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ABSTRACT

Industrial activities like waste disposals and domestic activities may produce heavy metal
waste like Hg?* and Cu?*. The purpose of this research is to synthesize the complex compound
of metal ion Co?* and para-di-2-(1-phenyl-3-pyridyl-4,5-dihydro-1H-pyrazole-5-yl)benzene ligand
and its potentials as the fluorosensor of Hg?* and Cu?* heavy metal ions. Complex compounds
are characterized with a fourier-transform infrared (FTIR), ultraviolet-visible (UV-Vis)
spectrophotometer, and spectrofluorometer. After that, a complex compound fluorosensor study
is conducted by adding Hg?* and Cu2* heavy metal ions using a spectrofluorometer. The results
show that the synthesis of complex compound generates brownish-yellow sediment with a yield
of 36% (melting point of 243.2°C). The result of characterization with FTIR (KBr, cm1) generates
3060.65 (C-H aromatic), 2851-2919.46 (C-H pyridine), 2363.23 and 1640.14 (C=N), 1493.24-
1594.5 (C=C), and 1326.38-1019.74 (C-N). The result of UV-Vis spectrophotometer scanning
obtains two absorption peaks on 250 nm and 366 nm in the concentration of 5x10-> M. The
resulting fluorescence intensity of 1150 a.u. At the wavelength of 470 nm. The study of complex
compound fluorescence shows that the addition of Hg?* heavy metal ion can be made as
fluorosensor with turn-on type. In contrast, the addition of Cu?* ion can be made fluorosensor with
turn-off type.
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INTRODUCTION human body and acts for physiological

. o ) processes in appropriate amounts [2]. Heavy
Industrial activities like waste disposals

. metal like mercury (Hg) is considered the most
may produce wastes in the form of heavy

) o ) hazardous metal ion for the environment since
metals. Moreover, domestic activities like o . . .
) . _ it widely spreads in the air, water, and soil. It
public transportation and fisherman boats may ) . ] .
occurs since mercury will be easily and quickly
also make heavy metal wastes [1]. Heavy ) _
) ] accumulated in the environment and
metal commonly has a toxic property and is )
) contaminate water and foods [3].
hazardous for organisms even though some )
i The detection of Hg?* and Cu?* heavy
are necessary for small amounts. Copper ion

. . , metal ions plays an essential role in chemistry
(Cu) is a heavy metal ions essential for the

and biology, which will have a major impact on
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human health and the environment in heavy
metal testing [4]. It occurs since heavy metals
are pollutants that cannot be degraded or
destroyed to accumulate in nature and
organism bodies [5]. The detection based on
fluorescence (fluorosensor) will result in turn-
on fluorescence intensity or an increase in
fluorescence intensity and turn-off or a
decrease in fluorescence intensity [6]. The
advantage of fluorosensors is that they offer
good selectivity and low detection limits with
practical applications.

Synthesized the derivative of pyrazoline
1,3,5-Triaryl-2-pyrazolines used as a
fluorosensor for Cu?*metal and produces a
“Turn-Off” type fluorosensor [7]. Synthesized a
complex compound from CoCl2.6H20 metal
with acetylacetonate ligand [8]. Pyr-Ryn with
pyrazole derivatives and shows the response
of a “Turn-On” type fluorosensor to Hg?* metal
ion [9].

Complex compounds can be used as
fluorosensors if they are aromatic compounds,
heterocyclic compounds, or conjugated
molecules. A complex compound can be
formed due to metals and ligands that form
coordination covalent bonds [10]. The para-di-
2-(1-methyl-3-pyridyl-4,5-dihydro-1H-
pyrazole-5-yl)benzene ligand is included in the
pyrazoline derivative, which is a heterocyclic
compound containing two nitrogen atoms in a
five-membered ring [11]. This compound may
form complexes since it has two donor atoms,
i.e. two N atoms that can coordinate with the
central atom, namely Co metal. In addition,
pyrazoline-based ligands have good photo-
physical properties and ease of synthesis [6].

So far, based on the knowledge of the

author, no one has synthesized complex

compounds between pyrazoline derivative
and CoCl2.H20 metal, which is used as a
fluorosensor for Hg?* and Cu?* heavy metal
ions. The Co?* complexes are widely used
since the transitional metals in the first series

can form stable and fluorescent complexes.

METHODS

Materials which used are the para-di-2-
(1-phenyl-3-pyridyl-4,5-dihydro-1H-pyrazole-5-
yl)benzene ligand that has been synthesized,
cobalt (Il) chloride hexahydrate (Merck p.a),
mercury (Il) chloride (Merck p.a), copper (ll)
chloride dihydrate (Merck p.a), methanol
(Merck p.a), chloroform (Merck p.a),
diethylether (Merck p.a), hydrochloric acid
(Merck p.a) and sodium hydroxide (Merck p.a).

The instruments used are fluorescence
spectrophotometer (Hitachi F-2700), UV-Vis
spectrophotometer (Genesys 10uv scanning),
(Shimadzu

IRSpirit), and Melting Point Apparatus.

Fourier-Transform Infrared

The synthesis procedure of the
complex compound from Co?* metal ion with
para-di-2-(1-phenyl-3-pyridyl-4,5-dihydro-1H-
pyrazole-5-yl)benzene ligand follows the
synthesis procedure previously reported by
the authors [12]. Infrared spectrophotometer,
ultraviolet-visible  spectrophotometer both
characterize the resulting complex com-
pounds. Spectrofluorometer, then continued
with fluorosensor studies on heavy metal ions
Hg? * and Cu?* using an ultraviolet-visible
spectrophotometer and a spectro-fluorometer.
The fluorosensor study is initiated by
measuring the fluorescence intensity of the
complex compound dissolved in methanol and
chloroform with the ratio of 1:1 at a concen-

tration of 5x10° M. Before measuring;
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scanning is conducted to find the maximum
wavelength. Measurements are conducted in
the 220-550 nm wavelength range.

The fluorescence intensity measure-
ment is then continued to determine the
optimal concentration of Hg2* and Cu2* metals,
which may cause a decrease or increase in
fluorescence intensity. Complex compounds
at the concentration of 5x10-> M are dissolved
in chloroform and methanol in the ratio of 1:1
then added with Hg?* metal ion in the
concentration range of 5x107 to 5x10“M. The
same is applied to Cu?* metal ion. Scanning is
conducted at the wavelength of 220-550 nm
(spectrofluorometer) and the wavelength of
190-550 nm (ultraviolet-visible spectrophoto-

meter).

RESULTS AND DISCUSSION

The synthesis of complex compounds
is initiated by dissolving CoC12.6H20 metal in
methanol, producing a purplish red solution,
while a para-di-2-(1-phenyl-3-pyridyl-4,5-
dihydro-1H-pyrazole-5-yl)benzene ligand is
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dissolved in chloroform, producing a
yellowish-brown solution. Both are mixed with
a yellowish-brown solution and stirred using
a magnetic stirrer for + 30 minutes. After the
stirring is complete, the solvent in the solution
is then removed using rotatory evaporation at
the temperature of 60°C and then cooled
before washing. The washing process is
carried out using methanol (5 mL) and diethyl
ether (10 mL) and generates a yellowish-
brown complex compound with a complex
yield of 36% and a melting point of 243.2°C.

1. FTIR Analysis of Complex Compound

Analysis of complex compounds by
FTIR aims to determine the functional groups
of complex compounds. Based on the
spectrum in Figure 1, the C-H aromatic bond
is seen at wave number 3060.65 cm* and
wave number 2919.46-2851 cm due to the
widening of C-H aromatic in the pyridine ring
[13]. The waves in the regions of 1640.14 and
2363.23 cm-1 indicate C=N bonds in the
pyrazoline group [14].
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Figure 1. FTIR spectrum on the complex compound of Co?* metal ion and para-di-2-(1-phenyl-3-
pyridyl-4,5-dihydro-1H-pyrazole-5-yl)benzene ligand.
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The appearance of the wavenumbers
in the area of 1594.50-1493.24 cm is
caused by the C=C vibration in the aromatic
ring. The wavenumbers in the regions of
1326.38-1019.74 cm! indicate the presence
of C-N bonds in the pyrazoline group [13]
[14].

2. UV-Vis Analysis of Complex Compound

The formation of complex compounds
begins with scanning wavelengths and then
determining the maximum wavelengths to
discover the wavelength of the para-di-2-(1-
phenyl-3-pyridyl-4,5-dihydro-1H-pyrazole-5-
yl)benzene ligand, cobalt (II) metal ion, and
complex compounds. The maximum
wavelengths of ligands and complexes are
determined in the range of 190-550 nm. After
dissolving it with methanol as a solvent, the
maximum wavelength of the purplish-red
cobalt (II) metal ion is determined with the

range of 380-600 nm.

The shift of the peak towards the larger
wavelength, as seen in Figure 2, is an early
indication that the complex is formed. This
wavelength shift indicates an electrostatic
interaction between ligands with lone pairs
and complex compounds containing cobalt
metal ion [15].

Based on Figure 2, the UV-Vis
spectrum of the complex shows two
absorption bands. First is at the maximum
wavelength of 250 nm with the absorbance
value of 1.399 and the molar absorptivity
value (Log €) of 4.44. The second is at the
maximum wavelength of 366 nm with the
absorbance value of 0.860 and the molar
absorptivity value (Log ¢€) of 4.23. The 1 - *
electron transition is characterized by a
relatively high molar absorptivity value (g),
and it is seen at both absorption peaks. The
relatively high molar absorptivity value (g)
also indicates that this compound has strong

fluorescence intensity [15].
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Figure 2. UV-Vis spectra: (1) para-di-2-(1-phenyl-3-pyridyl-4,5-dihydro-1H-pyrazole-5-yl)benzene
ligand solution; (2) CoCl2.6H20 solution, and (3) complex compound solution.
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3. Fluorescence Analysis of Complex
Compound

The characterization of the complex
compound by Spectro fluorescence results in
an emission spectrum chart, as shown in

Figure 3.
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Figure 3. Fluorescence spectrum of complex
compound.

Based on Figure 3, there is one
absorption peak of complex compounds in
the area of 470 nm with fluorescence
intensity of 1150 a.u. It is in line with the data

on the characterization result of complex

compounds using a UV-visible spectrophoto-
meter. The complex compound has a high
molar absorptivity value, meaning that its

fluorescence intensity is high [15].

4. UV-Visible Study of Complex
Compound with the Addition of Hg?
and Cu?" Heavy Metal lons

The effect of adding heavy metal ions
to complex compounds is observed by UV-
Visible spectroscopy. Measurements are
conducted in which a complex compound is
added with Hg?* and Cu?* ions by varying the
metal ion concentration. The effect of adding
Hg?* ion is shown in Figure 4

Figure 4 shows a complex compound,
with the addition of HgZ*ion, undergoes an
exchange between the Hg?* ion and the Co?*
ion by forming a new complex with the Hg?*
ion. It indicates a shift in wavelength to a
lower wavelength, from 250 nm to 234 nm
[16]. The effect of adding Cu?* metal ion to

the complex compound is seen in Figure 5.
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Figure 4. Chart on the effect of Hg?* heavy metal ion addition against various concentrations of

complex compound.
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Figure 5. Chart on the effect of Cu?* heavy metal ion addition against various concentrations of

complex compound.

Figure 5 shows a complex compound,
with the addition of Cu?2*ion, undergoes an
exchange between Cu?* ion and Co?* ions
by forming new complexes with Cu2* ion. It
indicates a shift in wavelength to a lower
wavelength, from 250 nm to 238 nm.

5. Study of Complex Compound Fluores-

cence with the Addition of Hg?* Heavy
Metal lon

The addition of Hg?* metal ion is
carried out at the concentration of 5x10-7-
5x10# M into a complex compound with
5x10°° M in methanol-chloroform solvent
(1:1). The fluorescence intensity of complex
compounds with the addition of Hg?* metal

ion is seen in Figure 6.
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Figure 6. Chart on change in the fluorescence intensity of complex compounds against the
addition of Hg2* heavy metal ion at various concentrations.
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The fluorescence intensity of complex
compounds, on the addition of Hg? * metal
ions at a maximum complex wavelength of
470 nm. Figure 6 shows the addition of Hg?*
metal ion in the concentration range of 5x10-
7-5x10* M has an increase in fluorescence
intensity (turn-on), i.e. the lighting effect
increases the increase of metal concen-
tration.

The magnetic properties of a metal
affect fluorescence intensity. The Hg?* ion is
a diamagnetic metal that tends to increase
fluorescence intensity. Figure 6 shows that
with the addition of Hg?* in the concentration
of 5x107 M, a significant decrease occurs in
emission fluorescence intensity. Electrons in

the excited energy level return to the ground

state at the time of emission by releasing less
energy in the form of fluorescence (radiation
emission) than electrons that experience
non-radiant emission. Most likely, this is due
to the small number of Hg?* ions contained in
the complex, but as the concentration of Hg2*
ions increases, the emission intensity

continues to increase [15].

6. Study of Complex Compound Fluores-
cence with the Addition of Cu?* Metal
lon

The addition of Cu?* metal ion is
carried out at the concentration of 5x107-
5x10# M into a complex compound with the
concentration of 5x10°° M in methanol-

chloroform solvent (1:1).
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Figure 7. Chart on change in the fluorescence intensity of complex compounds against the
addition of Cu?* heavy metal ion at various concentrations.

Figure 7 shows that, with the addition
of Cu?*ion, there is an increase followed by a
decrease in fluorescence intensity (turn on-
off). The fluorescence quenching (turn-off)
mechanism is the result of the quencher
interaction when electron excitation occurs.

Extinguishing agents can be heavy metals or

paramagnetic elements. The Cu?* ion is a
paramagnetic metal [16]. Paramagnetic
elements have unpaired electrons in the d
orbitals, causing a change of electrons in the
compound's excited orbitals, resulting in a
triplet excited state. This phenomenon is

known as an inter-system crossing. The
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process of returning electrons in triplet
excitation to the ground state is prohibited, so
it runs slowly [15].

A shift or change in light intensity and
cell position can cause measurement errors.
This effect, known as the inner filter caused
by the difference in phosphorescence and
fluorescence intensity on the right and the
cuvette on the left, can also create errors in
measurement [17]. Thus, it can be said that
when the Cu?* ion at the concentration of
5x106 M is added, there is an increase in
emission fluorescence intensity due to the
inner filter effect.

Based on the results of the
fluorosensor study, the determination of the
type of fluorosensor of the metal ion complex
compound Co?* and the para-di-2-(1-phenyl-
3-pyridyl-4,5-dihydro-1H-pyrazole-5-
yl)benzene ligand can be influenced by the

magnetic properties of the metal ion it binds.

CONCLUSION

The complex compound of Co?* metal
ion and para-di-2-(1-phenyl-3-pyridyl-4,5-
dihydro-1H-pyrazole-5-yl)benzene ligand is
successfully synthesized and obtained with
the yield of 36% and the melting point of
243.2°C. Characterization by FTIR (KBr, cm-
1) generates: 3060.65 (C-H aromatic);
2919.46-2851 (C-H pyridine); 2363.23 and
1640.14 (C=N); 1594.5-1493.24 (C=C
aromatic) and 1326.38-1019.74 (C-N). The

The result of fluorescence intensity is
1150 a.u. At the wavelength of 470 nm and
the molar absorptivity value of log € 4.23 at
the wavelength of 366 nm and log € 4.44 at
the wavelength of 250 nm. The result of the

fluorosensor study shows that the complex

compound of Co?* metal ion and para-di-2-(1-
phenyl-3-pyridyl-4,5-dihydro-1H-pyrazole-5-

ybenzene ligand has the potential to be
used as a fluorosensor for Hg?* heavy metal
ion with "turn-on" type and Cu?* heavy metal

ion with "turn on-off" type.
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