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Abstract: The research included a study of the preparation and identification of the ligand and its complexes, 
where 1H-tetrazole ligand-(benzylthio)-5 was used in the preparation to obtain the complexes represented by 
[ZnL2(PPh3)2Cl]Cl, [Zn2L4(μ-dppm)2]Cl4, [ZnL2(dppp)]Cl2 (where dppm = bis(diphenylphosphino)methane 
and dppp = 1,3-bis(diphenylphosphino)propane). The prepared compounds were studied, and their identities 
were determined by FT-IR spectroscopic properties.  1H-NMR, 31P-NMR spectra, and scanning electron 
microscopy (SEM) showed that the ligand coordinates by coordination occurs through the nitrogen atom of 
the tetrazole ring and the phosphorus atoms of the phosphine through the phosphorus atom P. The biological 
activity, including antibacterial and anticancer, was evaluated. This study contributes to the development of 
new metal complexes with distinct biological activity. 
Keywords: Triazole, phosphines, biological effectiveness, anti-cancer, zinc(II) complexes. 
 

1. Introduction 
 

Tetrazoles are heterocyclic organic compounds consisting of a five-membered ring containing 
one carbon atom and four nitrogen atoms in addition to hydrogen. Their molecular formula is CH2N4. 
They are yellow solids with a distinctive odor and are soluble in water and alcohol [1]. They are 
widely used in the pharmaceutical field, due to their biological activity [2]. Tetrazoles exist in two 
tautomeric formulas . 

 

 
 

The most common method of preparing the tetrazole ring is by adding hydrazoic acid or azide 
to compounds that react with compounds containing a C≡N group, such as carbodi-imines, cyanates, 
thiocyanates, and cyanides. During this reaction, an imidoyl azide intermediate is formed, which 
undergoes ring closure to form the tetrazole ring [3], as shown below: 

 

 
 

Tetrazole biolodical activity: Compounds containing the tetrazole ring have occupied a wide 
space in the field of pharmaceutical compounds, as this ring is used in the composition of a number 
of antibiotics such as (a) Cefazolin [4] and (b) Ceftazole [5], as in Fig. 1. 



 
 

 
Fig. 1. Structure of (A) Cefazolin [4] and (B) Ceftazole [5] 

 
Tetrazoles exhibit broad biological activities, as they have been used as analgesics, 

antimicrobials, antibacterials, and anticancer agents. Compounds (A) and (B) have an antidiabetic 
effect [6], and compound (C) has an antimicrobial effect, and compound (D) has an antibacterial 
effect [7] (Fig. 2). 

 

 
Fig. 2. Structure of compounds [A], [B], [C] and [D] 

 
2. Experimental Part 

 
All chemicals and solvents were used as received without further purification, and all of these 

materials were provided by Sigma-Aldrich and Fluka Analytical. The melting points of the 
compounds were measured using a Stuart melting point apparatus. In terms of the infrared spectra, 
they were captured using a SHIMADZU FT-IR-8400s spectrophotometer, in the range of 400-4000 
cm-1, with samples prepared as KBr tablets. Spectra of 1H-NMR, 13C-NMR, and 31P-NMR were 
obtained using a Bruker   instrument operating at a frequency of 400 MHz, employing (DMSO-d6) as 
the solvent. Its various crystalline dimensions of the particles were determined using the (TESCAN 
MIRA3) scanning electron microscope. 

2.1 Methods  
2.1.1 Preparation of [Zn(L)2]Cl2. A hot, colorless solution of zinc chloride (0.1 g, 0.31 mmol) 

in 5 ml of ethanol was added to the solution of ligand L (0.129 g, 0.62 mmol) in 5 ml. A white 
precipitate formed. The mixture was heated to 80°C. The precipitate was filtered and washed with 
cold ethanol; the precipitate was allowed to dry at room temperature. The prepared compound had 
the following physical properties (wt=0.14 g, %=77%, m.p.=182-184°C). 

2.2 Synthesis of [ZnL2 (PPh3)2Cl]Cl and complexes [Zn2L4(μ-dppm)2]Cl4, 
,[ZnL2(dppp)]Cl2. A solution of ligand L (0.1 g, 0.5 mmol) in 5 ml of ethanol was added to a solution 
of zinc chloride (ZnCl₂) (0.16 g, 0.86 mmol) in 5 ml of ethanol. A milky mixture was formed. The 
solution was submerged at 70°C for 2 hours. Then PPh₃ (0.13 g, 0.5 mmol) in 5 ml of ethanol was 
added to the mixture. The mixture was stirred under reflux for 2 hours. After filtering the precipitate 



 
 

while it was still hot, the product was washed with cold ethanol and dried at room temperature. The 
prepared compound had the following physical properties. (wt = 0.08 g, % = 50%, m.p.= 160-163°C) 

Phosphine = dppm, dppp. Ligand L (0.129 g, 0.62 mmol) and zinc chloride (0.1 g, 0.31 mmol) 
were added in a round-bottomed flask, and then 25 ml of chloroform was added to the mixture, 
forming a colorless solution. It was heated for 2 hours at 50°C to form a milky suspension. Then add 
a 0.119 g (0.31 mmol) dppm solution in 5 ml of chloroform and heat the mixture at 70°C for 2 hours 
to form a colorless solution. The solution was allowed to evaporate at room temperature. The prepared 
compound had the following physical properties (wt=0.18 g, %=60%, m.p.=194-196°C). 

 

 
Scheme 1. Preparation of Complexes 

                       
[Zn(L)2]Cl2 (1) white powder, yield (0.14 g, 77.70%), IR (KBr, cm-1): melting point=178°C; 

3058 ν (C-H) aromatic, 2991m ν (C-H)Alephate, 1620s ν (C=N), 1346m ν (N=N), 1242s ν (N=N), 
769m ν (C-S), 422w ν (M-P). 1H-NMR (δppm, JHz, DMSO-d6), 𝛅=7,46 (d, 3J = 7.88 Hz, 4H, Ha), 
7.35 (t, (4JH-H= 7.70 Hz, 3JH-H= 1.20 Hz)   4H, Hb), 7.20 (d, 4JH-H= 7.66 Hz,3JH-H= 1.16 Hz, 2H,   Hc ), 
3.91(s, 4H, CH2). 13C-{1H}-NMR: 161.05 (C=N), 149.07 (C=C), 129.11(N-C), 38.82 (CH2). 
Elemental analysis calculated for C16H14N8ZnS2Cl2: C, 33.21; H, 2.93; N, 16.31; S, 9.33. Found: C, 
35.43; H, 2.77; N, 6.62. Cl, 8.62.  Λ (Ω-1.cm2. mol-1): 128.74.  Λ (Ω-1.cm2. mol-1): 38.42.  

[Zn2(L)2(PPh3)Cl]Cl (2) white powder, yield (0.41g, 86%), IR (KBr, cm-1): melting 
point=170°C; 3068m ѵ(C-H)Arom, 2999m ѵ(C-H)aliph, 1620s ѵ(C=N), 1589s ѵ(C=C),  1436s ѵ(P-
Ph), 1242s ѵ(N-N), 750s ѵ(C-S), 696m ѵ(P-C), 424s v(M-P). 31P-{1H}NMR (δppm, DMSO-d6), 
𝛅=26.69(s); 1HNMR (δ ppm, J Hz, DMSO-d6), 7,65 (d, 3J = 8.11 Hz, 4H, Ha), 7.50 (m, 19H, Hb+3Ph 
), 7.35 (t, 3J = 7.56 Hz, , 3J = 1.24 Hz, 2H, Hc ), 3.91 (s, 3J = 4.06 Hz, 4H, CH2). Elemental analysis 
calculated for C52H44ZnN8O4P2S2Cl2: C, 56.39; H, 4.00; N, 10.12; S, 5.79; P, 5.59. Found: C, 45.26; 
H, 2.61; N, 5.53; Cl, 7.93. Λ (Ω-1.cm2. mol-1): 52.63. 

[Zn2(L)4(µ-dppm)2]Cl4 (3) white powder, yield (0.18 g, 60%). Melting point=196 C. IR (KBr, 
cm-1): 3053m ѵ(C-H)Arom, 2991m ѵ(C-H)aliph, 1620s ѵ(C=N), 1596s ѵ(C=C),  1434s ѵ(P-Ph), 
1249s ѵ(N-N), 748s ѵ(C-S), 688m ѵ(P-C), 480s v(M-P); 31P-{1H}NMR (δppm, DMSO-d6), 
𝛅=29.66(s). Elemental analysis calculated for C34H32Zn2N8P4S4Cl2: C, 30.98; H, 2.45; N, 17.00; P, 
9.40; S, 9.73; Zn, 30.44. Found: C, 37.43; H, 2.94; N, 6.67; Cl, 8.55; Λ (Ω-1.cm2.mol-1): 138.74. 



 
 

[Zn(L)2(dppp)]Cl2 (4) white powder, yield (0.21 g 66%). Melting point=168 C). IR (KBr, cm-

1): 3056m ѵ(C-H)Arom, 2996m ѵ(C-H)aliph, 1629s ѵ(C=N), 1434s ѵ(P-Ph), 1247s ѵ(N-N), 754s 
ѵ(C-S), 692m ѵ(P-C), 432s v(M-P). 31P-{1H}NMR (δppm, DMSO-d6), 𝛅=28.13(s). Elemental 
analysis calculated for C22H20N8ZnP2S2Cl2: C, 33.21; H, 2.93; N, 16.31; P, 9.02; S, 9.33; Cl, 7.68. Λ 
(Ω-1.cm2. mol-1): 75.42. 
 

3. Results and Discussion 
 

3.1. Conductivity measurements and elemental analysis:  The molar conductivity values 
suggest 1:1 (zinc ion:Ligand L:PPh3), 1:4 (zinc ion:Ligand L:dppm), and 1:2 (zinc ion:Ligand 
L:dppp). The outcomes confirmed that the methods used to create the mixed ligand complexes yielded 
highly pure materials. The resulting complexes were slightly soluble in acetone, ethanol, and 
methanol solvents but completely soluble in DMF or DMSO. Despite using a variety of solvents and 
recrystallization methods, all attempts to create suitable crystals for crystallographic studies were 
unsuccessful. 

3.2. FTIR Spectra. The infrared spectrum of the [L] complex showed a strong band in the 
range (1625-1620 cm⁻¹) that is attributed to the stretching frequency of the (C=N) group within the 
five-membered ring [8]; a powerful band in the range (1340-1350 cm⁻¹) that is attributed to the 
stretching of the (N=N) group [9, 10] as evidence of the formation of the ligand; a band in the range 
(750-765 cm⁻¹) that is attributed to the stretching of the (C-S) group (12); along with a band at (1240-
1250 cm⁻¹) that is attributed to the stretching of (N-N) [11]. As shown in Fig. 3. 

The [Zn(L)2Cl2] complex's infrared spectrum revealed a sharp and strong band in the range 
(1620 cm-1) that is ascribed to the stretching frequency of the (C=N) group among the five-membered 
ring [8], a sharp and strong band in the range (1346 cm-1) that is attributed to the stretching of the 
(N=N) group [10] as evidence of the ligand's formation, a band in the range (769 cm-1) that is 
attributed to the stretching of the (C-S) group [12], and a band at (1242 cm-1) that is attributed to the 
extension of (N-N) [11]. As shown in Fig. 4. 

 
             Fig. 3. IR spectrum of the ligand [L]                         Fig. 4. IR spectrum of the [Zn(L)2]Cl2 

 
The [Zn(L)₂(PPh₃)Cl]Cl complexes' infrared spectrum revealed two distinct bands that were 

absent from the ligand's infrared spectrum in the range (1031 cm⁻¹) attributed to (C-P) and a band in 
the range (1436 cm⁻¹) [13-16] attributed to the phosphine groups' vibrational frequency (Ph-P)² [17]. 
The stretching regularity of the five-membered ring's (C=N) group (8) is responsible for the 
spectrum's sharp and strong band in the range of 1620 cm⁻¹, and The expansion of the (N=N) group 
(10) is responsible for the appearance of a sharp and strong band in the range of 1483 cm⁻¹, which is 
evidence of the ligand's formation and the emergence of a band in the 769 cm⁻¹ range. It was explained 
by the C-S group's stretching [12], along with the formation of a band at 1242 cm⁻¹, which is caused 
by the stretching of N-N [11].  



 
 

The [Zn₂(L)₂µ-(dppm)₂]Cl₄ complexes' infrared spectrum. The stretching vibration of the 
v(Ph-P) group [17] was responsible for the appearance of a band in Cl₄ with a frequency of 1436 
cm⁻¹, while the stretching of the ν(C-N) group [18] was responsible for a band at 1242 cm⁻¹. 
Additionally, two new bands that were absent from the free ligand's spectrum (1099 cm⁻¹, 769 cm⁻¹) 
appeared between the spectra and were attributed to the vibrational frequency of the ν(C-P) group 
[15, 16]. The stretching frequency of the (C=N) group within the pentagonal ring is responsible for 
the spectrum's strong, crisp band in the range of 1620 cm⁻¹ [8]. Additionally, the emergence of a sharp 
and powerful band within the range (1348 cm⁻¹) was attributed to the elongation of the ligand's 
creation, demonstrated by the (N=N) group [10], and the continuation of the (C-S) group [12] was 
responsible for the emergence of a band within the range (669 cm⁻¹), while the stretching of (N-N) 
was responsible for a band's arrival at (1242 cm⁻¹) [11]. As shown in Fig. 5. 

 

 
Fig. 5. IR spectrum of  [Zn2(L)2(µ-dppm)2]Cl4                 Fig. 6. IR spectrum of  [Zn(L)(dppp)]Cl2 

 
The [Zn(L)2(dppp)]Cl2 complexes' infrared spectrum. The stretching of the v(Ph-P) group 

[17] was responsible for the appearance of a band in the frequency range of 1434 cm⁻¹ in Cl₂, while 
the stretching of the ν(C-N) group [18] was responsible for a band's arrival at 1247 cm⁻¹. Two new 
bands that were absent from the free ligand's spectrum (1099 cm⁻¹, 752 cm⁻¹) were ascribed to the 
vibrational frequency of the ν(C-P) group [15, 16]. The frequency at which the (C=N) group stretches 
within the pentagonal ring is responsible for the spectrum's strong, crisp band in the range of 1629 
cm⁻¹ [8]. A band within the range (1554 cm⁻¹) [9] was also shown, due to the (C=C) vibration group 
in the ligand, as well as the emergence of a strong, sharp band in the vicinity (1340-1355 cm⁻¹), which 
was ascribed to the v(C-P) group's stretching [16]. In addition to a band's appearance at 1250-1240 
cm⁻¹ caused by the stretching of N-N [11-13]. As shown in Fig. 6. 

3.3. NMR spectra. The CH₂ group's protons and an integration of four protons were responsible 
for a single signal at 𝛿H = 3.92 ppm in the ¹H-NMR spectra of ligand (L) in dMSO-d₆ solvent. The 
(Ha) proton and an integration of four protons were identified as the sources of two signals at the 
chemical shift (𝛅H = 7.60 ppm) with a coupling constant (³JHa-Hb = 7.50 Hz). Additionally, the 
ligand's spectra revealed a triple signal at (𝛅H = 7.40 ppm) with a coupling constant (³JHb - Hc = 
7.80 Hz) ascribed to an integration of four protons and the (Hb) proton. As seen in Fig. 7, a triple 
signal at 𝛿H = 7.25 ppm with a coupling constant 3JHb-Hc = 7.62 Hz was assigned to a proton (Hc) 
by an integration that shows two protons. 

The carbon atom of the (CH₂) group was identified as the source of a signal at the shift (𝛿H = 
38.82 ppm) in the ligand's ¹³C-{¹H}-NMR spectrum. Additionally, it displayed a signal at the shift 
(𝛅H = 129.11 ppm) that was ascribed to the tetrazole ring's (N-C) group. Additionally, the carbon 
atom (C=C) in the benzene ring was identified as the source of a signal at (H = 149.07 ppm), while 
the carbon atom (C=N) in the tetrazole was identified as the source of a signal at (H = 161.05 ppm). 
As seen in Fig. 8, the remaining signals of the carbon atoms in the ligand occurred in the range (𝛅H 
= 121.20, 125.19 ppm). 



 
 

Just one signal during the shift (𝛅H = 3.91 ppm) in the ligand's proton nuclear magnetic 
resonance (¹H-NMR) spectrum [Zn(L)₂]Cl₂ recorded in dMSO-d₆ solvent was allocated to the CH₂ 
group's protons and an integration of four protons. The (Ha) proton and an integration of four protons 
appeared as two doublets at the chemical shift (𝛅H = 7.45 ppm) with a coupling constant (³JHa-Hb = 
7.49 Hz). Additionally, the ligand's spectra had a triple signal at (δH = 7.35 ppm), which was 
identified as the (Hb) proton with an integration of four protons.  

  
       Fig. 7. 1H-NMR spectrum of the liganed [L]            Fig. 8. 13C-{1H}-NMR spectrum of the  
                                                                                                                liganed [L] 

 
 

 
Fig. 9. 1H-NMR spectrum of the liganed                     Fig. 10. 31P-{1H}-NMR spectrum of  
              [Zn(L)2(PPh3)Cl]Cl                                                       [Zn(L)2(PPh3)Cl]Cl 
 

 
   Fig. 11. 31P-{1H}-NMR spectrum of [Zn2(L)2                      Fig. 12. 31P-{1H}-NMR spectrum of 
                      [Zn(L)(dppp)]Cl2                                                                                                  (µ-dppm)2]Cl4 
 



 
 

The ligand's proton nuclear magnetic resonance (¹H-NMR) spectrum of [Zn(L)₂(PPh₃)Cl]Cl, 
measured in dMSO-d₆ solvent, revealed an integration of four protons and a single signal at the shift 
(𝛅H = 3.91 ppm) attributed to the protons of the CH₂ group. The (Ha) proton and an integration of 
four protons were identified as the sources of two signals at the chemical shift (𝛅H = 7.63 ppm) with 
a coupling constant (³JHa-Hb = 7.48 Hz). Additionally, a multiple signal at (𝛿H = 7.50 ppm) in the 
ligand's spectra was identified as the (3Ph + Hb) proton with an integration of 19 protons (Fig. 9). 

The [Zn(L)2(PPh3)Cl]Cl complex's 31P-{1H}NMR spectra showed a singlet with zinc satellites 
at (δP=26.69 ppm). Similar to complexes in Figure 10, this singlet supports the proposed structure of 
the complex by confirming the analogous nature of the phosphorus atoms in PPh3. 

The [Zn2(L)2(µ-dppm)2]Cl4 complex's 31P-{1H}NMR spectra showed a singlet with zinc 
satellites at (δP=29.66 ppm).  Similar to the complex in Figure 11, this singlet supports the suggested 
structure of the complex by indicating the analogous nature of the phosphorus atoms in dppm. 

The [Zn(L)(dppp)]Cl2 complex's 31P-{1H}NMR spectra showed a singlet with zinc satellites at 
(δP=28.13 ppm).  Similar to the complex in Fig. 12, this singlet supports the suggested structure of 
the complex by indicating the analogous nature of the phosphorus atoms in dppp. 

3.4. Anti-cancer study. FAS 100 and 89 were tested for their anti-cancer effects on cancer cells 
using MTT [4,5-2,5-diphenyltetrazolium bromide (dimethylthiazole-2-yl)]. They diluted the stock 
solutions to the necessary concentrations after the FAS [Zn₂(L)₄(µ-dppm)₂]Cl₄ and 
[Zn₂(L)₂(PPh₃)Cl]Cl were dissolved in DMSO. The anti-tumor efficacy of the substances was 
evaluated using the 518A2 melanoma cancer cells. A 96-well plate was filled with cancer cells. The 
FAS 100 and 89 were introduced at doses of 0.1 µM, 1 µM, 10 µM, 100 µM, 200 µM, and 400 µM 
after a 24-hour incubation period. DMSO served as the negative control. The MTT test was given 48 
hours after the start of therapy. In short, each well received 100 µL of brand-new medium. after the 
medium was taken out of the 96-well plate. After adding 10 μL of the previously made stock solution 
of 12 mM MTT (SERVA) and incubating for four hours at 37 °C, each well was given a 0.01 M SDS-
HCl solution in 100 μL. After four more After being incubated for hours, the samples were combined 
using a pipette, and then the absorbance at 570 nm was determined. For statistical analysis, the 
experiments were conducted three times [18]. The mixed ligand Zn(II) complexes [Zn₂(L)₄(µ-
dppm)2]Cl₄ and [Zn₂(L)₂(PPh₃)Cl]Cl have anticancer properties. An MTT assay using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide was used to evaluate Cl against 518A2 
cancer cell lines. Tables 1 and 2 and Figure 13 display The quantities of the investigated chemicals 
needed for IC50, or 50% inhibition of the cells, and compare the outcomes as a positive control using 
cis-platin. [Zn₂(L)₄(µ-dppm)2]  With an IC50 value of 53.01 ± 6.22 μM, Cl₄ exhibited the strongest 
activity against 518A2, while [Zn₂(L)₂(PPh₃)Cl] With an IC50 value of 173.40 ± 5.56 μM, Cl showed 
a poor anti-cancer effect against similar cell lines. 

 
Table 1. Cell viability (%) of compounds FAS 100 and 89 against 518A2 cell line 

 
 
 
 
 
 
 
 
 
 
 

 
 

Table 2. IC50 values of compounds FAS 100 and 89 against 518A2 cell line in comparison to cis-
platin 

Concentrated (M) 
Cell survival (%)*  

B4 S3 
0.000 100 100 
0.100 100 94.50 
1.000 94.71 87.56 
10.00 86.96 74.26 
100.0 72.10 50.89 
200.0 45.97 24.30 
400.0 16.25 14.34 

*These figures represent the mean of three replicates. 



 
 

Compound IC50 value (M) 
[Zn2(L)4(µ-dppm)2]Cl4 53.01 ± 6.22   
[Zn2(L)2(PPh3)Cl]Cl 173.40 ± 5.56 

Cis-platin 1.45  0.04 
 

 
Fig. 13. MCF-7 cell viability following FAS 100 and 89 treatment at varying doses (M). P value in 

each instance is 0.005 
 

3.5. SEM study. The majority of coordination complexes can be created with regular geometric 
structures at nanoscale levels, according to recent research on their geometric structure [19]. SEM 
was used to examine the microstructure's morphological appearance in a few of the produced 
complexes (Fig. 14). The [Zn(L)2(dppp)]Cl2 complex's average particle size was 70 nm, which is one 
of the nanoparticles, according to scanning electron microscopy investigation [19, 20]. 

 
 
 
 
  

 
 

 
 
 
 
 
 

Fig. 14. (a) SEM image of the [Zn(L)2(dppp)]Cl2 complex at 1 µm and 10 µm. Graph (b) particle 
sizes and Gaussian curve for the [Zn(L)2(dppp)]Cl2 complex at 10 µm 

 
3.6. Antibacterial activities. Amikacin was used as the positive control a reference to evaluate 

the biological activity of the complexes (0.01, 0.001, and 0.0001 mg/ml) against four bacterial 
species: Escherichia coli (-), Acinetobacter baumannii, Staphylococcus aureus (+), and Enterococcus 
faecalis (+).  Each complex exhibited antibacterial activities against the bacterial species.  Complex 
(1) demonstrated the highest inhibition percentage at concentration 10-3. Complex (2) demonstrated 
the greatest inhibition % for (+) Staphylococcus aureus and (Enterococcus faecalis) bacteria at 
concentration 180, whereas complex (1) demonstrated the greatest efficacy for Escherichia coli 
bacteria at concentration 10 [21-29]. 

  

a 

b 



 
 

Conclusions 
 

The ligand (5-(benzylthio)-1H-tetrazole) (L) and other mixed ligands were used to prepare the 
new zinc chloride complexes. The suggested formulas were [Zn(L)₂]Cl₂ (1), [Zn₂(L)₂(PPh₃)Cl]Cl (2), 
[Zn₂(L)₄(µ-dppm)₂]Cl₄ (3), and [Zn(L)₂(dppp)]Cl₂ (4), where phosphine (dppm) and ligands 
coordinate as bridging ligands in a binuclear complex, whereas PPh₃ and dppp act as bidentate 
chelating ligands in a mononuclear complex. Elemental analysis, molar conductivity measurement, 
FTIR spectroscopy, 1H-, 13C-, and 31P-NMR spectroscopy, and SEM were used to characterize the 
produced compounds. 

The SEM analysis revealed that the complexes under study contained aggregates and 
nanocrystalline structures, with nanoscale diameters ranging from 69.9 to 154.9 nm. Every complex 
exhibited action against bacterial species. Complex (1) had the maximum inhibition rate for (-) 
Acinetobacter baumannii. and (-) Escherichia coli at concentration 10³ whilst concentration 10 
showed poor action against bacterial species. At concentration 180, complex (2) had the greatest 
inhibition rate for (+) Enterococcus faecalis and (+) Staphylococcus aureus. For Escherichia coli, 
complex (1) demonstrated the maximum activity at concentration 10, but complex (2) demonstrated 
the highest activity for the other species at the same concentration. 
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