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ABSTRACT 

Polynuclear silver(I) complex, [Ag(NO3-O)(2,2’-bq-N,N’)]n, was synthesized by the reaction of equimolar amount 

of silver(I) nitrate and 2,2’-biquinoline (2,2’-bq) in ethanol at room temperature. The characterization of the 

complex was established on the basis of elemental microanalysis, IR, NMR (1H and 13C) and UV-Vis spectroscopic 

techniques. The results of spectroscopic analyses revealed that in [Ag(NO3-O)(2,2’-bq-N,N’)]n complex, 2,2’-bq 

ligand behaves as a chelate, while the remaining coordination sites are occupied by the oxygen atoms of two 

nitrates.  
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INTRODUCTION 

Silver(I) complexes with aromatic nitrogen-containing 

heterocycles (N-heterocycles) have attracted a considerable 

attention in the field of pharmaceutical and supramolecular 

chemistry (Khlobystov et al., 2001; Medici et al., 2019). Thus, 

various silver(I) complexes with this type of ligands are known 

to exhibit remarkable antimicrobial activity against different 

Gram-positive and Gram-negative bacteria and fungal species, 

which are causative agents of many microbial infections 

(Nomiya et al., 2000; Rowan et al., 2006; Kalinowska-Lis et al., 

2014; Kalinowska-Lis et al., 2015; Pettinari et al., 2011; Savić et 

al., 2016; Glišić et al., 2016; Savić et al., 2018; Andrejević et al., 

2018; Pavić et al., 2019). Furthermore, silver(I) complexes with 

aromatic N-heterocycles have shown significant antiproliferative 

activity against different human tumor cell lines, being, in some 

cases, superior to the clinically used platinum(II) complexes 

(Banti et al., 2013). 

The second important reason for investigation of silver(I) 

chemistry with aromatic N-heterocycles stems from the findings 

that the Ag(I) ion coordinated by these ligands is a favorable 

building block for coordination polymers, having potential 

applications for design of innovative materials, including liquid 

crystals (Khlobystov et al., 2001; Yeşilel et al., 2010; Pucci et 

al., 2011). In coordination polymers, Ag(I) ion can have 

coordination numbers between two and six, adopting various 

geometries, such as linear, bent, trigonal, T-shaped, tetrahedral, 

trigonal pyramidal and octahedral. Moreover, weak contacts, 

such as argentophilic Ag...Ag, Ag...π and Ag...solvent/counterion 

interactions, have significant influence on the structural 
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properties of silver(I) coordination polymers in the solid state 

(Khlobystov et al., 2001; Fik et al., 2014). 

In the design of silver(I) coordination polymers, various 

bridging and chelating aromatic N-heterocycles have been used. 

Among them, 2,2’-bipyridine (2,2’-bipy) and its derivatives have 

been a subject of research due to their coordination versatility 

which allowed the tuning of the topology, the supramolecular 

architectures and other features in a series of silver(I) complexes 

(Pucci et al., 2011; Bellusci et al., 2008; Bowmaker et al., 2005). 

Herein, 2,2’-biquinoline (2,2’-bq), which is a larger and more 

rigid π system than 2,2’-bipy, was used as a ligand for 

complexation to Ag(I) ion. This ligand has two nitrogen-donors 

and the two flexible quinoline moiety linked together by a single 

C–C bond, which allow its different coordination behaviour 

towards metal ions (Pucci et al., 2011). Considering this, the 

reaction of silver(I) nitrate with an equimolar amount of 2,2’-

biquinoline (2,2’-bq) was performed and polynuclear silver(I) 

complex, [Ag(NO3-O)(2,2’-bq-N,N’)]n, was isolated and 

characterized by spectroscopy (IR, 1H and 13C NMR and UV-

Vis). 

EXPERIMENTAL 

Reagents 

Silver(I) nitrate, 2,2’-biquinoline (2,2’-bq), ethanol, 

dimethylformamide (DMF) and deuterated dimethylformamide 

(DMF-d7) were purchased from the Sigma-Aldrich Chemical Co. 

All the employed chemicals were of analytical reagent grade and 

used without further purification. 

Measurements 

Elemental microanalysis of the silver(I) complex for 

carbon, hydrogen and nitrogen was performed by the 
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Microanalytical Laboratory, Faculty of Chemistry, University of 

Belgrade. All NMR spectra were recorded at 25 C on a Bruker 

Avance III 400 MHz spectrometer (1H at 400 MHz, 13C at 101 

MHz). 5 mg of 2,2’-bq and its silver(I) complex was dissolved in 

0.6 mL of DMF-d7 and transferred into a 5 mm NMR tube. 

Chemical shifts are expressed in ppm ( / ppm) and scalar 

couplings are reported in Hertz (J / Hz). Chemical shifts were 

calibrated relative to those of the solvent. The IR spectra were 

recorded as KBr pellets on a Perkin-Elmer Spectrum One FT-IR 

spectrometer over the wavenumber range 4000 – 450 cm-1. The 

UV-Vis spectra were recorded over the wavelenth range of 900 – 

200 nm on a Shimadzu UV-1800 spectrophotometer after 

dissolving 2,2’-bq and its silver(I) complex in DMF. The 

concentration was 1.9.10-5 M.  

Synthesis of [Ag(NO3-O)(2,2’-bq-N,N’)]n  complex 

5.0 mL of ethanolic solution of AgNO3 (1.0 mmol, 169.9 

mg) was added dropwise to ethanolic solution (5.0 mL) of 2,2’-

bq (1.0 mmol, 256.3 mg) with stirring at room temperature. The 

stirring was continued for 3 h in the dark at room temperature, 

and after that time, the final solution was left to slowly 

evaporate. After a while, the pale-yellow crystals of silver(I) 

complex were obtained. These crystals were filtered off and 

dried in the dark at room temperature. The yield was 73% (311.1 

mg). 

[Ag(NO3-O)(2,2’-bq-N,N’)]n.  Anal. Calcd. for 

C18H12AgN3O3 (MW 426.18): C, 50.73; H, 2.84; N, 9.86%. 

Found: C, 50.92; H, 2.89; N, 9.74%. 1H NMR (400 MHz, DMF-

d7): δ = 7.56 - 7.66 (m, 4 H, H-6 and H-7), 8.09 (dd, 2 H, J5,6  = 

7.7 Hz, J5,7  = 1.6 Hz, H-5), 8.16 (dd, 2 H, J7,8  = 8.3 Hz, J6,8  = 1.1 

Hz, H-8), 8.83 (d, 2 H, J3,4  = 8.7 Hz, H-4), 8.89 (d, 2 H, J3,4  = 

8.7 Hz, H-3). 13C NMR (101 MHz, DMF-d7): δ = 121.75 (C-3), 

129.29 (C-5), 129.60 (C-6), 130.36 (C-4a), 130.93 (C-8), 132.70 

(C-7), 141.06 (C-4), 147.43 (C-8a), 153.40 (C-2). IR (KBr,  

cm-1): ~3000w (ν(Car–H)), 1594m, 1505m (ν(Car=Car) and 

ν(Car=N)), 1384vs, 1302s (νas(NO3)), 1326 (ν(C–N)), 812m, 

745m (γ(Car–H)). UV-Vis (DMF, λmax, nm): 315.0 (ε = 2.5.104 

M-1cm-1), 326.0 (ε = 2.9.104 M-1cm-1), 339.0 (ε = 2.5.104  

M-1cm-1), 355.0 (ε = 3.8.103 M-1cm-1). 

2,2’-bq (data given for comparative purposes). MW = 

256.30. 1H NMR (400 MHz, DMF-d7): δ = 7.54 (ddd, 2 H, J5,6  = 

8.1 Hz, J6,7  = 6.9 Hz, J6,8  = 1.2 Hz, H-6), 7.72 (ddd, 2 H, J7,8 = 

8.4 Hz, J6,7  = 6.9 Hz, J5,7  = 1.4 Hz, H-7), 7.94 (dd, 2 H, J5,6  = 8.1 

Hz, J5,7  = 1.1 Hz, H-5), 8.07 (bd, 2 H, J7,8  = 8.4 Hz, H-8), 8.46 

(d, 2 H, J3,4  = 8.6 Hz, H-4), 8.73 (d, 2 H, J3,4  = 8.6 Hz, H-3). 13C 

NMR (101 MHz, DMF-d7): δ = 119.83 (C-3), 128.29 (C-6), 

128.99 (C-5), 129.53 (C-4a), 130.55 (C-8), 130.98 (C-7), 138.12 

(C-4), 148.69 (C-8a), 156.72 (C-2). IR (KBr, cm-1): ~3000w 

(ν(Car–H)), 1594s, 1497m (ν(Car=Car) and ν(Car=N)), 1327 (ν(C–

N)), 829vs, 738vs (γ(Car–H)). UV-Vis (DMF, λmax, nm): 315.0 (ε 

= 3.6.104 M-1cm-1), 326.0 (ε = 4.2.104 M-1cm-1), 339.0 (ε = 3.3.104 

M-1cm-1). 

RESULTS AND DISCUSSION 

Synthesis and structural features of [Ag(NO3-O)(2,2’-bq-N,N’)]n 

complex 

Silver(I) complex with 2,2’-biquinoline (2,2’-bq) was 

synthesized according to the route presented in Figure 1. The 

reaction of AgNO3 and 2,2’-bq in 1 : 1 mole ratio in ethanol at 

room temperature yielded polynuclear [Ag(NO3-O)(2,2’-bq-

N,N’)]n complex. The composition and structural formula of this 

silver(I) complex was consistent with elemental analysis, IR, 

solution NMR (1H and 13C) and UV-Vis spectroscopic results. 

We isolated the crystals of the complex suitable for X-ray 

analysis, however, the crystallographic results indicated that the 

crystal structure of [Ag(NO3-O)(2,2’-bq-N,N’)]n was very similar 

to that for the complex obtained in the reaction of AgNO3 and 

2,2’-bq in acetonitrile (Bowmaker et al., 2005). Considering this, 

the crystal structure of polynuclear [Ag(NO3-O)(2,2’-bq-N,N’)]n 

complex will not be discussed herein. 

 

Figure 1. Schematic presentation of the synthesis of [Ag(NO3-

O)(2,2’-bq-N,N’)]n complex. Numbering scheme of carbon and 

nitrogen atoms in 2,2’-bq is in agreement with IUPAC 

recommendations for fused ring systems. 

Spectroscopic characterization 

The IR, NMR (1H and 13C), and UV-Vis spectroscopic data 

for 2,2’-bq and [Ag(NO3-O)(2,2’-bq-N,N’)]n complex are listed 

in the Experimental section. In the IR spectrum of [Ag(NO3-

O)(2,2’-bq-N,N’)]n complex, two strong bands at 1384 and 1302 

cm-1 due to the nitrate asymmetric stretching vibrations are 

observed (Table 1), indicating that nitrate is coordinated to Ag(I) 

ion (Potapov et al., 2015). The splitting of the nitrate asymmetric 
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stretching vibrations in the IR spectrum of [Ag(NO3-O)(2,2’-bq-

N,N’)]n is in accordance with that observed in the spectra of 

polynuclear [Ag(NO3-O)(qz)]n (qz is quinazoline) (Savić et al., 

2016) and [Ag(NO3-O)(L-N4)2]n complexes, L is 1-benzyl-1H-

tetrazole (bntz), 1-benzyl-1H-tetrazol-5-amine (bntza) and 1-(4-

methoxybenzyl)-1H-tetrazol-5-amine (mbntza) (Andrejević et 

al., 2018), all containing nitrate as a bridging ligand between two 

Ag(I) ions (Table 1). 

Table 1. IR asymmetric nitrate stretching frequencies (ν, cm-1) of 

polynuclear silver(I) complexes containing nitrate as a bridging 

ligand 

Silver(I) complex νasym(NO3
-) Ref. 

[Ag(NO3-O)(2,2’-bq-N,N’)]n 1384, 1302 This work 

[Ag(NO3-O)(qz)]n 1377, 1352 
Savić et al., 

2016. 

[Ag(NO3-O)(bntz-N4)2]n 1384, 1354 
Andrejević 

et al., 2018. 

[Ag(NO3-O)(bntza-N4)2]n 1384, 1364 
Andrejević 

et al., 2018. 

[Ag(NO3-O)(mbntza-N4)2]n 1384, 1306 
Andrejević 

et al., 2018. 

 

Solution state 1H and 13C NMR spectra were measured in 

deuterated DMF in order to confirm the bidentate coordination of 

2,2’-bq to the Ag(I) ion. The spectra of the [Ag(NO3-O)(2,2’-bq-

N,N’)]n complex were compared with those for the corresponding 

ligand. Numbering scheme of carbon atoms in 2,2’-bq is 

presented in Figure 1. In the 1H NMR spectrum of the silver(I) 

complex, there are noticeable downfield shifts (+0.16 and +0.37 

ppm) for the H-3 and H-4 protons of the pyridyl moiety of 2,2’-

bq in respect to those for these protons of the free ligand (Figure 

2). The shifting of the resonance due to the H-3 proton is thought 

to be a consequence of a change of 2,2’-bq configuration upon its 

coordination from preferred transoid form to a cisoid one 

(Starosta et al., 2013). Furthermore, the resonances of the H-5 – 

H-8 protons are slightly shifted compared to those of the 

uncoordinated 2,2’-bq. The small coordination shifts observed 

for these protons in [Ag(NO3-O)(2,2’-bq-N,N’)]n complex are in 

agreement with the spectroscopic features of silver(I) complexes 

with aromatic nitrogen-containing heterocyclic ligands, due to 

the fast ligand exchange phenomenon on the NMR timescale 

(Kalinowska-Lis et al., 2015). For the presently investigated 

silver(I) complex, the order of 1H resonances is in accordance 

with those for the mononuclear [Ag(tsac-S)(2,2’-bq-

N,N’)].CH3CN complex, which spectrum is recorded in DMSO-

d6 (tsac is thiosaccharinate anion) (Burrow et al., 2016). The 

latter complex was previously obtained in the reaction of 

hexameric [Ag6(tsac)6] complex with 2,2’-bq in acetonitrile as 

solvent (Burrow et al., 2016). 

The 13C NMR spectrum of [Ag(NO3-O)(2,2’-bq-N,N’)]n in 

DMF-d7 displays nine signals differently positioned from those 

of the uncoordinated ligand. Within the 2,2’-biquinoline, the 

nitrogen-adjacent C-atoms, i.e. C-2 and C-8a are shielded (-3.32 

ppm for C2 and -1.26 ppm for C8a), while the more far-distant 

ring carbons are deshielded (up to +2.94 ppm for C4).  

 

Figure 2. 1H NMR spectra of 2,2’-bq (A) and [Ag(NO3-O)(2,2’-

bq-N,N’)]n complex (B) measured in DMF-d7 (400 MHz). 

The UV-Vis spectrum of [Ag(NO3-O)(2,2’-bq-N,N’)]n 

complex recorded in DMF at room temperature shows three 

bands with absorption maxima at λ = 315.0, 326.0 and 339.0 nm 

and lower intensity shoulder at λ = 355.0 nm (Figure 3). 

 

Figure 3. UV-Vis spectra of 2,2’-bq and [Ag(NO3-O)(2,2’-bq-

N,N’)]n complex measured in DMF (c = 1.9.10-5 M). 

As can be seen, the spectral features of this complex are 

similar with those of the 2,2’-bq, differing only in the appearance 

of a shoulder in the spectrum of the complex. Considering this 
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and the fact that the d10 metal coordination does not influence the 

electronic transitions already active in the ligand, the three bands 

at λ = 315.0, 326.0 and 339.0 nm can be attributed to the π → π* 

transitions of the aromatic rings of the 2,2’-bq and originate from 

an intraligand charge transfer (ILCT) (Pucci et al., 2011). On the 

other hand, the appearance of a shoulder at λ = 355.0 nm in the 

spectrum of the complex is attributed to the complexation 

process and can be assigned to the charge transfer processes 

between silver(I) ion and 2,2’-bq ligand (Tailor et al., 2015; 

Rusu et al., 2016; Kharat et al., 2011). No d → d transitions are 

expected for a complex of d10 metal ion. 

CONCLUSION 

We have shown that the reaction between AgNO3 and 2,2’-

biquinoline (2,2’-bq) in 1 : 1 mole ratio in ethanol leads to the 

formation of polynuclear silver(I) complex,  [Ag(NO3-O)(2,2’-

bq-N,N’)]n. In this complex, Ag(I) ion is bidentately coordinated 

by 2,2’-biquinoline and by the oxygen atoms of two nitrate ions. 

The present results are in contrast to those previously reported 

for the silver(I) complexes obtained in the reactions of AgClO4, 

AgCF3SO3 and [Ag6(tsac)6] with 2,2’-biquinoline, all leading to 

the formation of  discrete mononuclear [Ag(ClO4-O,O’)(2,2’-bq-

N,N’)], [Ag(CF3SO3-O)(2,2’-bq-N,N’)(H2O)] and [Ag(tsac-

S)(2,2’-bq-N,N’)].CH3CN species, respectively (Bowmaker et al., 

2005; Pucci et al., 2011; Burrow et al., 2016). This study 

confirms that the constitution of the silver(I) complexes with 

aromatic N-heterocyclic ligands strongly depends on the reaction 

conditions, such as starting silver(I) compound and solvent. All 

these together should be carefully considered during preparation 

of new silver(I) complexes for different applications in medicinal 

and supramolecular chemistry.     
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