are described in Tables 2 and 3, and 

the graphical presentation is given in Figure 1. The 

obtained results are expressed in terms of the 

extraction ratio (%) and the partition coefficient D 

(tables 2 and 3) 

𝑅% =
[𝑀𝑖]−[𝑀𝑓]

[𝑀𝑖]
× 100%

𝐷 =
[𝑀𝑖]−[𝑀𝑓]

[𝑀𝑖]

}   (1) 

𝑆𝑓 =
𝐷Ni

𝐷Cu
     (2) 
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where [𝑀𝑖] and [𝑀𝑓]are the initial and final 

concentrations in the aqueous phase. The degree of 

separation was determined in terms of separation 

factor, 𝑆𝑓, defined as the ratio of distribution ratio for 

copper ion. 

 
Table (2) Extraction efficiency of copper ion at different pH 

levels 

 

pH 

Amount of metal 
found in the 

aqueous phase 
(μg/mL) 

Amount of metal 
found in the 

organic phase 
(μg/mL) 

Percentage 
extraction 

(%) 

1.2 4.08 91.40 95.70 

2.5 4.29 91.19 95.50 

3.2 4.63 90.85 95.10 

4.2 3.99 91.49 95.80 

5.3 3.27 92.21 96.60 

6.5 3.05 92.43 96.80 

7.3 2.68 92.80 97.20 

8.2 2.71 92.77 97.20 

9.3 2.42 93.06 97.50 

10.2 1.32 94.16 98.60 

 

 

 
Fig. (1) Effect of pH on the extraction of copper ion or nickel 

ion extraction by N-methyl-N-phenyl dithiocarbamate 

 

 
 

Fig. (2) Job’s curves of equimolar solutions at 622nm copper 

ion and 640nmnickel ion extraction 

 

Table (3) Experimental data for nickel (II) and copper (II) 

extraction by Job’s continuous variation method 

 

Metal: 
ligand mL 

Absorbance for nickel (II) 
complex 

Absorbance for nickel (II) 
complex 

0: 6 0.124 0.148 

1: 5 0.168 0.322 

2: 4 0.243 0.377 

3: 3 0.201 0.351 

4: 2 0.104 0.231 

5: 1 0.084 0.191 

6: 0 0.051 0.172 

 

 
Scheme (1) Studies of Solvent Extraction with ligand nickel and 

copper 
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