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Abstract— Organotin(IV) compounds have received tremendous
attention for their synthesis, characterization and biological
activities and their ability to bind with sulfur ligand such as
dithiocarbamate ligand.  Organotin(IV) dithiocarbamate
complexes can be synthesized by the reaction of carbon
disulphide with secondary amine. Four new organotin(IV)
dithiocarbamate complexes were successfully synthesized by the
reactions between di-2-ethylhexyldithiocarbamate, Ci1sH34NCS:
and N-methylbutyldithiocarbamate, CsHi2NCS:2 with
dibutyltin(IV) dichloride and triphenyltin(IV) chloride, RxSnClx
(R = Bu, Ph) and (x =1, 2 or 3). These series of complexes were
synthesized using “in situ” insertion method and characterized
by determination of melting point, CHNS elemental analysis,
infrared spectroscopy (FT-IR) and UV-vis spectroscopy. The
melting points of the synthesized compounds were in the range
88.3 - 128.4 °C. The experimental CHNS data of the compounds,
mostly exhibit the calculated CHNS values. Using infrared
spectra (FT-IR), the formation of organotin(IV) dithiocarbamate
complexes were confirmed by the presence of v(C=N") at 1464 -
1497 em!, v(C-S) at 963 - 1025 cm’! and v(Sn-S) at 412 - 445 cm™!
in all complexes. Besides that, the UV-vis analysis showed the
peaks chromophore of N=C within range 259 - 260 nm,
nonbonding electron on sulphur and charges transferred between
the tin metal and ligand (M-L). Using TGA analysis, complex 1
and 3 show two degradation curve but complex 2 and 4 shows
only one degradation curves. The antibacterial activity of all
synthesized organotin(IV) dithiocarbamate complexes were then
determined towards four types of bacterial strains which were
Escherichia coli, Staphylococcus aureus, Salmonella thypi and
Bacillus cereus. Penicillin was used as positive control and
streptomycin as negative control in order to compare diameter of
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inhibition zone between both controls and complexes. From
antibacterial test, almost all synthesized complexes were found to
give positive results. Thus, it can be concluded that the complexes
formed do have applications in biological and medical aspects.

Keywords- Organotin; Dithiocarbamates (DTCs); Anti-bacterial

I. INTRODUCTION

Organotin(IV) compounds have received tremendous
attention for their synthesis, characterization and biological
activities and their ability to bind with sulfur ligand such as
thione or dithiocarbamate. Organotin compounds contain at
least one bond between tin and carbon [1]. Tin compound has
an ability to form stable bonds with carbon as well as
heteroatoms that have received much attention both in
academic and applied research. The first organotin compound
that was prepared is in 1894 which is diethyl dichloride by Sir
Edward Frankland.

Organotin(IV) compounds of oxygen and nitrogen donor
ligands are well known for their biological activity. Moreover,
some tin complexes are also known to exhibit anti-bacterial
and anti-tumor activity. In the previous report, organotin
compounds have a growing importance in medicine.
Organotin derivatives have caught much attention during the
last two decades for their potential biocidal activities. In recent
years, several organotin compounds have been synthesized,
some with interesting cytotoxic properties [2].
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Dithiocarbamate ligand have formula molecule RoNCSy
and are the half amide of dithiocarbamic acid [3]. It is also the
analogs of carbamate, R;NCO,". The possession of the two
donor sulphur atoms are directly related to the strong metal
binding properties of the dithiocarbamate ligand. The
dithiocarbamate (DTC) ligands are well known compounds
that bind strongly and selectively to many metal ions [4].

Dithiocarbamate also is the ligand which can stabilize the
metal complexes  with  high oxidation  number.
Dithiocarbamate ligands readily form chelates with all
transition metal ions through its two donor sulfur atom. The
dithiocarbamate ligand of organotin(IV) dithiocarbamates may
coordinate to tin(IV) atom in three different ways which
include monodentate, bidentate and anisobidentate [5]. For the
anisobidentate mode the two metal to sulfur bonds are not
equivalent.

Recently, the studies on the synthesis and application of
organotin(IV) dithiocarbamate complexes have increasing
rapidly. Organotin dithiocarbamate complexes have attracted
attention around the world due to their biological property.
Then, we are aiming to synthesize several organotin
complexes by using di-2-ethylhexyldithiocarbamate and N-
methylbutyldithiocarbamate as the ligands and will observe
their antibacterial property against selected bacterial strains
such as S.thypi, E.coli, S.aureus and B.cereus.

II. MATERIALS AND METHOD
A. Reagents

All chemicals and solvents were purchased from suppliers

as follows: acetone, methanol, N-methylbutylamine and
triphenyltin(IV)  chloride (Merck); carbon disulphide,
chloroform, dimethyl sulfoxide and ethanol (Fischer

Scientific); di-2-ethylhexylamine and dibutyltin(IV) dichloride
(Acros). All the chemicals were used as supplied without
purification.

B.  Synthesis of Organotin (IV) Dithiocarbamate Complexes

Four complexes were synthesized using organotin(IV)
dithiocarbamate and dithiocarbamate compound to produce
new organotin(IV) dithiocarbamate complex via in situ
method. In this study, dibutyltin(IV) dichloride and
triphenyltin(IV) chloride, were reacted with secondary amine
which are di-2-ethylhexylamine and N-methylbutylamine in
ethanol and carbon disulphide in ethanol was dropped into the
mixture slowly. Temperature for overall reaction was below 2
°C.

C. Physical Measurement

All synthesized complexes were characterized using basic
spectroscopy and analytical techniques [6]. Melting point
analyzer was used to determine purity and melting point of the
complexes. The range for melting point of pure complex is not
over 3 °C. Then, next characterization was Series 1112
Flashea CHNS microanalysis to analyze elements which exist

in these complexes including carbon (C), hydrogen (H),
nitrogen (N) and sulphur (S) which will be compared with
theoretical percentage.

Besides, frequency of important functional groups in
complexes was recorded by Perkin Elmer 100 FTIR
spectrophotometer which KBr pellet was used at low speed in
the range of 4000 - 400 cm™!. FT-IR spectrum can be used to
show presence of various important functional groups from
molecules and atoms interaction with electromagnetic ray.
Location for IR absorption peak can be determined which
closely related to wave number, v (cm) or wavelength, A
(nm). Meanwhile, for ultraviolet visible absorption, it was
recorded wusing Shimadzu UV-vis spectrophotometer.
Thermogravimetric analysis also has been done to study the
changes in physical properties of the complexes with
temperature [7,8,9].

D. Antibacterial Test

Antibacterial activity using Disc Diffussion Test (DDT)
was carried out to determine antibacterial behaviour of
synthesized organotin(IV) dithiocarbamate against selected
bacterial strain by measuring its inhibition zone ( Two types of
bacterial strains were used; Gram-positive bacteria
(Staphylococcus aureus and Bacillus cereus) and Gram-
negative bacteria (Salmonella thypi and Escherichia coli) were
used in this test [10].

Organotin(IV) dithiocarbamate complex was dissolved in
dimethylsulfoxide (DMSO) at concentration 0.1 mg/ 1000 pL.
Then, this solution was dropped onto both sides of specialized
paper disc and dried in room condition. Paper disc for positive
(penicillin) and negative (streptomycin) control also were
provided.

There were four petri dishes used. Each petri dish
represented different bacteria. Bacterial layer was fully
swabbed onto nutrient agar to make sure cultivation of
bacteria is uniform. Four paper discs which contained various
organotin(IV) dithiocarbamate were put in one petri dish.
Bacteria will not grow if the organotin(IV) dithiocarbamate
were antibacterial agent. Each disc was put far from one
another to avoid overlap of inhibition zone. All of complete
petri dishes were left for 24 hours. In the final procedure,
diameter of inhibition zone was measured using ruler in mm
unit and was compared with positive and negative control.

III. RESULTS AND DISCUSSION

A.  Synthesis of Organotin(IV) Dithiocarbamate Complexes

In this study, four new organotin(IV) dithiocarbamate
complexes were synthesized. In the synthesis of organotin(IV)
dithiocarbamate complexes, the method of in-situ was used.
The entire complex was successfully synthesized by using this
method. These two new complexes were synthesized by
adding organotin(IV) chloride [dibutyltin(IV) dichloride,
(C4Ho)2SnCly, triphenyltin(IV) chloride, (CsHs)3SnCl] into di-

©The Author(s) 2015. This article is published with open access by the GSTF



GSTF Journal of Chemical Sciences (JChem) Vol.2 No.1, June 2015

2-ethylhexylamine in ethanol under 2 °C. The mixture of the
compound was synthesized in the ice bath at the temperature
of 2 °C to avoid the formation of the dithiocarbamic acid
during the reaction process. This mixture was stirred for 1
hour. Then, cold ethanolic carbon disulphide was added
dropwisely into the mixture. After 1 hour, this reaction
produced white solid precipitate which was organotin(IV)
dithiocarbamate complex.

Another two new complexes were synthesized by the same
method of the first series by the reaction between
organotin(IV) chloride with N-methylbutyldithiocarbamate
ligands. The reaction produced white solid precipitate which
shows the formation of organotin(IV) dithiocarbamate
complexes. The synthesis of each complex has taken time
about 2 hours. One hour for the synthesis of dithiocarbamate
ligand and another one hour for the formation of complex
between the ligand and organotin compound. All complexes
were in the form of white precipitate. After filtration and
washed with little cold ethanol and dried, white powder of
complexes were obtained.

Ethanol was used as the solvent in the synthesized for all
organotin(IV) dithiocarbamate complexes. The reason why
ethanol was used as the solvent in this study is because all
organotin(IV) chloride complexes were soluble in these
solvents. The stoichiometric coefficient ratio organotin to
ligand in the synthesis of dibutyltin(IV) complexes is 1:2 [11].
The stoichiometric coefficient ratio organotin to ligand for
synthesis of triphenyltin(IV) dithiocarbamate is 1:1. This is
because there is only one leaving group for triphenyltin(IV)
chloride.

The four new organotin(IV) dithiocarbamate complexes
that were successfully synthesized are dibutyltin(IV) di-2-
ethylhexyldithiocarbamate, Bu,Sn[Ci6H34NCS: ]2,
triphenyltin(IV) di-2-ethylhexyldithiocarbamate,
Ph3SnC6H34NCS;, dibutyltil’l(IV) N-
methylbutyldithiocarbamate, Bu,Sn[S,CNCsHz]» and

triphenyltin(I1V) N-methylbutyldithiocarbamate,
Ph;SnS,CNCsH;.

All  synthesized complexes were successfully
synthesized and characterized to check the purity and structure
of the complexes. All synthesized complexes were
characterized by wusing melting point analysis, CHNS

elemental analysis, thermogravimetric analysis, infrared
spectroscopy (FTIR) and ultraviolet-visible spectroscopy (UV-
vis). Besides that, antibacterial test also was done to all
synthesized organotin(IV) dithiocarbamate. They were tested
against selected gram-positive and gram-negative bacterial
strains such as Bacillus cereus, Staphylococcus aureus,
Salmonella thypi and Escherichia coli.

Physical properties and analytical data of the
organotin(IV) dithiocarbamate complexes are shown in Table
I. The percentage yield of the complexes that have been

obtained based on Table I, shows that complex 1 and 3 have
lower than 50 % of the theoretical yield. The percentage yield
of complex 1 is 44 % and complex 3 is 47 %. For complex 2
and 4, they have more than 50 % of the theoretical yield,
which are 66 % and 78 %. Based on the result obtained,
complex 2 and 4 have been synthesized successfully and as
the early conclusion, the in-situ method used, really worked
for synthesis of complex 2 and 4.

B.  Melting Point Determination

Melting point is a temperature when a solid phase compound
changes into liquid phase. This is a method used to check the
purity of a compound. A compound can be assumed as pure if
it has melting point range less than 3 °C [11]. From the result,
all organotin(IV) dithiocarbamate complexes has melting
point range less than 3 °C. They can be assumed as pure
complexes.

C. Elemental Analysis (CHNS)

Elemental analysis has been done to all of the four
organotin(IV) dithiocarbamate complexes. CHNS elemental
analysis is done to determine the weight percentage of carbon
(C), hydrogen (H), nitrogen (N) and sulphur (S) in molecule.
This analysis also is useful to check purity of the complex [12].
Actual weight percentage of elements will be compared with
the theoretical data.

TABLEI. PHYSICAL PROPERTIES AND ANALYTICAL DATA OF THE
ORGANOTIN(IV) DITHIOCARBAMATE COMPLEXES
Complex Formula Structure Physical Yield MP Element (%)
appearance (%) (o)
C H N S
1 White 44 125.6 36.77 7.03 3.16 13.37
Bu;Sn[Ci¢H3NCS:]. powder - (58.24) (10.00) (3.23) (14.81)
128.4
2 . . White 66 116.2 59.59 5.28 2.63 7.44
Ph:SnCiH3NCS; powder - (63.06) (7.41) (2.10) (9.62)
118.9
3 o White 47 115.2 36.43 6.94 4.22 21.20
BuSn[S;CNCsHyz]2 powder - (43.09) (7.59) (5.02) | (23.01)
117.6
4 White 78 88.3 55.70 4.91 2.34 11.91
Ph;SnS;CNCsH, powder - (56.27) (5.31) 2.73) (12.52)
90.8

*In bracket: Theoretical Value

There are three most important percentage of elements
which are the weight percentage of carbon, hydrogen and
nitrogen. Data for elemental anaylsis for C, H, N and S are in
Table I. From the result, all the values obtained are in the range
of accepted thereotical values except for complex 1 which
shows large difference range between the actual than
theoretical values for carbon. The differences exists probably
because of the presence of impurities or solvent in the analyzed
compound [13].

D. Determination of Complex solubility

The organotin(IV) dithiocarbamate complexes have been
through the solubility test. The solvent that were used are
divided into polar and non-polar solvent. For polar solvent, it
is divided into two group which are polar protic that have the
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hydroxyl (OH) group and can form hydrogen bonding and
polar aprotic that do not have the OH group and cannot
forming any hydrogen bonding.

Polar protic solvent that were used are ethanol, methanol
and water. All complexes did not dissolved in water because
of the bulkiness and there are many hydrocarbon group
attached to this complex. Complex 1 and 2 were soluble in
ethanol but for complex 3 and 4, they were partially soluble in
ethanol. Complex 2 was soluble in methanol but complex 1, 3
and 4 are partially soluble in methanol. Polar aprotic solvent
that were used in the solubility test are acetone and
dimethylsulfoxide. All complexes was soluble in acetone and
dimethylsulfoxide.

Non polar solvents contain bonds between atoms with
similar electronegativities, such as carbon and hydrogen.
Bonds between atoms with similar electronegativities will not
have partial charges. This absence of charges will make these
molecules “non-polar”. For non-polar solvent, chloroform was
used in the solubility test. As the result, all organotin(IV)
dithiocarbamate complexes have successfully soluble in
chloroform.

E. Infrared Spectroscopy Analysis

Infrared spectroscopy (IR) was used to observe the
important band that presents in the complex. Potassium
bromide pellet was used with the range of wavenumber 4000 —
400 cm’!, by using FTIR Spectophotometer Perkin Elmer 100
model. There are some important vibration that can be
observed using IR spectroscopy. There are three important
absorption regions present in IR spectrum for organotin
dithiocarbamate complex [13] as shown below:

1) Absorption at 1550 — 1450 cm’! is assigned as
vibration for functional group (C=N*)

i) Absorption at 1050 — 950 cm™ is assigned as
vibration for functional group (C-S)

iii) Absorption at 350 — 450 cm! is assigned as vibration

for functional group (Sn-S)

Table II shows the important vibrational mode that present
in the organotin(IV) dithiocarbamate complex. The peaks
form has been classified as strong (s), moderate (m) and weak

(w).

Based on the IR spectra of the four organotin(IV)
dithiocarbamate complexes, the absorption of complexes 1, 2
and 3 for (C=N") produced moderate peak at range 1479 -
1464 cm!. But for the absorption of complex 4 for (C=N"), it
produced strong peak at range 1497 cm™'. The dithiocarbamate
ligand of organotin(IV) dithiocarbamates may coordinate to
tin(IV) atom in three different ways which include
monodentate, bidentate and anisobidentate [5]. For the
anisobidentate mode the two metals to sulfur bonds are not
equivalent.

The delocalization of electron will give different effect to
bond of C-S. There are two possibilities will occur, firstly, if a
doublet arises around 1000 c¢m, dithiocarbamate ligand is
monodentate and if singlet appears at around 1000 c¢m’!,
dithiocarbamate ligand is bidentate. A doublet will be formed
when there are two different C-S stretching vibrations [14].

The range of peak for (C-S) value in the synthesized
complexes is 1025 - 963 cm’!. The patterns of bands in all IR
spectra of all complexes are variable. Complex 1 and 3
produced doublet peaks at C-S range. It shows that their
dithiocarbamate ligands are monodentate. However, for
complex 2 and 4, only a single peak was produced in the range
1050 - 950 cm’!. So, the mode of coordination for
dithiocarbamate ligand in complex 2 and 4 should be
bidentate.

The vibration band due to v (Sn-C) stretching usually lies
in the range 625 - 475 cm™! [15]. For complex 1 and 2, it gives
a strong peak at 563 cm™! and 693 cm! respectively are the
area for v (Sn-C) is located. It can be symmetric and
asymmetric.

This vibrational mode of bond is least important, but it can
still be used to determine whether the tin is still existing in the
complex or not. For complex 3, it does not show the peak of v
(Sn-C). But for the absorption of complex 4, it produced weak
peak at range 605 - 567 cm’!.

For the vibration of v (Sn-S), complex 1 and 2 shows this
kind of mode at the range of 412 cm’' and 445 cm’!
respectively. Commonly, this type of vibration shows a very
weak intensity in the spectrum of infrared. For the absorption
of complex 4, it produced a strong peak at the range of 445
cm!. The presence of the peak in the infrared spectrum can
prove the coordination between the ligand and metal bond via
the sulphur atom.

TABLE II. IMPORTANT VIBRATION BANDS PRESENT IN IR SPECTRUM FOR
ORGANOTIN (IV) DITHIOCARBAMATE COMPLEXES

Wavenumber (cm™)
Complex Formula Structure
v(C=N*) | v(C-S) | v(Sn-C) | v (Sn-S)
1464 1025, 563 412
1 BuzSn[Ci6H3sNCS2]2 963
(m) (W) (s) (W)
Ph3SnCi6H3NCS; 1479 997 693 445
2 (m) (w) (s) (m)
1464 1025,
BuzSn[S:CNCsHiz|2 963
3
(m) (W)
14 44
4 PhsSnS:CNCsHi2 97 983 2%57’ 5
(s) (s) (w) (s)

Symbols: s=strong, m=moderate, w=weak
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F.  Ultraviolet visible (UV-vis)Spectroscopy Analysis

Another analysis used in this study is ultraviolet visible
(UV-vis) spectroscopy analysis. This analysis was done to
observe the electronic transition present in synthesized
complexes [14]. Dimethylsulfoxide (DMSO) was used in this
analysis because DMSO is a solvent which does not interfere
with important absorption bands. The cut-off point of the
solvent that be used in the UV-vis spectroscopy analysis is at
265 nm.

All  four synthesized organotin(IV) dithiocarbamate
complexes were successfully dissolved in DMSO. These
complexes must dissolve completely in the solvent because it
is important to ensure there is no undissolved component
which can block UV-vis ray passing through solution before it
can be run in the spectroscopy. The concentrations for the
complexes are 1.00 x 10* M and 1.00 x 103 M and the
wavelength range of absorption spectrum was in the range of
200 - 400 nm.

In the organotin(IV) dithiocarbamate complex, the (N=C)
chromophore and sulphur atom that contain lone pair are the
two important bands in order to prove the formation of the
complex. The addition of another band also can appear in the
spectrum because of metal-ligand charge transfer [16].

Dithiocarbamate usually will show three bands in UV
region which are m-m* transition of N-C=S system, m-m*
transition of S-C=S and also n-n* transition of lone pair at
sulphur atom [17]. As shown in the Table III, complex 1 show
the absorption of the (N=C) chromophore at 260 nm, complex
2 at 259 nm, complex 3 at 260 nm and complex 4 at 260 nm.

TABLE III. ANALYSIS OF UV-VIS SPECTROSCOPY OF ORGANOTIN (IV)
DITHIOCARBAMATE COMPLEXES

Complex A (nm) / Log £ (Lmol'cm™)
(N=C) Transition Sulpshur, Transition M-L Transition
1 226%/ m- ¥ - - 228‘15/ n-m*
2 2 nomr | 264734 R U
e I
4 22%/ n- ¥ - 239‘%/ n-m*

The absorption band of (N=C) chromophore due to the
intramolecular © - ©* transitions in dithiocarbamate ligand.
With this chromophore existence, it shows the involvement of
NCS, group in the complexes. Atom sulphur that contain lone
pair shows the bands exist which arising from nonbonding
electron of sulphur due to n- n* transitions. Only complex 2
show the bands of sulphur.

The third absorption band in the spectra belongs to the
absorption of change transition from metal to ligand (M-L).
The transition of electron form dn-pmt bond between p-orbital
of sulphur and empty 5d orbital of tin. The absorption band for
the transition can be observed clearly as shoulder due to the
extended conjugation of the complexes. The absorption band
for complex 1 at 281 nm, complex 2 at 301 nm, complex 3 at
279 nm and complex 4 at 296 nm.

G. Thermogravimetric Analysis(TGA)

Thermogravimetric analysis is analytical technique that
used to study changes in physical properties with temperature.
Thermogravimetric analysis measures mass of sample in a
specified atmosphere as the temperature of sample is
programmed [18]. This analysis was carried out from room
temperature to the temperature of 800 °C with 10 °C/minutes
in nitrogen gas.

Based on the data obtained, all complexes start to degrade
with temperature above 150 °C. For complex 1 and 3, it
produces two degradation processes in this thermal analysis.
For complex 1, the first degradation occurs at temperature
around 250 °C and the second degradation occurs at
temperature around 345 °C. Besides that, complex 3 also
produces two degradation processes in this thermal analysis.
The first degradation occurs at temperature around 245 °C and
the second degradation occurs at around 350 °C. The presence
of two degradation curve shows that complex 1 and 3 are more
stable.

On the other hands, for complex 2 and 4, they produced
only one degradation processes in this thermal analysis. For
complex 2, the degradation curve occurred at temperature
around 150 °C. For complex 4, this complex started to degrade
and produced only one degradation curve at temperature
around 260 °C. The presence of only one degradation curve
shows that complex 2 and 4 are thermally less stable
compared to the complex 1 and 3 that produced two
degradation curves.

H. Antibacterial Test

The result for antibacterial test is shown in Table IV.
According to the table, all complexes exhibit antibacterial
behavior against selected Gram-positive and Gram-negative
bacteria test strains. The positive and negative controls used
were penicillin and streptomycin. Streptomycin did not
produce inhibition zone for all bacterial strains which will
guarantee the result produced is accurate. By referring to the
Table IV, every synthesized complex can act as antibacterial
agent against almost all selected bacterial strains.

All of the synthesized complexes produced antibacterial
activity against all selected bacterial strains. Most of
organotin(IV) dithiocarbamate complexes can inhibit bacteria
growth due to the biological activity of organotin and
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dithiocarbamate compounds [19]. The result for inhibition
zones can be classified according to their size.

According to the data collected, all compounds showed
broad spectrum activities toward Gram-positive and Gram-
negative bacteria. However, the biological activities indicated
only moderate to weak activities. Complex 1 shows weak
inhibition zone against two bacterial strains which are B.
cereus and S. typhi. For complex 2, it also shows weak
inhibition zone against selected bacterial strains which are S.
aureus and E. coli. Besides that, complex 3 shows active
interaction against S. aureus and E. coli but weak inhibition
zone and no inhibition zone against other two bacterial strains.
For complex 4, it shows active interaction against S. aureus,
B. cereus and S. #yphi and no inhibition zone against E. coli.

The result for complex 4 is better than complex 1, complex
2 and complex 3 against Gram-positive bacteria. This is
because triorganotin compounds are more biologically active
than diorganotin compounds. Besides, type of organic ligand
bonded to central tin also plays major role in its biological
activity. Presence of phenyl groups at central tin like in
triphenyltin(IV) N-methylbutyldithiocarbamate (complex 4)
will produce higher toxicity for the complex against bacteria
[20].

TABLE 1V. RESULT OF ANTIBACTERIAL TEST USING DISC DIFFUSION TEST

Samples
Positive | Negative
> 1 2 3 4
Bacteria control | control
Inhibition zone (mm)
Staphylococcus 9 X X X X 8
aureus
Bacillus cereus 13 X 8 8 7 10
Salmonella typhi 8 X 7 X X 8
Escherichia coli 7 X X 7 7 X
X: No inhibition
CONCLUSION
Recently, studies on synthesis, characterization and

biological activity test towards organotin(IV) dithiocarbamate
have attracted attention. In this study, ligands which are di-2-
ethylhexyldithiocarbamate and N-methylbutyldithiocarbamate
were reacted to two organotin(IV) complexes which are
dibutyltin(IV) and triphenyltin(IV) complexes.

Four complexes of organotin(IV) dithiocarbamate were
successfully synthesized and characterized by using melting
point, infra-red spectroscopy (FTIR), ultraviolet visible
spectroscopy (UV-vis), CHNS elemental analysis and
thermogravimetric analysis (TGA). All of the synthesized
complexes were characterized using basic spectroscopy to
check the bonding characteristics for all products.

The four new organotin(IV) dithiocarbamate complexes
that were successfully synthesized are dibutyltin(IV) di-2-
ethylhexyldithiocarbamate, Bu,Sn[Ci6H34NCS, ],
triphenyltin(IV) di-2-ethylhexyldithiocarbamate,
Ph3SnC6H34NCS», dibutyltin(IV) N-
methylbutyldithiocarbamate, Bu,Sn[S>CNCsHio ), and
triphenyltin(IV) N-methylbutyldithiocarbamate,
Ph3SHSzCNC5H1_

Melting point analysis was used on all of the complexes to
check the purity of a compound. A compound can be assumed
as pure if it has melting point range less than 3 °C. The small
melting range showed that all the complexes almost pure.
Besides that, elemental analysis has been done to all four
organotin(IV) dithiocarbamate complexes. CHNS elemental
analysis is done to determine the weight percentage of carbon
(C), hydrogen (H), nitrogen (N) and sulphur (S) in molecule.
Based on the analysis, all values are within the acceptable
range and the percentage of the elements for experimental
value agreed with the theoretical values

There are three important peaks which can be observed in
IR spectra. They are the vibration of (C=N*), (C-S) and (Sn-
S). The presence of these peaks in the spectra will ensure that
dithiocarbamate ligand is coordinated to central tin. Based on
the result from the analysis of FT-IR, the formation of ligands
were confirmed by the presence of w(C=N") at 1464 - 1497
cm’!. The stretching of w(C-S) at 963 - 1025 cm’! can
determine the symmetrical or unsymmetrical bonding of
dithiocarbamate ligand whether as bidentate, anisobidentate or
monodentate ligand. The stretching of v(Sn-S) at 412 - 445
cm’!' can conclude that the dithiocarbamate ligand has been
coordinated with metal tin to form a complex.

Another analysis that was used in this study is ultraviolet
visible (UV-vis) spectroscopy analysis. This analysis was
done to observe the electronic transition present in synthesized
complexes. The UV-vis analysis showed chromophore of
(N=C) within range 259 -260 nm and also showed the
absorption band for nonbonding electron on sulphur and
charges transferred between the tin metal and ligand (M-L).
The presence of (N=C) chromophore proved the availability of
NCS, group in all complexes. The second chromophore
present in these complexes can be referred as free electron in
atom sulphur. Sulphur atom posses a lone electron which
increased the length of m system through resonance. This
caused more shift happens and gives the n- n* transfer. For the
third chromophore which metal to ligand (M-L), it represent
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the ligand to metal charge transfer and this band exhibit in low
intensity due to the charge transfer n- m*.

The analytical technique that used to study changes in
physical properties with temperature was done by TGA
analysis. Complex 1 and 3 show two degradation curve but
complex 2 and 4 shows only one degradation curves. It can be
said that complex 1 and 3 are more stable compare to the
complex 2 and 4.

These complexes also were further tested in biological
application which was antibacterial test. In the test, these
complexes were tested against four selected bacterial strains.
The antibacterial test also was done towards selected bacterial
strains such as B. cereus, B. cereus, E. coli and S. thypi. All
synthesized complexes inhibited the growth of these bacterial
strains. All compounds show broad-spectrum activities toward
Gram-positive and Gram-negative bacteria. However, the
biological activities indicated only moderate to weak
activities. The result for complex 4 is better than complex 1,
complex 2 and complex 3 against Gram-positive bacteria.
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