
 
Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

International Journal of Engineering & Technology, 7 (4.42) (2018) 102-106 
 

International Journal of Engineering & Technology 
 

Website: www.sciencepubco.com/index.php/IJET 

 

Research paper 
 

 

 

 

Characterization and Anti-Corrosion Study on Different  

Substituents of Ni(Ii) Dithiocarbamate Complexes 
 

S. R. Mohd Zambri, N. S. Habdul Latif, N. N. Mohd Zulkamal Punnia, S. A. I. Sheikh Mohd Ghazali and N. N. 

Dzulkifli* 

 
Faculty of Applied Science, Universiti Teknologi MARA, Kuala Pilah, Negeri Sembilan, Malaysia 

*Corresponding author E-mail: nurnadia@ns.uitm.edu.my 

 

 

Abstract 
 
Dithiocarbamate is a ligand that can act as a corrosion inhibitor due to the presence of sulphur and nitrogen atoms. Ni(II) N-
methylcyclohexyl dithiocarbamate, Ni[MeCycHexdtc]2 and Ni(II) N-ethylcyclohexyldithiocarbamate, Ni[EtCycHexdtc]2 complexes 
were synthesized through direct synthetic method at room temperature and characterized using the Elemental Analyzer (CHNS), Fourier 
Transform Infrared-Attenuated Total Reflectance (FTIR-ATR), Ultraviolet-Visible (UV-Vis), Nuclear Magnetic Resonance (NMR), 
molar conductivity, and gravimetric analysis. The Ni[MeCycHexdtc]2 complex had indicated a square planar geometry, but it was not the 

case for the Ni[EtCycHexdtc]2 complex which showed a tetrahedral geometry. The efficiency of the synthesized inhibitors was studied in 
different concentrations; 0.001 M, 0.01 M, and 0.1 M (1 M HCl and 1 M H2SO4) at room temperature. 
 
Keywords: concentration; corrosion in hibitor; dithiocarbamate; mild steel; acid. 

 

1. Introduction 

Schiff bases or imines are carbonyl group compounds of an alde-
hyde or a ketone which has been replaced by an imine or 
azomethine group [1]. It is represented by the general formula 
R1R2C=NR3, where R can be a substituent. Metal dithiocarbamate 
complexes are widely studied due to their metal binding property 
and chelates which play a crucial part in the biological, agricultur-
al, and industrial fields [2]. Dithiocarbamates are sulphur-nitrogen 
containing ligands that exhibit a rich and varied coordination 

chemistry. They also provide a wide range of transition and main 
group metal complexes [3]. Dithiocarbamate is a versatile class of 
monoanionic 1,1-dithio ligand which forms stable complexes with 
transition and non-transition metal ions and shows a variety of 
coordination modes [4]. The possession of two donor sulphur 
atoms in the ligand greatly influences the chelating properties of 
dithiocarbamate [5]. It has been proven that Ni(II) dithiocarbamate 
complexes display stimulating variations in reaction to soft Lewis 

bases like phosphines and hard nitrogenous bases [6]. There are 
different coordination modes for dithiocarbamate complexes in-
cluding bidentate, anisodentate and monodentate. The synthesis 
structure of Ni(II) dithiocarbamate complexes lies on the bidentate 
mode due to the coordination of the Ni atom to four sulphur atoms 
of ligands. 
Mild steel is used in trials for corrosion analysis. Mild steel is one 
of the essential engineering tools due to its low cost and excellent 

mechanical property which cause it to be broadly used as a con-
struction material in many industries. As mild steel may be brutal-
ly attacked by acid solutions used in various industries, inhibited 
acid solutions are frequently used in place in order to reduce cor-
rosion due to voluntary or involuntary attack by the acid on metals 
[7]. Here, a study on the anti-corrosion screening of metal 
dithiocarbamate complexes will be conducted to evaluate the ef-
fectiveness of anti-corrosion agents in an acidic medium to pre-

vent severe corrosion, especially for metals used in industries. The 
hypothesis of anti-corrosion screening emphasizes that as the in-
hibitor concentration increases, the inhibition efficiency on mild 
steel also increases.  
The objectives of the study are focused on synthesizing 
Ni[MeCycHexdtc]2 and Ni[EtCycHexdtc]2 complexes and charac-
terizing these complexes using the Ultraviolet-Visible (UV-Vis), 
Elemental Analyzer (carbon, hydrogen, nitrogen and sulphur), 

Nuclear Magnetic Resonance (NMR), Fourier Transform Infrared-
Attenuated Total Reflectance (FTIR-ATR), molar conductivity, 
and gravimetric analysis.  

 

2. Results and Discussion 

 
2.1. Physical Measurements 

 
The physical characteristics of the synthesized inhibitors, 
Ni[MeCycHexdtc]2 and Ni[EtCycHexdtc]2 are shown in Table 1. 

There are differences in terms of colour, gravimetric analysis, 
melting point, molar conductivity and elemental analysis (CHNS). 
Gravimetric analysis was conducted to investigate the metal per-
centage of the synthesized inhibitors. The analysis was carried out 
with temperatures ranging from room temperature to 600 °C. Mo-
lar conductivity was conducted at 1 x 10-3 M. Both complexes 
were neutral complexes as the molar conductivity for both using 
25 mL of DMSO solvent were in the range of non-electrolyte 
complexes. The percentages of carbon, nitrogen, hydrogen, and 

sulphur were determined using an elemental analyser for both 
Ni[MeCycHexdtc]2 and Ni[EtCycHexdtc]2. The proposed struc-
tures for the synthesized inhibitors, Ni[MeCycHexdtc]2 and 
Ni[EtCycHexdtc]2 are tabulated in Table 2. 
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Table 1: Physical characteristics of synthesized inhibitors 

 
 

Table 2: Proposed structures of synthesized inhibitors 

Name Structures 

Ni[MeCycHexdtc]2 

 

Ni[EtCycHexdtc]2 

 
 

2.2. Fourier Transform Infrared-Attenuated Total Re-

flectance (FTIR-ATR) 

 
Table 3 shows the selected FTIR-ATR stretching bands for the 
starting materials and complexes. The FTIR-ATR spectra were 
recorded at a range of 650 to 4000 cm-1. The dithiocarbamate had 
three main regions where the v(C-N) of the NCS region ranged 
from 1580-1450 cm-1, v(C-S) of S-C=S was around 1060-940 cm-1 
and M-S arose at the range of 420-250 cm-1 [8]. The stretching 

band of v(C-N) was 1449 cm-1 for both N-MeCycHex and N-

EtCycHex. The v(C N) that appeared at 1470-1500 cm-1 was 

assigned as a thioureide band [9]. A sharp and narrow stretching 

band from the complexes showed the peaks of v(C N) at 1497 

cm-1 (Ni[MeCycHexdtc]2) and 1485 cm-1 (Ni[EtCycHexdtc]2) due 
to its partial double bond character. The band appeared at a greater 
wavenumber due to the delocalisation of electrons towards the 
centre metal after being coordinated with the dithiocarbamate 
ligands [8]. The region of v(C=S) of CS2 was shown at the peak of 
1541 cm-1, while for Ni[MeCycHexdtc]2 and Ni[EtCycHexdtc]2, 

the bands of v(C S) were at 1008 cm-1 and 1006 cm-1, respective-

ly. This condition proved the structure of Ni(II) complexes in 
which the stretching band shifted to a lower wavenumber due to 
the decrease of the carbon-sulphur double bond character to a 

partial double bond character. The decline of wavenumber at 
about 100 cm-1 verified the fact that the dithiocarbamate ligand 
had bonded to the metal ion through the S atom [10].  
The stretching band of v(N-H) disappeared at both complexes 
after the hydrogen from the amine was deprotonated by ammonia 
as tabulated in Table 3. The infrared absorption spectra of the 
metal dithiocarbamate complexes were verified to be a vital ele-
ment in the analysis of the coordination mode of the monodentate 
or bidentate of the dithiocarbamate ligands. The v(C-S) band de-

tected at 1012 cm-1 was designated as a bidentate chelating mode 
of the ligand towards the metal cation [11]. In general, the pres-

ence of only one band in the 1000  70 cm-1 region is attributed 

to its bidentate character. Meanwhile, the splitting of the same 
band in the same region is attributed to its monodentate character 
[12]. The bidentate character of Ni complexes was also reported 

with the observation of a single peak in that region: 1008 cm-1 
(Ni[MeCycHexdtc]2) and 1004 cm-1 (Ni[EtCycHexdtc]2). 

 
Table 3: Selected FTIR-ATR absorption for starting materials and metal 

complexes, cm
-1 

 
 

2.3. Ultraviolet-Visible (UV-Vis) 
 
The electronic spectra showed the transitions that appeared in both 
complexes at the range of 200-500 nm. At region 320 nm (n-π* 
transition), the absorption peak showed a sulphur atom character 

due to its non-bonding electron. However, it tended to disappear, 
indicating a bidentate linkage between the ligand with a metal ion. 
This might be due to the bonding between carbon and sulphur 
which formed a double bonding to partial bonding. The π-π* tran-

sition in the complexes at 260 nm showed (S C S) and 

(S C N) chromophores which were not observed in the com-

plexes. The absorption peak of amine to complexes shifted to a 
higher wavelength. There was a new absorption peak, thus show-
ing that the d-d transition existed in both complexes and proving 
that the complexes were successfully formed.  
 

2.4. Nuclear Magnetic Resonance (NMR) 
 
A complete list of 1H NMR and 13C NMR data of the synthesized 

inhibitor, Ni[MeCycHexdtc]2, is summarised in Table 4. The 1H 
NMR statistics provide the formation of synthesized inhibitors as 
specified by the presence and integration of C-H protons of the 
dithiocarbamate groups [13]. The 1H NMR spectrum of 
Ni[MeCycHexdtc]2 displayed a singlet at 3.01 ppm corresponding 
to the methyl proton (-CH3). The CH3 proton attached to the nitro-
gen still appeared upfield due to its proton integration correspond-
ing to the three which were better shielded [14]. The 
Ni[MeCycHexdtc]2 complex was recognised as a square planar 

complex due to the diamagnetic characteristic of its nickel(II) 
atom. This was proven by the outcome from 1H NMR where the 
cyclo compound (-CH2) was found from regions 1.05 ppm to 1.79 
ppm, while the hydrogen at –CH in the cyclo compound was 
found from regions 4.17 ppm to 4.23 ppm. The presence of the 
nitrogen atom caused the hydrogen that was attached to the carbon 
to be de-shielded to downfield. The nitrogen atom was attracted 
towards the carbon atom due to its electron-drawing effect, thus 

reducing the electron density of the proton that was attached to the 
carbon [15].  

 
The 13C NMR spectrum of Ni[MeCycHexdtc]2 was also consistent 
with its structure. There were very intense peaks at the 3.32 ppm 
region which proved the existence of the DMSO solvent in 13C 
NMR. Moreover, in 13C NMR, there were only six peaks, which 
means that the amount of carbon in the Ni[MeCycHexdtc]2 com-

plex was symmetrical. The 13C chemical shifts of thioureide car-
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bon atoms were correlated to the π bonding in the NCS2

-. The 
chemical shift at the 203.94 ppm region showed the thioureide 
carbon (–CS2) characteristic. The downfield signal of thioureide 
carbons was due to the mesomeric shift of electron density from 
dithiocarbamate moiety towards the metal centre [16]. Whereas, 
the methyl carbon (-CH2) in Ni[MeCycHexdtc]2 was de-shielded 
due to the bonding with nitrogen from the thioureide π system, 
and the signal was observed at 58.83 ppm. Meanwhile, the 

Ni[EtCycHexdtc]2 complex showed no peak from each carbon 
which proved its paramagnetic and tetrahedral complex. Therefore, 
it was impossible to show any peak due to the high spin of the 
complex. 

 
Table 4: 

1
H NMR and 

13
C NMR of Ni[MeCycHexdtc]2 

 
 

2.5. Corrosion Inhibition Study 
 
The effect of the addition of synthesized inhibitors at different 
concentrations on the corrosion of mild steel in 1 M HCl and 1 M 
H2SO4 solution was studied using the weight loss method at room 
temperature after 24 hours of immersion [17]. Different concentra-
tions of synthesized inhibitors were also studied in acidic medi-
ums of 0.001 M, 0.01 M, and 0.1 M. The corrosion rate (CRW) and 
inhibition efficiency (ηw) in the absence and presence of various 

concentrations of inhibitors are presented in Tables 5 and 6. The 
initial and final weight of mild steel in the acid immersion was 
compared to examine the CRW and ηw of the synthesized inhibitors. 
Figures 1 and 2 show that different concentrations of inhibitors 
had influenced the inhibitor efficiency in 1 M HCl and 1 M H2SO4. 
The calculated values of ηw of the synthesized inhibitors indicated 
that ηw increased with increases in inhibitor concentration, with a 
maximum ηw of 26.0 % and 16.4 % in 1 M HCl for 
Ni[MeCycHexdtc]2 and Ni[EtCycHexdtc]2, respectively. Mean-

while, in 1 M H2SO4, there was a maximum  ηw of 45.0 % and 
51.6 % respectively using the 0.1 M inhibitor concentration.  
The corrosion inhibition of Ni[MeCycHexdtc]2 and 
Ni[EtCycHexdtc]2 in 1 M HCl and 1 M H2SO4 can be explained in 
terms of adsorption of its molecules on the surface of the mild 
steel [17]. This enhancement is due to the carbon and oxygen at-
oms of the adsorbed compound which supported the absorption of 
the Schiff base onto the surface of the mild steel to slow down 

corrosion [18]. Figure 3 shows that in 1 M HCl, 
Ni[MeCycHexdtc]2 is more efficient than Ni[EtCycHexdtc]2. The 
corrosion activity in H2SO4 is higher than HCl because of the 
presence of high concentrations of H+ in H2SO4 which makes it 
more corrosive compared to HCl [19]. H2SO4 is highly corrosive 
as emphasized by its highly exothermic (heat generating) reaction 
with water [20]. The formulas for corrosion rate, CRW and inhibi-
tor efficiency, ηw are shown below: 

 

21 wwW              (1) 
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             (2) 
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Where: 
W1 = The initial weight of mild steel before immer-

sion (g). 
W2 = The final weight of mild steel after immersion 

(g). 
∆W = The weight loss (g). 
S = Surface area of the mild steel (cm). 
T = Time of immersion (h). 
CRW = The corrosion rate in the presence of inhibitor 

(g cm-2 h-1). 
C°RW = The corrosion rate in the absence of inhibitor 

(g cm-2 h-1). 

ηw = The percentage of inhibitor efficiency (%). 
 

Table 5: Corrosion inhibitor data using 1 M HCl 

 
 

Table 6: Corrosion inhibitor data using 1 M H2SO4 
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Fig. 1: Graph of concentration of inhibitors, M versus inhibitor efficien-

cy, % in 1 M HCl 

 

 
Fig. 2: Graph of inhibitor concentration, M versus inhibitor efficiency, % 

in 1 M H2SO4 

 

 
Fig. 3: Comparison graph of acid type versus inhibitor efficiency between 

1 M HCl and 1 M H2SO4 

 

3. Experimental 

 
3.1. General Methods 

 
The infrared spectra were determined using the mid-infrared Fou-
rier Transform Infrared- Attenuated Total Reflectance (FTIR-ATR) 
Perkin Elmer model GX Spectrophotometer at a range of 4000-
600 cm-1. The electronic absorption spectra were studied using the 

Ultraviolet-Visible (UV-Vis) PG instrument T80/T80+ spectro-
photometer at a range of 200-800 nm with methanol as a solvent. 
1H and 13NMR spectra were dignified by the JEOL JNM-ECP 400 
MHz Nuclear Magnetic Resonance (NMR) spectroscopy. The 
elemental analyser model Flash EA110 was used to determine the 
percentages of carbon, nitrogen, hydrogen, and sulphur in the 
complexes. The percentage of metal was acquired using the SI 
analytic Lab 970 Conductivity meter at a concentration of 1 x 10-3 

M and using DMSO as a solvent. 

 

3.2 Chemical synthesis 

 
1) Synthesis of Ni(II) complexes 

The ratios for amine, carbon disulphide (CS2), and salt were 2:2:1, 
respectively. 2 mmol of carbon disulphide was added into 2 mmol 

of an ethanolic solution of N-methylcyclohexylamine (N-
MeCycHex) in a 250 mL conical flask, and the mixture was stirred 
at room temperature for 30 minutes. Following that, 5 drops of 
ammonia were added to the mixture and the stirring was continued 
for 30 minutes. Then, 1 mmol of an ethanolic solution of nickel (II) 
nitrate was added to the mixture under continuous stirring for 2 
hours in order to ensure the complete synthesis of the complex 
which allows for the formation of precipitate. The precipitate was 

collected by filtration and rinsed with hexane. Then, it was dried 
in a desiccator. The product was then recrystallized to obtain a 
pure compound and was characterized using the Fourier Trans-
form Infrared- Attenuated Total Reflectance (FTIR-ATR) spec-
troscopy, Ultraviolet-Visible (UV-Vis) spectrophotometer, CHNS 
Analyser, and Nuclear Magnetic Resonance (NMR) spectropho-
tometer. The product was also analysed for its molar conductivity, 
gravimetric analysis, and corrosion inhibition. The same proce-

dure was repeated for the synthesis of Ni[EtCycHexdtc]2 using 
another amine, N-ethylcyclohexylamine (N-EtCycHex). 
1) Gravimetric Analysis 
0.03 g sample was weighed in a crucible and distilled water was 
added to hydrate the sample. 9 M of H2SO4 was added drop by 
drop into the sample afterward. The sample was then burnt in a 
muffle furnace starting from room temperature up to 600 °C. Next, 
the sample was cooled at room temperature and reweighed. The 

procedure was repeated until a constant mass was obtained. 
2) Molar conductivity 
The value of molar conductivity was measured using a DMSO 
solvent at room temperature at the concentration of 1 x 10-3 M. 
The sample was diluted in 25 mL of DMSO solvent. A probe was 
inserted into the solution to read the molar conductivity value in 
µS/cm. 
 

3.3 Corrosion Inhibition Study 
 

1) Preparation of acid and inhibitor solutions 
For the corrosion inhibition study, 1 M HCl and 1 M H2SO4 were 
prepared using the formula M1V1 = M2V2. The HCl and H2SO4 
were chosen as acid mediums for the anti-corrosion screening to 
compare the effectiveness of the inhibitor on the corrosion of mild 
steel under different acidic environments. Different inhibitor con-
centrations were set; 0.001 M, 0.01 M, 0.1 M, and 1 M.  
2) Weight loss technique 

Mild steel was selected to be tested in the weight loss analysis. 
The mild steel was cut into a 2 cm x 3.5 cm rectangular sheet, 
scraped using emery paper and then rinsed with distilled water, 
followed by acetone. It was then dried at room temperature. The 
initial weight of the mild steel was taken using an analytical bal-
ance. The mild steel was immersed in 10 mL of 1 M HCl with and 
without the inhibitor and left immersed for 24 hours at a tempera-
ture of 40 °C. Then, the mild steel was rinsed with distilled water, 
dried at room temperature and reweighed to define the weight loss 

occurred. The test was repeated for different concentrations of 
inhibitors; 0.001 M, 0.01 M, and 0.1 M. The whole procedure was 
also repeated for the 1 M H2SO4.  

 

4. Conclusion 

 
The chemical structure of the synthesized inhibitors, 

Ni[MeCycHexdtc]2 and Ni[EtCycHexdtc]2 can be confirmed using 
the elemental analyzer (CHNS), FTIR-ATR, UV-Vis, NMR, grav-
imetric analysis and molar conductivity. Additionally, the synthe-
sized inhibitors both showed distinctive bidentate characteristics 
as supported by the characterization of the complexes. The inhibi-
tion performance of Ni[MeCycHexdtc]2 and Ni[EtCycHexdtc]2 on 
mild steel was investigated using the weight loss method. As a 
result, it was shown that inhibition efficiency increases with in-

creases in inhibitor concentration. The corrosion rate occurring in 
1M H2SO4 on the mild steel was superior to 1 M HCl due to its 
high concentration of H+. 
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