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Abstract. Two complexes of [Mn(Quin)2(N(CN)2)2]∞ (1) and 

[Co(Quin)2(N(CN)2)2]∞ (2) were synthesized and characterized. The as-

synthesized complexes crystallized in a triclinic lattice with a space group of P-1. 

The unit cell parameter of 1 was a = 7.5207(14) Å, b = 7.7729(16) Å, c = 

9.5968(15) Å, α = 96.388(6) o, β = 112.617(5) o, γ = 102.751(6) o, while for 

complex 2 it was a = 7.3942(10) Å, b = 7.7960(10) Å, c = 9.4907(13) Å, α = 

96.631(4) o, β = 112.742(4) o, γ = 102.458(4) o. The magnetic properties and 

antimicrobial properties of both polymeric complexes were examined by magnetic 

susceptibility and diffusion techniques, respectively. Complexes 1 and 2 both 

showed antiferromagnetic properties and had a higher inhibitory effect on the 

growth of Staphylococcus aureus than Salmonella typhi. 

Keywords: Manganese(II) complex, Cobalt(II) complex, quinoline ligand,  

antiferromagnetic; antibacterial. 

1 Introduction 

In the last decade, antibiotic resistance of Salmonella typhi and Staphylococcus 

aureus bacteria has been detected by biomedical scientists [1,2]. Both are 

dangerous bacteria, especially in tropical countries, leading to the necessity of 

finding novel antibacterial compounds [3]. Complex compounds consisting of 

transition metal and N-heterocyclic ligands with free electron pairs have been 

reported for antimicrobial candidates [4-6]. There are two main criteria for 

complexes to have antibacterial properties. Firstly, the central atom must be 

capable of interacting with the DNA of the bacteria to form a more stable 

interaction, resulting in bacteria deactivation and regeneration [7,8]. Secondly, 

the presence of free electron pairs from ligands can polarize lipids on the bacterial 

surface, forcing the organelles to come out [5,6]. Some of the ligands that have 
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been studied for their potential as antibacterial compounds are quinoline and 

dicyanamide derivates [4,5,7-11]. 

Several [M(L)x] complexes (M = transition metals, L = quinoline or cyanamide 

derivate) have been synthesized and reported to function as antibacterial 

compounds [9,12-14]. Although cyanamide ligands are widely used as starting 

material of supramolecular compounds [15-18] and can act as monodentate, 

bidentate, and bridging ligands [19-21], complexes formed by these compounds 

potentially have antibacterial properties due to their free electron pairs in the 

nitrogen atom [13,22]. Likewise, quinoline ligands have high electron density and 

the potential to interact with the bacterial surface. Furthermore, complexes with 

metal ions of Mn2+, Co2+, Ni2+, and Cu2+ with [N(CN)2]- ligands have been 

reported to have antibacterial properties [5,13,14]. They have different bacterial 

inhibition due to differences in the metal ions, which can affect their ability to 

polarize bacterial components [23]. Thus, developing complexes with high 

antibacterial properties by combining the properties of metal ions and ligands is 

still required. 

In this study, complexes of [M(Quin)2(N(CN)2)2] ∞ with M = Mn2+ and Co2+ were 

synthesized and characterized. These two metal ions generally form stable 

complexes in an octahedral geometry and can form chain-like structures due to 

[N(CN)2]- bridging ligands. Further, the quinoline ligands with high electron 

density will coordinate to the metal ions. The combination of these two metal ions 

with these two types of ligands is expected to have good interaction with 

functional groups in the bacterial DNA and mitochondria and reduce bacterial 

activity. The structure and the magnetic properties of the as-synthesized crystals 

are also reported in this paper. 

2 Experimental Section 

2.1 Materials 

Mn(NO3)2.4H2O (≥97%), C9H7N (≥97%), and NaN(CN)2 (96%) were purchased 

from Sigma Aldrich. CoCl2.6H2O (99%) and CH3OH (99.9%) without further 

purification were obtained from Merck. 

2.2 Instrumentation 

Single crystals of [Mn(Quin)2(N(CN)2)2]∞ (1) and [Co(Quin)2(N(CN)2)2]∞ (2) 

complexes were measured on an APEX II diffractometer equipped with an Mo 

Kα radiation source. All structures were solved and refined with SHELXTL and 

SHELXL programs [G. M. Sheldrick, Acta Crystallogr., Sect. A: Found. 
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Crystallogr., 2008, 64, 112-122] respectively.  A Shimadzu IR Prestige-21 

spectrophotometer with KBR pellet was used to record FTIR spectra. 

2.3 Synthesis of Complexes 

Complex 1. Mn(NO3)2.4H2O salt (0,2510 g; 1 mmol) was slowly added to 10 mL 

of methanolic solution of quinoline (0,23 mL; 2 mmol) and stirred for 2 h, 

resulting in an orange solution. The second ligand, NaN(CN)2 (0,1780 g; 2 

mmol), was slowly added to the mother liquor solution and stirred for 4 h. The 

resulting solution was slowly evaporated to obtain white cubic-shaped crystals 

after 10 days. Melting point 208 °C, IR (cm-1); 2177 (C≡N); 1148 (C=N). 

Complex 2. CoCl2.6H2O salt (0,24 g; 1 mmol) was added to 10 mL of methanolic 

solution of quinoline (0,23 mL; 2 mmol) and stirred at 70 °C for 2 h, giving a 

blue solution. The second ligand, NaN(CN)2 (0,1780 g; 2 mmol), was then added 

to the mother liquor and stirred for 4 h. The complex solution was filtered and 

slowly evaporated, forming red needle-shaped crystals after 10 days. Melting 

point 230 °C, IR (in cm-1); 2183 (C≡N); 1147 (C=N). 

2.4 Antibacterial Study 

The antibacterial activity of both complexes was evaluated using the diffusion 

technique with Salmonella typhi and Staphylococcus aureus bacteria. Both 

bacteria stored in NA were suspended in NaCl solution as nutrient on NB agar 

media. The bacteria culture was inoculated into the agar media for 500 𝜇L until 

evenly distributed throughout the test media. Paper disks of 6 mm in diameter 

were immersed into the test, reactant, and control solutions for 20 minutes. The 

concentration of the sample and control was set to 1 mg/mL. The samples were 

incubated for 1 day at 37 °C and the diameter of the inhibition zone was observed. 

Analysis of antibacterial activity was carried out by measuring the clear area, 

which indicates the inhibition of microorganism growth by the antibacterial 

agent. Measurements of the diameter of the inhibition zone of bacterial growth 

were compared among the complexes, starting materials of the complexes (metal 

salts, ligands, and solvent), and chloramphenicol as positive control. 

3 Results and Discussion 

3.1 Synthesis and Structure of Complexes 

Complexes 1 and 2 were synthesized using the direct reaction method by mixing 

both metal salts and quinoline. The addition of NaN(CN)2 was performed after 

the former step had proceeded for 2 h, allowing the N(CN)2 ligand to slowly insert 

between metal ions and act as a bridging ligand. Single crystals of both complexes 

were obtained by slow evaporation with color and shape depending on the metal 
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ions of the complexes. 1 and 2 are stable complexes at room temperature and 

undergo decomposition at 230 °C for complex 1 and 208 °C for complex 2 as 

visually assessed from their change in color. 

Table 1 Crystal data and structure refinement for 1 and 2. 

 1 2 

Empirical formula C22 H14 Mn N8 C22 H14 Co N8 

Formula weight   445.35 449.34 

Temperature  150(2)K 150(2) K 

Wavelength  0.71073 Å 0.71073 Å 

Crystal system   Triclinic Triclinic 

Space group P -1 P -1 

Unit cell dimensions a = 7.5207(14) Å a = 7.3942(10) Å 

 b = 7.7729(16) Å b = 7.7960(10) Å 

 c = 9.5968(15) Å c = 9.4907(13) Å 

 𝛼= 96.388(6)° 𝛼 = 96.631(4)° 

 𝛽 = 112.617(5)° 𝛽 = 112.742(4)° 

 𝛾 = 102.751(6)° 𝛾 = 102.458(4)° 

Volume  492.96(16) Å3 480.52(11) Å3 

Z 1 1 

Density (calculated) 1.500 Mg/m3 1.553 Mg/m3 

Absorption coefficient 0.698 mm-1 0.922 mm-1 

F(000)  227 229 

Theta range for data collection 2.753 to 27.113° 3.015 to 27.562°. 

Index ranges 

 

Reflections collected  

-9 ≤ h ≤ 9, -9 ≤ k ≤ 9, -8 ≤ 

l ≤ 12 

6467 

-9 ≤ h ≤ 5, -9 ≤ k ≤ 10, -12 ≤ 

l ≤ 12 

4765 

Independent reflections  2135 [R(int) = 0.0354] 2166 [R(int) = 0.0290] 

Completeness to theta  θ = 25.242°, 98.9 % θ = 25.242°, 99.5 % 

Refinement method  Full-matrix least-squares on F2 

Data / restraints / parameters 2135 / 0 / 142 2166 / 0 / 142 

Goodness-of-fit on F2  1.167 1.058 

Final R indices [I>2σ(I)]  R1 = 0.0419, wR2 = 0.0992 R1 = 0.0541, wR2 = 0.1393 

R indices (all data)  R1 = 0.0466, wR2 = 0.1022 R1 = 0.0589, wR2 = 0.1450 

Largest diff. peak and hole 

  

0.565 and -0.470 e.Å-3 2.779 and -0.561 e.Å-3 

Single crystal XRD was carried out to determine the crystal structure of both 

complexes, as summarized in Table 1. Both complexes had the same structural 

arrangement, with a metal ion at the center, surrounded by six ligands in a 

distorted octahedral shape. The metal ions are located on an inversion center, 

which means that the complex is centrosymmetric, as shown in Figure 1. The 

metal ions are coordinated to the nitrogen atom of two quinoline ligands in an 

axial position. The equatorial position is occupied by [N(CN)2]- as bridging 

ligand to form a 1D chain parallel to the a axis (Figure 1). This structure was also 

observed in the previously reported complex of [Cu(NITpPy)2(N(CN)2]2 [19]. 
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Figure 1 View of polymeric compound [M(Quin)2(N(CN)2)]∞ developed along 

the a axis. (The labeling scheme is the same for both the M = Mn and the Co 

compound). Symmetry transformations used to generate equivalent atoms: 
ix+1,y,z; ii -x,-y,-z; iii -x+1,-y,-z; iv x-1,y,z. 

Selected bond lengths and bond angles of the centrosymmetric complexes are 

tabulated in Table 2. The bond length of the Mn ions and the quinoline ligand is 

indicated by the distance of Mn – N4 (Figure 1), i.e., 2.3432(18) Å. This length 

is slightly greater than the bond length between the Mn ions and the N(CN)2 

ligand, as shown by the distance of Mn – N (1) = 2.201(2) Å and Mn – N (3) iii = 

2.206(2) Å (Figure. 1). It shows the steric effect of the aromatic ring in the 

quinoline ligand. A shorter bond length was observed for complex 2, as shown in 

Table 2. The distance of Co – N (4) was observed to be 2.225(2) Å, while Co – 

N (1) and Co – N (3) iii were 2.109(2) and 2.117(2) Å, respectively.  

The higher bond length of Mn – N compared to Co – N is most likely due to the 

ionic atomic radius of the metal ions as well as the bond strength between the 

metal ions and N as electron-donating atoms. The bond angles of N1-M-N4 were 

93.00(7) and 92.60(8) for complex 1 and 2, respectively (obviously, the 

centrosymmetric bond angle of N4-M-N1ii was observed to be 87.00(7) in 

complex 1 and 87.40(8) in complex 2. This distorted structure is caused by the 

steric hindrance of the quinoline and the bridging ligand of N(CN)2. This steric 

hindrance effect can be observed in the bond angles and distances of the complex. 
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Table 2 Selected bond lengths [Å] and angles [°] * for 1 and 2. 

 1 (M = Mn) 2 (M = Co)  1 (M = Mn) 2 (M = Co) 

      

M-N(1)  2.201(2) 2.109(2) N(4)-C(7)-C(6) 122.1(2) 121.9(2) 

M-N(3)iii  2.206(2) 2.117(2) C(8)-C(7)-C(6) 118.6(2) 118.4(2) 

M-N(4)  2.3432(18) 2.225(2) C(9)-C(8)-C(7) 119.6(3) 120.1(2) 

C(1)-N(1) 1.148(3) 1.151(4) C(8)-C(9)-C(1) 121.7(3) 121.0(3) 

C(1)-N(2) 1.303(3) 1.305(4) C(11)-C(10)-C(9) 119.7(3) 120.5(3) 

C(2)-N(3) 1.152(3) 1.153(4) C(10)-C(11)-C(6) 120.5(2)) 120.2(3) 

C(2)-N(2) 1.303(3) 1.302(4) N(1)-M-N(3)iii 87.71(10) 86.92(9) 

C(3)-N(4) 1.312(3) 1.325(4) N(1)-M-N(3)iv 92.29(10) 93.08(9) 

C(3)-C(4) 1.394(4) 1.407(4) N(1)-M-N(4)ii 87.00(7) 87.40(8) 

C(4)-C(5) 1.360(4) 1.361(4) N(1)-M-N(4) 93.00(7) 92.60(8) 

C(5)-C(6) 1.399(4) 1.412(4) N(1)ii-M-N(4) 87.00(7) 87.40(8) 

C(6)-C(7) 1.411(3) 1.419(4) N(3)iii-M-N(4) 86.68(7) 87.17(8) 

C(6)-C(11) 1.408(3) 1.423(4) C(1)-N(1)-M 159.8(2) 160.4(2) 

C(7)-N(4) 1.381(3) 1.377(3) C(2)-N(2)-C(1) 119.9(2) 118.6(2) 

C(7)-C(8) 1.399(3) 1.417(4) C(2)-N(3)-Mi 161.2(2) 161.9(2) 

C(8)-C(9) 1.364(4) 1.375(4) C(3)-N(4)-C(7) 117.1(2) 117.2(2) 

C(9)-C(10) 1.402(4) 1.407(4) C(3)-N(4)-M 113.72(15) 113.76(17) 

C(10)-C(11) 1.339(4)) 1.352(5) C(7)-N(4)-M 129.16(14) 129.03(18) 

N(1)-C(1)-N(2) 175.4(3) 174.6(3) N(1)…N(2)…N(3) 124.8(1) 123.8(1) 

N(3)-C(2)-N(2) 174.1(3) 174.2(3)    

N(4)-C(3)-C(4) 124.3(2) 124.6(3)    

C(5)-C(4)-C(3) 119.1(3) 118.6(3)    

C(4)-C(5)-C(6) 119.6(2) 119.6(2)    

C(5)-C(6)-C(7) 117.7(2) 118.1(2)    

C(5)-C(6)-C(1) 122.4(2) 122.1(2)    

C(7)-C(6)-

C(11) 

119.9(2) 119.8(3)    

N(4)-C(7)-C(8) 119.3(2) 119.7(2)    

      

N(1)…N(3) 4.343(3) 4.327(3)    

*Symmetry transformations used to generate equivalent atoms: ii -x,-y,-z; iii -x+1,-y,-z; iv x-1,y,z. 

Figure 1 shows the two complexes forming polymeric crystals, with the 

[N(CN)2]- ligand forming a chain along the axis. The shortest intra-chain 

interaction was observed between nitrogen atoms of the same [N(CN)2]- ion and 

between two [N(CN)2]- ions, i.e., 4.343(3) Å and 5.312(4) Å for complex 1; 

4.327(3) Å and 5.206(5) Å for complex 2. The distortion of the bond angle in 

complex 2 was higher than that in complex 1, since the ionic radius of Co(II) is 

smaller than that of Mn(II). 

In Figures 2 and 3, the 1D structure of complexes 1 and 2 is shown, where the 

[N(CN)2]- ligand acts as a bridging ligand (μ1 and μ3), connecting two metal ions 

in a bidentate manner. As shown in Figure 3, the quinoline molecules have trans 

conformation with each other in the unit cell between the square corners of the 

four chains of the complex along the a-axis. Such an arrangement can create voids 
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in the center of the lattice, which can promote the role of these compounds as 

antibacterial agents or catalysts. A similar structure has been found in complexes 

consisting of [N(CN)2]- and 2-NITpPy ligands with Mn(II) and Co(II) metal ions 

[24,25]. Both complexes also have the same structure as complexes containing 

oxoquinoline as a derivate of quinoline with dicyanamide as ligand [26]. The 

dicyanamide bridge formed is almost the same as observed in the 

[M2(enbzpy)(dca)4]n (M = Cu(II) Ni(II)), [Fe(dmbpy)(µ1,5-dca)2], 

[Mn(dca)2(dmdpy)], and [Co(dca)2(dmdpy)] complexes [27-29]. 

 

Figure 2 Packing of compound [M(Quin)2(N(CN)2)2]∞. The labeling scheme is 

the same for both M = Mn and Co compounds. Symmetry transformations used to 

generate equivalent atoms: ix+1,y,z;v 1-x,-y,1-z; vi x+1, y+1,z; vii 1-x, 1-y, 1-z. 

 

Figure 3 1-D chain structure of [M(Quin)2(N(CN)2)2]∞ (M = Co(II), Mn(II)) 

along the a axis with N(CN)2 acting as bridging ligand with symmetries i: 1+x, y, 

z; iv: x-1, y, z; viii: x-2, y, z; ix: 1+x, y, z-1;. x: x, y, z-1;. xi: x-1, y, z-1;. xii: x-2, y, z-

1. 
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The 1D chain structure of these complexes could also be detected by FTIR. As 

depicted in Figure 4, one of the -C≡N functional groups from the [N(CN)2]- ligand 

was observed at 2177 cm-1 for complex 1 and 2183 cm-1 for complex 2, shifting 

towards a higher wavenumber. This indicates that both N atoms of the [N(CN)2]- 

ligand are coordinated to metal ions (Figure 3). 

 

Figure 4 FTIR spectra of 1, 2, quinoline, and sodium dicyanamide. 

The conductivity of both complexes was measured to understand the ionization 

in the methanolic solution. As tabulated in Table 3, both complexes showed lower 

conductivity compared to their precursors, except for quinoline. This indicates 

that both complexes remained in molecular form in that solvent. 
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Table 3 Electrical conductivity of complexes and their precursors. 

No Compound C(mg.mL-1) σ(μS.cm-1) 

1. Methanol - 5.29 

2. Quinoline (MeOH) 1 3.06 

3. NaN(CN)2 (MeOH) 1 120.3 

4. Mn(NO3)2 (MeOH) 1 500.0 

5. CoCl2 (MeOH) 1 86.0 

6. Mn(quin)2(N(CN)2)2 (MeOH) 1 38.0 

7. Co(quin)2(N(CN)2)2 (MeOH) 1 32.4 

3.2 Magnetic Properties 

The temperature dependences of the magnetic susceptibility for complexes 1 and 

2 were measured in the temperature range from 2K to 300K using an applied field 

of 1,000 Oe. At room temperature, the value of χMT for complex 1 was 4.2 

cm3.K.mol-1, which is equal to S = 5/2 spins of MnII (Figure. 5a). This value 

decreased when the temperature was lowered, which indicates antiferromagnetic 

interactions. The χM T value for complex 2 at room temperature was close to 3.1 

cm3.K.mol−1, which is higher than the spin-only of cobalt(II) in the absence of 

exchange coupling (Figure 5b). The magnitude of the magnetic susceptibility can 

be attributed to a significant orbital contribution from the octahedral Co(II) ions. 

The decrease of χM T at lower temperature indicates weak antiferromagnetic 

interactions. Both complexes show no interaction between metal ions since the 

[N(CN)2]- ligand has sufficient length to prevent interaction between adjacent 

metal ions. 

 
Figure 5 Experimental χM T vs temperature for complex 1 (a) and complex 2 (b). 

 

3.3 Antibacterial Activities 

The diffusion method with Millner-Tunner agar media was used to evaluate the 

antibacterial properties of the complexes. The antibacterial activity is presented 

in Table 4. As presented in Table 4, complexes 1 and 2 showed similar spot 
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diameters. This could be because the atomic radii of the metal ions were not too 

large and the effect of the ligands on both complexes was the same [23]. 

Moreover, both complexes showed similar antibacterial activity, where the zone 

of inhibition was larger for Staphylococcus aureus than for Salmonella typhi 

(Table 4, Entry 1 & 2). A similar trend has also been observed in another complex 

containing dicyanamide ligand, i.e., [Mn(2-ampy)2(μ-1,5-dca)2]n (2-ampy = 2-

Aminopyridine) [26]. Moreover, as displayed in Table 4 (Entry 1-2 and 6-10), 

samples 1 and 2 showed a slightly better inhibitory effect on both bacteria 

compared to their starting materials (metal salts, free ligands, and methanol). Yet, 

they showed inferiority in compassion to chloramphenicol (+). 

Complexes 1 and 2 both showed a higher inhibitory effect on Salmonella typhi 

compared to [Mn(2-ampy)2(μ-1,5-dca)2]n, although both had a lower inhibitory 

effect on Staphylococcus aureus compared to the latter. As expected, an 

isostructural complex with pyrazinamide ligand (PZA), {[Mn(μ1,5-

dca)2(PZA)2](PZA)2}n, shows a greater inhibitory effect compared to samples 1 

and 2, since PZA contains more atoms with free electron pairs (Entry 3, Table 4). 

The more polar the side groups, the stronger the ability to polarize the bacteria 

[14,30]. 

Table 4 Antibacterial test. 

Entry Sample 

Zone of inhibition (mm) 

Remarks Salmonella 

typhi 

Staphylococcus 

aureus 

11 Chloramphenicol (+) 24.9 8.8 This work 

3 {[Mn(μ1,5-dca)2(PZA)2](PZA)2}n 24.5 13.6 [14] 

4 [Mn(2-ampy)2(μ1,5-dca)2]n  1.25 12.5 [29] 

5 Co(2-ampy)2(dca)2  8.5 6.0 [5] 

8 CoCl2.6H2O 6.05 6.6 This work 

10 Methanol 6.55 6.4 This work 

1 1 5.9 6.7 This work 

2 2 5.8 6.85 This work 

7 Mn(NO3)2.4H2O  5 6.65 This work 

9 NaN(CN)2 5 6.5 This work 

6 Quinoline  5 6.2 This work 

4 Conclusion 

Complexes of [M(Quin)2(N(CN)2)2]∞ (M = Mn(II), Co(II)) were successfully 

synthesized using the direct method. Both are 1D polymeric crystals with an 

octahedral geometry along the metal ions with the [N(CN)2]- ligand acting as 
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bridging ligand bidentate μ1 and μ3. Both complexes had similar magnetic 

properties, i.e., antiferromagnetic at room temperature. Their antibacterial 

activity toward S. Typhi and S. aureus was higher than that of the precursors. 

5 Supplementary Material 

Crystallographic data for structural analysis were deposited with Cambridge 

Crystallographic Data Centre, CCDC no. 2184062 for [Mn(Quin)2(N(CN)2)2]∞ 

and CCDC no. 2184061 for [Co(Quin)2(N(CN)2)2]∞. Copies of this information 

may be obtained from the CCDC and FIZ Karlsruhe Deposition Teams, e-mail: 

deposit@ccdc.cam.ac.uk or from the Cambridge Crystallographic Data Centre: 

https://www.ccdc.cam.ac.uk. 
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