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Ö Z

Tiyol grupları içeren aminoasitler olarak Sistein (Cys) ve homosistein (Hcy) biyolojik sistemlerde birçok önemli rol oynamak-
tadır. HCy’nin plazma seviyesinin, kardiyovasküler ve Alzheimer gibi bazı hastalıkların bir göstergesi olduğu bilinmektedir. 

Plazmadaki Cys eksikliği karaciğer hasarı, kas ve yağ kaybı, cilt lezyonları, yavaş büyüme vb. Gibi durumlarla ilişkilidir. Bu 
çalışmada, Cys seviyelerinin belirlenmesi için floresan tabanlı bir metot geliştirilmek üzere yüksek fotolüminesans etkinlik 
gösteren iridium (III) kompleksleri seçilmiştir. Daha sonra sentezlenen kompleks, Cys çözeltileriyle etkileştirilmiştir. İridyum 
kompleksiyle etkileşen Cys derişimi arttıkça çözeltinin floresans şiddetinin de arttığı bulunmuştur. Buradan yola çıkarak, 
sentezlenen iridyum kompleksinin, serum örneklerinde Cys seviyesinin florimetrik tayininde kullanılabileceği düşünülmek-
tedir.

Anahtar Kelimeler 
Sistein tayini, iridium kompleksi, florimetrik tayin. 

A B S T R A C T

Cysteine (Cys) and homocysteine (Hcy) amino acids that are containing thiol groups play many important roles in bi-
ological systems. The plasma level of Hcy is known to be an indicator of some disorders such as cardiovascular and 

Alzheimer’s disease. Cys deficiency in plasma is associated with liver damage, muscle and fat loss, skin lesions, slowed 
growth, etc. In this study, iridium-based complexes were chosen for developing a fluorescent-based method for the deter-
mination of Cys levels due to their high photoluminescence efficiency. For this aim, the iridium (III) complex was synthesized 
then, this complex interacted with Cys solutions. It was found that, as the concentration of Cys interacting with the iridium 
complex, the fluorescence intensity increased. Based on these data, it was thought that the synthesized iridium complex 
could be used in the fluorimetric determination of Cys level in serum samples. 
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INTRODUCTION

Fluorescent detection systems and bioimaging has 
become an active research field in recent years. 

Fluorescent probes play a major role in the detection 
system because of their rapid and easy to observe faci-
lities. For this reason, fluorescent proteins, luminescent 
nanoparticles [1,2], quantum dots [3-6], organic dyes 
[7] and fluorescent or phosphorescent heavy-metal 
complexes [8,9] are widely used in detection and bio-
imaging systems.

Sulfur-containing amino acids affect the cardiovascu-
lar system through abnormalities of hemostasis, coa-
gulation, and blood vessel architecture mechanisms 
[10, 11]. For instance, the level of homocysteine (HCys) 
which is a type of sulfur-containing amino acid has a 
crucial role to determine the vitamin deficiency, heart 
disease or a rare inherited disorder. In metabolism, vi-
tamin B12, vitamin B6, and folic acid break down HCys 
and convert it into the needings of the body. Sulfur-
containing another aminoacid Cysteine (Cys) has an 
important role in metabolism as a key extracellular re-
ducing agent and being a limiting precursor for glutat-
hione synthesis [11, 12]. Cys level is positively related to 
some disease such as cholesterol, diastolic blood pres-
sure etc. [13] Cys deficiency is associated with slowed 
growth, hair depigmentation, oedema, lethargy, liver 
damage, muscle and fat loss, skin lesions, and weakness. 
Therefore, the determination of HCys and Cys in biologi-
cal systems has great importance. 

Several chromatographic and spectrophotometric met-
hods have been developed for the determination of 
Cys and HCys in biological samples and drugs such as 
thin-layer chromatography, gas chromatography, high-
performance liquid chromatography, electroanalytical 
techniques, circular dichroism, spectrofluorimetry, ca-
pillary electrophoresis [14-22]. However, the sample 
preparation has a long time and based on the analysis 
process, the determination time could be prolonged 
and some techniques use toxic reagents. 

In this study, a new turn-on fluorescent-based method 
for the determination of Cys levels due to their high 
photoluminescence efficiency has been developed. In 
this technique, a heavy metal complex has been desig-
ned which could show fluorescence activity when inte-
racting with Cys, and which lost its fluorescent feature 
when Cys was separated from the complex. Heavy-me-

tal complexes such as Re(I)-, Ru(II)-, Os(II), Ir(III)- and 
Rh(III) complexes with d6 electronic structures, Pt(II) 
complexes with d8 electronic structures, and Au(I)- and 
Cu(I) complexes with d10 electronic structures, have 
great importance in bioimaging and bio labelling studi-
es at room temperature [23- 26].  Heavy metal comp-
lexes have some advantageous parts in terms of pho-
tophysical properties. Some of those advantages are: 
They have high luminescence efficiency and excitation 
and emission wavelength range could be realized easily. 
Besides these, they have relatively long lifetimes than 
organic luminophores. Iridium has been chosen as the 
heavy metal in this study as the complex due to its pho-
toluminescence efficiency and excellent color tunabi-
lity. Compared with other heavy metals and fluorescent 
dyes, iridium (III) based complexes show relatively long 
lifetime and high photostability. So, iridium complexes 
could be used as luminescent probes [27-29] besides 
the usage of bio labelling and chemosensing systems. 
In bioimaging techniques, fluorescence imaging is a po-
werful technique because it provides a subcellular level 
information [30]. 

In bioimaging applications, water-solubility of the flu-
orescent heavy-metal complexes in bioimaging or bio 
labelling studies is very important because the interac-
tion media would be water or buffer solution. When 
the water-solubility of the fluorescent probe is very low, 
sometimes the addition of the organic solvents (such 
as DMSO) in aqueous media is required. This process is 
harmful and makes the toxic effect on the biomolecules 
(ie. destroying the cell membrane) during the imaging 
or labelling process so limits the efficiency of the flu-
orescent probe. Therefore, the developed fluorescent 
probe based on heavy-metals should be water-soluble 
probes to eliminate the application limits during the bi-
oimaging process.  

In this work, a complete water-soluble cationic iridium 
(III) complex, [Ir(ppyCHO)2Cl2]Cl (trans-dichlorobis[4-
(pyridine-2-yl) benzaldehyde iridium (III) chloride), has 
been synthesized for the detection of cysteine. When 
this complex interacted with Cys, [Ir(ppyCOCys)2Cl2]Cl 
complex has been formed and fluorescence emission 
has occurred. So it could be adequate as a fluorescent 
probe for Cys detection. 
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2. MATERIAL and METHODS

2.1. Materials 

In this study, L-cysteine (Sigma-Aldrich), 4-(2-Hydrox-
yethyl) piperazine-1- ethane sulfonic acid (HEPES, ≥ 
99.5%, Sigma- Aldrich), dimethyl sulfoxide (DMSO, 
from local sources), 2- Bromo pyridine  (Sigma-Ald-
rich), 4-formyl phenylboronic acid ( ≥95.0%, Sig-
ma-Aldrich), potassium carbonate (from local so-
urces), tetrakis(triphenylphosphine) palladium 
(Pd(PH3)4, Sigma-Aldrich),  dioxane (from local sources),  
dichloromethane(from local sources), magnesium sulfa-
te (MgSO4, from local sources), ethyl acetate (from local 
sources), hexane (from local sources), 2-ethoxyethanol 
(analytical standard, sigma-Aldrich) and ether (from lo-
cal sources) were used in synthesis.  

In the characterization and experimental process, 
1H-NMR and 13C-NMR spectra were recorded on a Bru-
ker Advance 500 DPX spectrometer in chloroform-d 
(CDCl3) with tetramethylsilane (TMS) as the internal 
standard, UV-visible spectra, fluorescence spectra and 
Fourier transform infrared (FTIR) spectra were recor-
ded using, Shimadzu UV – 2101 PC, Varian Cary Eclipse 
and Perkin Elmer, respectively. 

2.2. Methods 

Detection of Cys levels was achieved using the fluo-
rescence emission after interaction Ir complex with 
Cys. [Ir(ppyCHO)2Cl2] Cl complex was used as a water-
soluble fluorescence probe and it was synthesized into 
two steps. First, the 4-(pyridine-2yl) benzaldehyde 
complex has been synthesized as the ligand. Secondly, 
it was reacted with iridium (III) chloride to obtain 
[Ir(ppyCHO)2Cl2] Cl complex as a selective fluorescence 
Ir complex for Cys via electron transfer occurred inte-
racted with Cys. When [Ir(ppyCHO)2Cl2] Cl complex in-
teracted with Cys, ([Ir(ppyCHO)2Cl2] Cl/Cys fluorescent 
complex was formed and fluorescence emission occur-
red via electron transfer from the thiazolidine group to 
the excited metal-to-ligand charge transfer.

2.2.1 Ligand Synthesis 

Prior to the synthesis of 4-(pyridine-2yl) benzaldehyde 
ligand, 2-Bromoprydine (1 eq, 0.4 mL), 4-formylpheny-
lboronic acid (1.5 eq, 0.930 g), K2CO3 (3 eq, 1.7 g), Pd 
(PH3)4 (0.150 mg) were added to 100 mL volumetric 
flask and reaction were refluxed at 97°C in dioxane/H2O 
(4:1) for 12 h. The reaction was followed with thin-layer 
chromatography (TLC) and the reaction finished after 

N

Br

B

C OH

HO OH N

C OH
4-(pyridin-2-yl)benzaldehyde4-formylphenylboronic acid2-bromopyridine

Figure 1. Schematic reaction of the ligand, 4-(pyridine-2yl) benzaldehyde synthesis.
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2 days. The reaction solution was filtrated, the solvent 
was evaporated and the precipitate was put into dich-
loromethane. The mixture was extracted with water 
three times. The organic phase was dried with MgSO4. 
The column was set up for the purification (mobile pha-
se: 1:9 ethyl acetate: hexane). After this process, 0.171 
g ligand was obtained.

2.2.2. Iridium Complex Synthesis and 
Characterization

In the synthesis of [Ir(ppyCHO)2Cl2]Cl complex, IrCl3.H2O 
(0.138g /1 eq) was added to 6.171g (2.16 eq) 4-(pyridine-
2yl) benzaldehyde ligand and was mixed in 16 mL 2-et-
hoxyethanol/H2O at 120°C during 1 night. At the end of 
the reaction, the mixture was cooled at room tempe-
rature. Ether was added to the reaction media. Orange 
precipitate was obtained and these precipitates were 
filtrated. At the end of this process, [Ir(ppyCHO)2Cl2]Cl 
was synthesized and characterized via FTIR, 1H-NMR, 
and 13C-NMR analysis.

2.2.3. The Detection of Cysteine by Using the 
Developed Fluorescent Probe

Cys solutions in different concentrations (0,1 M to 
0,5M) in HEPES buffer has been prepared as standard 
Cys solutions. The calibration curve was plotted ac-
cording to UV absorbance at 230 nm of standard Cys 
solutions. For determination of the efficiency of the 
synthesized [Ir(ppyCHO)2Cl2]Cl complex as a fluorescent 
probe, Cys solutions interacted with 200 µL of 100 ppm 
[Ir(ppyCHO)2Cl2]Cl complex and fluorescence intensity 
was recorded. 

3. RESULTS and DISCUSSION 

3.1. Characterization of Synthesized Iridium Complex

In the characterization process, the functional groups in 
the structure of synthesized [Ir(ppyCHO)2Cl2]Cl complex 
has been determined by FTIR analysis. Figure 3 showed 
the FTIR spectrum and according to the data, the al-
dehyde group (C=O) peaks were obtained approxima-

N

O H

IrCl3.xH2O

2-ethoxyethanol/H2O

N

O H

N

O
H

Ir

Cl

Cl

Cl

Figure 2. Synthesis procedure of [Ir(ppyCHO)2Cl2]Cl complex.
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tely at 1725 cm-1. Also, peaks at approximately 2800 
cm-1 are related to C-H aldehyde stretches. Aromatic 
group peaks were shown at approximately 3000 cm-1. 
The peaks around 1600 cm-1 and approximately 1450 
cm-1 indicated the C=C groups in the aromatic group.  
The synthesized iridium complex had halogen group (Cl) 
in its structure and peaks at 540 cm-1 and 780 cm-1 indi-
cated the halogen stretch. Peaks in approximately 1550 
cm-1 and 1650 cm-1 were related to the C=N bonds.

Another characterization about the structure of the 
synthesized iridium (III) complex, [Ir(ppyCHO)2Cl2] 
Cl, was NMR analysis. Figures 5a and 5b showed the 
1H-NMR and the 13C-NMR, respectively. 1H-NMR 
(400 MHz, CDCl3) data for the complex was δ = 10.05 
(s, 1H), 9.48 (s, 1H), 7.99 (d, 3H), 7.84 (d, 2H), 7.73 (d, 
1H). According to the data in the 1H-NMR spectra of 
[Ir(ppyCHO)2Cl2] Cl complex, aldehyde proton substitu-
ted for the phenyl pyridine ligand appeared to a singlet 
at 10.05 ppm. The two doublet peaks observed at 7.99 

ppm and 7.84 ppm are related to phenyl and pyridine 
ring protons. The proton signal (Hb) adjacent to the 
pyridine nitrogen is observed at 9.48 ppm due to its re-
sonance in the lower area.

13C NMR (100 MHz, CDCl3, TMS) data for the complex 
was δ =191.58, 155.30, 150.17, 142.85, 137.87, 131.78, 
130.18, 126.99, 123.77, 121.31 ppm. According to the 
data in the 13C-NMR spectrum, aldehyde carbon signal 
was observed at 191.58 ppm. The signals of quaternary 
carbons in phenyl pyridine observed as low-intensity 
signals at 155.30, 142.85 ppm and 131.78 ppm. The C 
atom in the phenyl ring was observed as a quaternary 
peak at 123.77 ppm after bonding to the metal.  All the 
proton and carbon signals exactly correspond to the 
complex structure.

Figure 4. FTIR spectra of [Ir(ppyCHO)2Cl2]Cl complex.
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(A)

Figure 5. A) 1H-NMR (400 MHz, CDCl3), B) 13C-NMR (100 MHz, CDCl3, TMS) data for synthesized [Ir(ppyCHO)2Cl2]Cl complex.

(B)
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When all characterization results were evaluated, it was 
observed that the [Ir(ppyCHO)2Cl2]Cl complex synthesis 
has been achieved successfully. 

3.2. The Detection of Cysteine by Using the 
Developed Fluorescent Probe

Before the analysis as a fluorescent probe with synthe-
sized [Ir(ppyCHO)2Cl2] Cl complex, cysteine solutions 
in HEPES buffer in different concentrations (0.1 M to 
0.5 M) were prepared and UV absorbance was recor-
ded. It has been observed that UV absorbance values 
increased with increasing concentrations of Cys at 230 
nm.  The study of Zhang et al. [31] showed that cysteine 
had characteristic UV band at 230 nm in coordination 
and ligand replacement reactions. So, the band at 230 
nm indicated the coordination reaction of cysteine in 
Figure 6.

After this analysis, each Cys solutions interacted with 
100 ppm of synthesized [Ir(ppyCHO)2Cl2]Cl complex. Af-
ter this interaction, the fluorescence spectrum was ob-
tained for each [Ir(ppyCOCys)2Cl2]Cl  solution by excitati-
on at 320 nm. Fluorescent emission at 610 nm was obta-
ined for each solution due to electron transfer from the 

thiazolidine group to the excited metal-to-ligand charge 
transfer. So, [Ir(ppyCHO)2Cl2]Cl complex performed a 
fluorescent probe in Cys detection. The reaction betwe-
en Cys and [Ir(ppyCHO)2Cl2]Cl complex and fluorescence 
spectra of [Ir(ppyCOCys)2Cl2]Cl  solution was shown in 
Figure 7 and Figure 8, respectively. It was seen that the 
fluorescent intensity of obtained [Ir(ppyCOCys)2Cl2]Cl 
increased by increasing the concentration of Cys that is 
interacted with [Ir(ppyCHO)2Cl2]Cl complex.

Overall, transition metal complexes provide the deve-
lopment of bioimaging and detection method via fluo-
rescence due to their high luminescence efficiency and 
excitation and emission wavelength range. Among the 
transition metal complexes, iridium complexes are att-
ractive materials because they exhibit high photostabi-
lity and long life-time. 

As a result, the iridium complex containing aldehyde 
group, [Ir(ppyCHO)2Cl2]Cl, was designed as Cys selective 
detection tool for fluorescence detection. Fluorescence 
feature of the designed system was investigated using 
Cys solutions (the concentration range: 0.1 M-0.5M) 

Figure 6. UV spectra of Cysteine (0.1 M to 0.5 M, at 230 nm, in HEPES buffer).
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interacted with [Ir(ppyCHO)2Cl2]Cl   complex at 320 nm 
as the excitation wavelength. This detection strategy 
based on the selective reaction of the aldehyde of the 
ligand 4-(2-pyridyl) benzaldehyde with an aminothiol 
group to form thiazolidine. This selective binding affec-
ted the conjugation between aldehyde and the phenyl 
moiety. So, when Cys bonded selectively to the synthe-
sized iridium complex, a fluorescent emission has occur-
red at 610 nm and the changes in fluorescent could be 
visible by the naked eye. There are some studies in the 
literature on Cys determination using iridium comple-
xes. Based on the properties of iridium-Cys based com-
pounds formed at the end of the interaction of iridium 

complexes and Cys, a number of chemiluminescence-
based, phosphorescence-based applications are seen 
[32,33]. The common problem of designing probes with 
transition metals was solubility in water that limited the 
probe designing.  In this study, the proposed method 
proposed an easy-to-apply method using water-soluble 
probes to overcome application limits in Cys determina-
tion. According to the data, this developed fluorescen-
ce probe could be used in Cys determination in serum 
samples as a detection tool. 

Figure 7. Reaction between Cys and [Ir(ppyCHO)2Cl2]Cl complex and formation of [Ir(ppyCOCys)2Cl2]Cl complex.
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Figure 8. Fluorescence spectrum of the [Ir(ppyCOCys)2Cl2]Cl  solution a) 0.1 M Cys b) 0.2 M Cys c) 0.3 M Cys d) 0.4 M Cys e) 0.5 M Cys 
interacted with 100 ppm [Ir(ppyCHO)2Cl2]Cl complex. (Excitation: 320 nm, emission: 610 nm).
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