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Abstract 
In the search for new drugs with more efficient active ingredients, various 
transition metals are being explored as potential metallopharmaceuticals. 
These compounds, which combine drugs with metals, have shown promise as 
chemotherapeutic agents, akin to the accidental discovery of cisplatin and its 
organic derivatives in the late 20th century. This discovery transformed the 
sciences, particularly in the fields of organic and inorganic chemistry, by of-
fering new insights into the compositions and molecular geometries of inor-
ganic complexes through coordination chemistry, while also intersecting with 
other scientific domains such as pharmacology and medicine. To contribute 
to the development of new chemotherapeutic compounds through simple and 
reproducible synthetic processes, this study utilized rhodium(III) chloride hy-
drate (RhCl3.nH2O) to synthesize a series of compounds with the following 
organic N-heterocyclic ligands: 4,4'-dimethyl-2,2'-bipyridine, isonicotina-
mide, and N-(3-pyridyl)-isonicotinamide (3-pina). Two analytical techniques 
were employed to characterize the resulting materials: spectroscopic analysis 
in the infrared region, which suggested interactions and substitutions at the 
metal center by the organic compounds, and thermoanalytical analyses, which 
led to the proposal of minimum formulas for the compounds as follows: C1 
[RhCl2(4,4'-Met-2,2'-bipy)2]Cl∙5/2H2O and C2 [Rh(4,4'-Met-2,2'-bipy)2(Iso)2] 
Cl3∙1/2H2O. However, the complexation of the third compound could not be 
confirmed due to the physicochemical characteristics of the resulting complex 
being very similar to those of the starting material, thereby validating the 
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effectiveness of these techniques in differentiating and characterizing the syn-
thesized salts. Due to their solubility in water and/or alcohol and thermal sta-
bility, the complexes were tested in biological media to assess cell viability in 
peripheral blood mononuclear cells. The solutions of these salts demonstrated 
favorable cell viability under the tested conditions, according to statistical 
analysis, obtaining average viability in the range of 95 ≤ x ≤ 100, with standard 
deviations between 3.29 ≤ x ≤ 4.44 for living cells. 
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1. Introduction 

Estimates from the World Health Organization (WHO) suggest that by 2050 [1], 
[2] there will be a significant increase in mortality worldwide due to the ineffec-
tiveness of existing medications in combating various harmful microbial agents. 
These agents are considered exacerbating factors in clinical complications in pa-
tients with comorbidities, leading to an increase in death rates [3] [4]. According 
to the International Agency for Research on Cancer, there were approximately 20 
million new cases of cancer in 2022, resulting in the deaths of 9.7 million people. 
However, research indicates that around 40% of these deaths could have been pre-
vented [2] [5]. It is estimated that one in nine men and one in twelve women die 
due to clinical complications from viral, bacterial, or parasitic infections [6]. In 
2017, the WHO alerted the scientific community by compiling a list of twelve bac-
terial strains posing a global threat to human health because of antimicrobial re-
sistance [1]. 

In 2024, the Pan American Health Organization highlighted this issue, espe-
cially in underdeveloped countries, emphasizing the necessity for financial invest-
ment in scientific research to address this issue and the need to regulate public 
intervention and monitoring policies to enhance the effectiveness of the various 
existing clinical treatments [2] [7]. Since 1969, new inorganic compounds, such 
as cisplatin, have been synthesized and characterized in the fields of organometal-
lic chemistry, materials chemistry, nanomaterials, inorganic chemistry, and bio-
inorganic chemistry [8]-[10]. Consequently, ongoing research seeks to find new 
materials to improve quality of life and survival by decelerating the global mortal-
ity rate through the development of more effective medications [11]. 

Platinum complexes have significantly contributed to the growth of scientific 
production in therapeutic chemistry worldwide. Nonetheless, their toxicity limits 
their market presence in the production of active ingredients containing this no-
ble metal [12]-[15]. New research directions include drugs based on metals such 
as Cu(II), Ni(II), and Co(II), which were active against intracellular amastigotes 
of Leishmania braziliensis and showed in vivo efficacy against the Leishmania-
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related trypanosomatids, Trypanosoma cruzi, by reducing parasitemia by 83% 
[15], demonstrating the potential for producing complex and bioactive inorganic 
substances with these transition metals. Additionally, new transition metals, in-
cluding ruthenium complexes like cis-[RuCl2(NH3)] Cl, have exhibited antitumor 
activity against tumor cell lines such as Jurkat SK-BR-3 and induced lethal effects 
in human chronic myeloid leukemia K562 cells [16]. Other compounds undergo-
ing clinical stage studies, including Ru(III) (Nami-A, KP1019, and RAPTA-C) and 
platinum complexes, demonstrated antimetastatic activity [17] [18], though they 
failed the final clinical stage [19].  

Gold(I) and (III) complexes synthesized with heterocyclic compounds contain-
ing five-membered rings have also become significant due to their versatile bio-
logical properties [20] [21]. Studies on organic N-heterocyclic compounds featur-
ing the 1,3,4-oxadiazole portion have shown antimicrobial, anticancer, and anti-
viral activities [22]. Likewise, complexes of noble metals with N-heterocyclic lig-
ands have been contributing as future drugs for anti-neoplastic, antiparasitic, an-
tiviral, and antimicrobial uses [23]. A study such as the use of nitrenium cation to 
the metal centers Rh I, Rh III, corroborates the discovery of new complexes with 
N-Heterocyclic ligands [24]. Therefore, the choice of N-heterocyclic compounds 
is justified, since these ligands can coordinate with Platinum Group Metal ions 
(PGM) [25]. Nevertheless, advances in the studies for obtaining new metallophar-
maceuticals encounter specific difficulties, among them the challenge of under-
standing biomolecular interactions [21].  

Thus, the importance of new inorganic studies with this promising metal is to 
provide new pathways for the synthesis and characterization of complexes with N-
heterocyclic ligands to rhodium(III) ions. Therefore, the present work aims at new 
syntheses and characterizations of possible new rhodium metallopharmaceuticals 
that allow for the structural stability of coordination complexes and thus their high 
selectivity as a potential active principle, thereby minimizing the commonly re-
ported adverse effects to enable efficiency in treating various pathologies as well as 
expanding the possibilities of combating various resistant microbial agents. 

2. Syntheses 
2.1. Synthesis of the N-(3-Pyridyl)-Isonicotinamide Ligand 

The synthesis of the N-(3-pyridyl)-isonicotinamide (3-pina) ligand was carried 
out following the procedure described by Gardner and colleagues [26] and later 
modified by Encarnação Amorim [25]. Reagents including 3.0090 g of 3-amino-
pyridine and 5.6500 g of Isonicotinoyl chloride hydrochloride were prepared. 
These were dissolved in 60.0 mL of pyridine in a 250.0 mL volumetric flask. The 
mixture was then sealed and stirred magnetically for 4 days. After this period, a 
biphasic separation occurred, resulting in the formation of a white precipitate. 
This precipitate was vacuum filtered through filter paper, transferred to a 250.0 
mL beaker, and dissolved in 50.0 mL of distilled water. The mixture was then sub-
jected to ultrasonic treatment.  
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Shortly thereafter, a white solid precipitated and the pH was adjusted to ap-
proximately 7 using a spatula tip amount of NaHCO3. Following another filtration 
step with distilled water, 5.4310 g of a fine, shiny white powder was obtained and 
dried in a desiccator for 4 days. Once removed and reweighed, its mass was 2.5720 
g. The sample underwent Fourier-transform infrared spectroscopy (FTIR), show-
ing characteristic peaks corresponding to those expected. However, further drying 
in an oven at 90˚C - 100˚C for 24 hours was necessary to remove any residual 
moisture. Post-oven treatment, 1.2150 g of an opaque white solid was obtained 
and analyzed again using FTIR. 

2.2. Purification and Recrystallization of the  
N-(3-Pyridyl)-Isonicotinamide Ligand 

The purification process was carried out as described in the literature by Encar-
nação Amorim [27] with some modifications to enhance yield. A total of 0.499 g 
of the white, amorphous powder was dissolved in hot distilled water (40.0 mL at 
70˚C) and stirred on a hot plate for 30 minutes. After reducing the volume to 30.0 
mL, the solution was filtered to remove impurities and then cooled in an ice bath 
to precipitate a translucent crystalline solid resembling small needles. This solid 
was filtered, dried in a desiccator for 48 hours, weighed, and stored. 

2.3. Syntheses of the Starting Compound  
[RhCl2(4,4-Met-2,2-bipy)2]Cl∙nH2O 

This synthesis was prepared from adaptations of the synthesis reported by Gerisch 
et al. [28]. A solution of 0.3000 g (1.22 mmol) of 4,4'-dimethyl-2,2'-bipyridine in 
20.0 mL of ethanol was refluxed, and 0.1500 g (0.56 mmol) of rhodium chloride 
was added. The mixture was kept under reflux for 4 hours, yielding a light-yellow 
precipitate. The solvent was then evaporated under reduced pressure until one-
third of its original volume remained. The solution was cooled in a refrigerator 
for 24 hours, and the precipitated solid was collected by filtration, washed with 
ethanol and ether, and dried under vacuum to yield a light-yellow product. 

2.4. Syntheses of the Compound  
[Rh(4,4-Met-2,2-bipy)2(Iso)2]Cl∙nH2O 

In this assay, 70.0 mg (0.12 mmol) of the initial compound [RhCl2(4,4'-Met-2,2'-
Bipy)2]Cl∙nH2O was dissolved in 2.0 mL of distilled water in a 50 mL round-bot-
tom flask and treated in an ultrasonic bath with the addition of 5 drops of ethyl 
alcohol to enhance solubility. Next, 44 mg (0.36 mmol) of Isonicotinamide was 
added. The reaction mixture was semi-sealed and stirred magnetically for 2 hours, 
turning yellow. After cooling for 24 hours, a solid precipitated but was found to 
be soluble at room temperature. The solution was filtered and washed with ether, 
yielding a yellow solid. 

2.5. Purification of the Isonicotinamide Ligand 

The purification process followed was described in the literature by Santos [29]. 
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In a beaker, 5 g of Isonicotinamide was dissolved in 15.0 mL of distilled water on 
a hot plate. Subsequently, 0.5 g of activated charcoal was added, and the mixture 
was hot filtered. The filtrate was passed through filter paper and/or absorbent cot-
ton in a separating funnel. Upon cooling in an ice bath, a white solid in the form 
of fine needles precipitated, was filtered again, washed with ether, and stored. 

2.6. Syntheses of the Starting Compound with the Ligand  
N-(3-Pyridyl)-Isonicotinamide 

20.0 mg (0.035 mmol) of the starting compound was dissolved in 10 mL of dis-
tilled water with 3 drops of ethyl alcohol in a 50.0 mL round-bottom flask to im-
prove the solubility of the ligand. Following the addition of 7.7 mg (0.038 mmol) 
of the purified reagent 3-pina (1:1), the system was sealed and magnetically stirred 
at room temperature for 2 hours. The solution was then cooled in an ice bath, but 
no precipitate formed due to the solubility of the solid in the medium. Conse-
quently, the solvent was evaporated, and after 24 hours, a yellow solid was ob-
tained. This solid was vacuum filtered, washed with ether, and left in a desiccator 
for 24 hours.  

3. Cell Viability Analysis 

The biological tests were conducted to gather data on the cell viability of periph-
eral blood mononuclear cells. These tests followed the methods described in the 
literature, with some adaptations [30]-[32]. To prepare the 1 mM solutions, 0.0207 
g of the compound RhCl2(4,4-Met-2,2-Bibipy)2]Cl∙5/2H2O was added to a 25.0 mL 
volumetric flask, and the volume was adjusted with distilled water. For the modi-
fied compound [Rh(4,4-Met-2,2-Bibipy)2(Iso)2]Cl3∙1/2H2O, 0.0104 g was added to 
a 10.0 mL volumetric flask, and the volume was adjusted with distilled water to 
achieve a concentration of approximately 1 mmol/L.  

4. Methodology  

The procedure for obtaining peripheral blood mononuclear cells and assessing 
cell viability involved collecting an average of 5.0 mL of peripheral blood in 
EDTA-coated tubes from each donor to isolate mononuclear cells. These mono-
nuclear cell populations were then separated using a Ficoll-Paque density gradient 
(Pharmacia-Uppsala, Sweden) for 40 minutes at 1600 rpm at room temperature. 
After separation, the layer rich in mononuclear cells was carefully removed by 
siphoning, and two washes were undergone in phosphate-buffered saline (PBS). 
The cells were subsequently counted using a Neubauer chamber, and their con-
centration was adjusted to 2.0 × 106 cells/mL for use in viability assays. The via-
bility of the blood mononuclear cells was determined using fluorescence micros-
copy and Acridine Orange staining [33] [34].  

For viability assessment, 500.0 µL of the mononuclear cell suspension was 
mixed with 50.0 µL of the test compounds at various concentrations and incu-
bated for 30 minutes in a thermal bath set at 37˚C. Following incubation, the 
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mixtures were centrifuged for 10 minutes at 1600 rpm, and the cell pellet was then 
stained with 200.0 µL of acridine orange for 1 minute before being resuspended 
in PBS. The suspensions were centrifuged and washed twice more with PBS, after 
which slides were prepared and examined under a fluorescence microscope (E200, 
Nikon Corporation, Japan). Viability analyses were reported as percentages, based 
on the observation of 100 cells and classifying them as either alive (green) or dead 
(orange) according to their differential staining. 

4.1. Statistical Analyses 

The analysis of variance test followed by Tukey’s test was used for statistical anal-
ysis in the Bioestat 5.0 software, adopting a significance level of p < 0.05. 

4.2. Characterization and Methodology 

The experimental procedures were conducted at the Laboratory for the Study of 
Materials (LEMat). Spectroscopic analysis in the infrared region and thermoana-
lytical analyses (TG/DTG and DSC) were performed at the Multiuser Research 
Center. Infrared spectroscopy was conducted using a FTIR, specifically the Perkin 
Elmer Spectrometer 100, featuring a resolution of 4 cm−1 in the range of 4000 - 
500 cm−1. This analysis utilized an accessory for the attenuated total reflectance 
technique with a germanium crystal. The thermoanalytical techniques were de-
tailed through TG/DTG and TG-DSC curve infographics, obtained using the Met-
tler Toledo TGA/DSC equipment. The system was calibrated according to the 
manufacturer’s specifications. The curves were recorded using an α-Al2O3 cruci-
ble (70.0 μL) with a sample mass of approximately 5.0 mg, under a heating rate of 
20˚C∙min−1, dry air atmosphere with a flow rate of 60.0 mL∙min−1 and a tempera-
ture range of 30˚C - 1000˚C.  

5. Results and Discussions 
5.1. Mid-Infrared Spectroscopy 

For the C1 complex, a broad band was observed at 3374 cm−1, indicating the pres-
ence of a dipole moment due to hydrogen bonding (O-H) interactions [35] [36]. 
This suggests the presence of water of hydration in the material, a finding that is 
corroborated by the thermogram and evidenced in the broad absorption band 
shown in Figure 1. In the absorption region between 3060 - 3018 cm−1, low-inten-
sity overlapping peaks are characteristic of the stretching (ν) of the C-H bonds in 
sp2 hybridized carbons, which are typical of aromatic groups. The ligand 4,4-di-
methyl-2,2-bipyridine contains primary carbons within its structure; this is evi-
denced by an absorption band at 2920 cm−1, with the corresponding absorption 
range for aliphatic C-H groups being 2960 - 2850 cm−1 [35]. Vibrations attributed 
to C=C and C=N bonds, which are characteristic of aromatic rings, were identified 
between 1617 and 1556 cm−1 [37]. Lastly, in the range of 1416 - 1446 cm−1, the 
harmonic bands due to angular deformations of the methyl group (−CH3) can 
possibly be seen [38]. 
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Figure 1. Display of the infrared spectrum and the respective reference peaks. 

 
In a second analysis, the molecular structure of the Isonicotinamide ligand, a 

primary amide, exhibits two strong bands in the region corresponding to the 3361 
cm−1 to 3179 cm−1 stretches of the ν (N-H) group [30], indicating its presence in 
this region. However, the compound’s hydration water, as observed in the ther-
mogram, leads to an overlap of the peaks corresponding to these stretches. Mean-
while, a band indicative of the carbonyl group ν (C=O) stretching shifts to a lower 
energy region, presenting an intense peak (Figure 2), characteristic of the dipole 
moment from molecular interactions, at 1683 cm−1, consistent with the L2 ligand 
peak [35]. The presence of C=C and C=N type vibrations, pertaining to aromatic 
rings, is evident between 1618 and 1556 cm−1 [31] [32]. Additionally, angular de-
formations linked to the compound’s methyl group occur in the range between 
1416 and 1446 cm−1 [37]. 

 

 
Figure 2. Presentation and comparison of the infrared spectra and the respective reference 
peaks. 
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In an attempt to synthesize the third compound, the infrared spectrum was ob-
tained and did not show significant differences between the synthesized com-
pounds, as identified by the vibration bands in Table 1. This observation was con-
sistent both in infrared spectroscopy and in thermogravimetric analysis. The ma-
terial presented identical behavior to the initial compound (C1), exhibiting the 
same peaks in their respective analysis regions (Figure 3). Consequently, it is im-
perative to reexamine the factors that may have interfered with the synthesis, in-
cluding solubility, temperature, activation energy and chemical stability of the lig-
and in relation to the metal center, since the reaction did not occur spontaneously 
as expected. 

 
Table 1. Infrared values obtained for compounds C1, C2, and C3. 

Wave number (CM−1) Vibration band  
assignment  C1 C2 C3 

Ba
nd

 in
te

ns
iti

es
 

fo
un

d 

3376 
3240 

3500 
3120 

3377 
** 

υ (O-H) 
υ (N-H) 

2924 3039 - 2929 3016 υ (C-H) 
* 1683 * υ (C=O) 

1617 - 1444 1615 1615 υ (C=N); υ (C=C) 
* 1115 1558 δ (N-H) 

*No bands; ** Evidence of overlapping bands; Ʋ: stretching; ẟ: angular deformation. 

 

 
Figure 3. Presentation and comparison of infrared spectra. 

5.2. Thermogravimetric Analysis—TG-DTG Curves 

The complex [Rh(Met-byp)2Cl2]Cl∙5/2H2O demonstrated in this analysis, between 
60˚C and 150˚C, a probable loss of hydration water from the synthesized material, 
as indicated by peaks in the DTG and DSC (Figure 4). This evidence suggests an 
energy absorption at 100˚C, consisting of an endothermic process [36]. The sec-
ond thermal event occurred at 300˚C, resulting in a loss of stability and initiating 
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the decomposition of the material, with a maximum rate of loss observed at 475˚C. 
During this thermal interval, a single exothermic event was recorded in the DSC 
(Figure 5), with the maximum peak likely due to sublimation and/or thermal de-
composition of the organic compound in the formed complex [39]. Finally, the 
last stage demonstrated an oxidative event at 503˚C that stabilized at 730˚C, as 
shown by the TG and DTG curves [40]. This stability was attributed to the pres-
ence of an O2-rich atmosphere, which facilitated the formation of an oxide residue 
pertaining to the metal in the complex, possibly Rh2O3. The significant values in 
percentages are found in Table 2. 

 

 
Figure 4. Thermogravimetric curve (TG-DTG) for C1-[Rh(Met-byp)2Cl2]Cl∙5/2H2O. 

 

 
Figure 5. Thermogravimetric curve (TG-DSC) for C1-[Rh(Met-byp)2Cl2]Cl∙5/2H2O. 
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Table 2. Thermogravimetric analysis: percentage values of the TG-DTG curves for the 
starting compound C1. 

Stage Temperature (˚C) Loss per % Mass Error: T-E/T 
1 150 7 

1.14% 
2 300 19 
3 475 73 
4 503 * 

 
For the modified compound [Rh(Met-byp)2(Iso)2]Cl3·1/2H2O, with the addi-

tion of the isonicotinamide ligand, the thermogravimetric curves identified in the 
TG-DTG are depicted in Figure 6, and the thermal behavior as per the DSC is 
presented in Figure 7. During the analysis, it was observed that there were at least 
three stages of mass loss and one stage of mass gain throughout the thermal anal-
ysis process, as indicated in Table 3. Initially, between 70˚C - 150˚C, a likely loss 
of the material’s water of hydration was detected, manifesting as a low-intensity 
peak in both the DTG and DSC, indicative of a possible endothermic process at 
100˚C. Subsequent stability was observed up to 173˚C. This stage was succeeded 
by the second mass loss of the analyte, peaking at 263˚C as evidenced in the DTG, 
accompanied by the first exothermic reaction of the compound revealed in the 
DSC. Following this, the material underwent continued thermal decomposition 
of the organic compounds coordinated to the metal, culminating in a maximal 
loss at 505˚C. The DSC illustrates a second peak characterized by high energy ab-
sorption intensity, thus corroborating the second exothermic reaction of the 
newly formed compound [36] [41]. In the final stage, a mass gain was recorded, 
which stabilized at 760˚C [40]. This stabilization is attributed to an O2-rich atmos-
phere, thereby facilitating the formation of an oxide under atmospheric condi-
tions and potentially leading to the formation of RhO2 residue. 

 

 
Figure 6. Thermogravimetric curve (TG-DTG) for C2-[Rh(Met-byp)2(Iso)2]Cl3∙1/2H2O. 
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Figure 7. Thermogravimetric curve (TG-DSC) for C2-[Rh(Met-byp)2(Iso)2]Cl3∙1/2H2O. 

 
Table 3. Thermogravimetric analysis: percentage values of TG-DTG curves for compound 
C2. 

Stages Temperature (˚C) Loss per % Mass Error: T-E/T 

1 160 3 

0.44% 
2 263 13 

3 505 79 

4 526 * 

*Oxidative event. 

 

 
Figure 8. TG-DTG curve of the synthesis compound with L = (3-pina). 

 
For the compound synthesized with the second ligand (3-pina), the following 

thermogravimetric analyses were conducted: TG-DTG (Figure 8) and TG-DSC 
(Figure 9). The initial stage of the analysis identified the loss of volatile compounds 
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and water of hydration. During the second phase, at 297˚C, the material exhibited 
the initial stage of thermal decomposition of its coordination sphere. The maxi-
mum rate of decomposition was observed at 530˚C. At the conclusion of the anal-
ysis, an oxidative stage of the material was identified [40], resulting in an oxide 
residue that stabilizes at 600˚C. Despite these findings, it was noted that the for-
mation of a new coordinated complex did not occur. This observation was based 
on the similarities in the consecutive peaks observed in the TG-DTG and the ther-
mal processes in the DSC (Figure 9), when compared to the initial synthesis com-
pound depicted in Figure 4 [41]. 

 

 
Figure 9. TG-DSC curve of the synthesis compound with L = (3-pina). 

6. Cell Viability 

Cell viability analysis revealed that after incubation with the compounds, the cells 
were not adversely affected by compounds C1 and C2 as identified in Figure 10. 
This analysis employed a technique that enabled the quantification of viable cells 
based on their capacity to absorb light [42] when stained with acridine orange 
[31]. This stain qualitatively distinguishes live cells, which appear green, from 
dead cells, which are identified as red or orange. The results indicated that the 
average viability was in the range of 95 ≤ x < 100, with standard deviations be-
tween 3.29 ≤ x ≤ 4.44 for live cells, as detailed in Figure 11 and Table 4. 

 

 
Figure 10. Analysis of cell viability for compounds C1 and C2. 
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Figure 11. Analysis of peripheral blood mononuclear cells using a fluorescence micro-
scope. (a) Dead cells (red/orange) and (b) Live cells (green). 

 
Table 4. Values in % for cell viability. 

Sample groups Viability (%) 
Standard  
deviation 

Cells -(control) 95.40 3.29 
C1-[RhCl2(4,4'-Met-2,2'-bipy)2]Cl∙5/2H2O 94.75 4.35* 

C2-[Rh(4,4'-Met-2,2'-bipy)2(Iso)2]Cl3∙1/2H2O 95.2 4.44* 

*ANOVA: Statistically significant difference if p < 0.05. Data obtained p = 0.94. 

7. Conclusion 

This study proposes two reproducible synthesis routes for two new rhodium(III) 
ion coordination compounds and suggests the respective minimum stoichio-
metric formulae: for compound C1-[RhCl2(4,4'-Met-2,2'-bipy)2]Cl∙5/2H2O] and 
for compound C2-[Rh(4,4'-Met-2,2'-bipy)2(Iso)2]Cl3∙1/2H2O. These formulae 
were derived from calculations obtained by thermogravimetric analysis. However, 
the proposed synthesis for compound C3, involving the nucleophilic substituent 
(3-pina), revealed that after recrystallization, no evidence of the intended ligand 
substitution in the starting compound was observed. The inability to identify its 
coordination using validated analytical techniques indicates a need for further 
studies to revise the synthesis approach for this new complex. The complex salts, 
C1 and C2, exhibited solubility in aqueous media and thermal stability as evi-
denced by thermogravimetric analysis, suggesting their synthesis was successful 
in coordinating organic ligands to the metal center. Consequently, these com-
pounds were deemed suitable for further testing. In assessments of cell viability, 
biological tests conducted to evaluate the bioavailability of these complexes re-
vealed that neither compound exhibited cytotoxicity towards human peripheral 
blood mononuclear cells under specified reference conditions. 
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