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Abstract: Mixed-ligand complexes of Co(II) and Cu(II) with rutin and glycine were synthesized and studied by the method of "block" synthesis. 
The composition and structure of the synthesized compounds in solutions and in the solid state were studied, and their spectral and 
luminescent properties were determined. It is shown that the mixed-ligand complexes have the composition MII(Gly)2(Rut), while the 
coordination of 3-d metal ions occurs through the catechol fragment of rutin and the carboxyl and amino groups of two glycine molecules. For 
complexes in solutions, luminescence was detected in the visible region of the spectrum (~500 – 540 nm). It is shown that 3-d metal ions quench 
the luminescence of rutin, but in the presence of glycinate ion, the luminescence intensity of the complexes increases. The antibacterial activity 
of the complexes against pathological bacteria Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, P. Aeruginosa was studied. It has 
been shown that the synthesized compounds have an antimicrobial effect. 
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INTRODUCTION 
LAVONOIDS are a large group of phenolic compounds 
that exhibit significant biological and therapeutic 

activity, including antioxidant, antibacterial,[1] anti-
inflammatory, antidiabetic,[2] antitumor, antiallergic,[3] anti-
atherosclerotic, have neuroprotective effects and more.[4–

6] Among flavonoids that exhibit high pharmacological 
activity, the quercetin glycoside rutin (3,3', 4', 5,7-penta-
hydroxyflavone-3-rhamnoglucoside C27H26O16H4, H4L, Rut) 
(Figure 1a) has the most pronounced therapeutic effect and 
widely used as components of medicines.[7,8] 
 Flavonoids, due to the successful arrangement of 
hydroxy and oxo groups in the structure of molecules, form 
stable chelates with various metal ions.[5,9,10] It should be 
noted that the biological activity of metal complexes is 
significantly increased compared to free ligand. Thus, N. E. A. 
Ikeda et al.demonstrated that coordination compounds of 

rutin significantly increase the antioxidant capacity and as 
a result improve other properties of the compounds 
(especially antitumor).[11] 
 One of the ways of purposeful modeling of the 
properties of complexes is the creation of mixed-ligand 
(heteroligand) complexes. In the presence of free 
coordination sites in monolligand complexes, usually 
occupied by water molecules, it is possible to attach to the 
central atom a certain number of other ligands to achieve 
the coordination saturation of the cation. Mixed-ligand 
complexes (MLC) play an important role in nature, because 
biological fluids contain a large number of biomolecules - 
potential ligands (vitamins, enzymes, amino acids, etc.), 
which can compete with complexes with biologically active 
metal ions (Fe, Cu, Co, Zn, Mg etc.) in vivo.[12] It is known 
from the literature that the synthesized mixed-ligand 
complexes show high biological activity against various 
pathogenic microorganisms, which is many times higher 
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than monoligand complexes and free ligands.[13–17] Mixed-
ligand complexes form stable chelates, which play a central 
role in physicochemical, biological and physiological 
processes, play a vital role in the metabolism and transport 
of trace elements in the human body and help in activating 
enzymes.[18,19] Heteroligand complexes of specific structure 
with a number of useful properties and the prospect of use 
as drugs can be obtained.[10,20–22] 
 To obtain heteroligand complexes of 3d metals 
among flavonoids used quercetin, naringenin, neocuproin 
and kaempferol, and as a second ligand - heterocyclic imines 
(2,2՛:6՛,2՛՛ - terpiridine, 2,2՛ - bipyridine)[10,17,19,20,23–27], 
N,N,N՛,N՛ - tetramethylethylenediamine,[23] 1,10-phen-
anthroline,[17,20,23,24,28,29] Schiff's curcumin derivatives,[30] 
dihalic acid,[31] aspartic acid.[32] 
 Biological or pharmaceutical activity was inves-
tigated for all obtained flavonoid heteroligand complexes. 
Thus, S.Vimalraj et al. showed that mixed-ligand complexes 
of copper with flavonoids can be used as pharmacological 
agents in orthopedics.[33] 
 It should be noted that currently there are practically 
no data on mixed-ligand complexes with divalent 3d 
transition metal ions based on rutin. We have previously 
studied rutin complexes with copper(II) and cobalt(II) in 
aqueous-ethanol solutions.[34] It is shown that in weakly 
acidic or neutral medium complexes Cu(II) and Co(II) with 
rutin are formed with the participation of 5-OH and 4-C=O 
fragments A and C of the ring, and in alkaline medium 
chelation occurs on the catechol fragment of ring B routine. 
In this case, the metal complexes have solvent molecules in 
the coordination environment, ie the coordination sphere 
of the metal is not completely saturated with the donor 
groups of the phenolate ligand. Therefore, on the basis of 
monometallic complexes, it is possible to obtain mixed-

ligand complexes, when the donor atoms of the additional 
ligand will serve as elements of the completion of the 
structure to maximize the use of the coordination capacity 
of the cation. Glycine (aliphatic amino acid, Gly) (Figure 1b), 
which is a biologically active substance and is widely used 
as a drug, was chosen as an additional ligand.[35,36] The 
introduction of the phenolates of metals of the second 
biologically active ligand will increase the solubility of the 
complexes, increase their bioactivity due to the synergistic 
effect and expand their scope. We were the first to 
synthesize and study complex formation in ternary systems 
M (II) –rutin–glycine (where M(II) - Cu(II), Co(II)). Synthesis 
and study of the properties of mixed-ligand complexes was 
performed in solutions and solid state, their biological 
activity was studied. 
 

EXPERIMENTAL 

Materials and methods 
All chemicals were analytical grade and used without 
further purification. Rutin and glycine were purchased from 
Sigma-Aldrich). CuCl2·2H2O was purchased from Energy 
Chemical Company. CoCl2·2H2O was purchased from 
Energy Chemical Company.  
 The working solutions of rutin and glycine (0.1 and 
0.001 mol/dm3) were obtained by dissolving the 
appropriate weighed amounts of compounds in ethanol-
aqueous solutions (1 :5), and pH = 7.5 were fixed with 0.10 
and 0.01 mol/dm3 NaOH. 0.001 mol/dm3solutions of 
copper(II) and cobalt(II) chlorides were obtained by 
dissolving the appropriate weighed amounts of the salts in 
redistilled water. The solutions were prepared directly 
before synthesis.  
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Figure 1. The structure of the Rutin (a) and glycine (b). 
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 Cultures of pathological bacteria Escherichia coli, 
Klebsiella pneumoniae, Staphylococcus aureus, P. 
Aeruginosa for the study of biological activity of Cu / Co 
complexes based on rutin were purchased from GibcoBRL 
and provided by the M.G. Kholodny Institute of Botany 
National Academy of Sciences of Ukraine. 
 Electronic absorption spectra (UV-VIS spectra) were 
recorded on a UV/VIS Specord 210 Plus spectrophotometer 
(Analytik Jena AG) in quartz cuvettes with l = 1 cm 
(measurement range 190 –1100 nm; relative error in the 
measurement of optical density ± 0.005). 
 The IR spectra were recorded by using KBr pellets in 
the spectral range 400 –4000 cm–1 on a Shimadzu FT-IR 
8400S instrument. 
 The pH value was recorded on a Mettler Toledo 
Seven Easy pH meter (accuracy ± 0.05) at 20 ± 3 °C and 
constant ionic strength μ = 0.1 M (KNO3). 
 The elemental analyses for Carbon, Hydrogen and 
Nitrogen were obtained on microanalyses Perkins-Elmer 
240c. The accuracy of measurements is 0.2 –0.3 %. 
 The excitation and luminescence spectra of rutine 
solutions and its complexes (1×10–4 M in H2O) were 
recorded on the spectrofluorimeter Fluorolog FL 3-22 
(Horiba Jobin Yvon, 450 WXe-lamp) using OS 11 filter. 
 The synthesis of mixed-ligand complexes was 
performed by the "block" method, taking into account the 
thermodynamic constants of stability of monolithic 
complexes. lgKst MRut and MGly complexes differ in several 
orders (lgKstCuGly2 = 15.66, lgKstCoGly2 = 9.16,[37] lgKstCuRut 
= 18.51),[34] therefore, MLCs are formed according to 
Scheme (Figure 2), when a complex with less stability acts 
as a "building block" for obtaining a multi-ligand compound 
by exocoordination of the second ligand. 

In the first stage, equimolar amounts of aqueous solutions 
of metal salts and glycine were mixed, and the pH of the 
solution was adjusted to 7.5 with 0.1 M NaOH solution. 
After equilibration (~ 40 min), an ethanolic solution of rutin 
was added to the reaction mixture, stirred and the pH was 
adjusted to ≈7.3. The reaction mixture was heated for 4 
hours at a temperature of 65–70 °C. After cooling, the 
synthesized compounds were salted out of solution with a 
mixture of ethanol and acetone (1:4), washed with alcohol 
and dried in air. The obtained MLC complexes are thermally 
stable (melting point about 160 °C). Elemental analysis data 
for the synthesized MLC complexes are given in Table 1. 
 

RESULTS AND DISCUSSION 
From our previous study, it was found that pH = 7.5 is 
optimal for the complexation of Cu(II) and Co(II) with rutin 
in solutions.[36] 

UV/VIS study 
The processes of complexation in ternary systems 
Cu(Co)RutGly studied by UV/VIS-method at an equimolar 
ratio of components and a concentration of 1×10–3 M. On 
Figure 3 shown the comparative electronic absorption 
spectra of monoligand complexes Cu(Co)Rut and Cu(Co)Gly 
with mixed-ligand complexes. In the electronic spectra of 
MLC solutions, absorption maxima are observed that are 
characteristic of the rutin molecule: the range from 320 to 
385 nm is responsible for electronic transitions in the B ring, 
the range from 205 to 275 nm is associated with the 
absorption of A ring. Compared with the absorption maxima 
of glycinate (200 nm for Co, 226 nm for Cu) and phenolate 
(196; 272; 391 nm CoRut; 209; 272; 412 nm CuRut) 3-d metal 

 

Figure 2. Synthesis of mixed-ligand complexes. 
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complexes in multi-ligand systems, the maxima of intraligand 
transitions of the π→π* type of rutin and glycine are 
shifted in the short- or long-wave region, respectively, 
which indicates the formation of mixed-ligand complexes. 
 In addition, in MIIGlyRut systems, the intensity of 
absorption decreases, which indicates a complexation. 
Given that the maximum absorption of MIIGlyRut is closer 
to λmax of MIIRut complexes, we can assume that the 
structure of MLC is determined by rutin, but the bonds of 
the central atom with Rut donor groups are weakened, 
which is confirmed by hypsochromic shift of the main 
π→π* transitions of rutin. 
 In order to obtain information on the quantitative 
composition of ligands included in the internal coordination 
sphere of MLC, the dependence of optical density on Gly 
concentration at constant concentrations of Rut, M (II) and 
pH (~ 7.3) was studied (Figure 4a, 4b). 
 Absorbance value A in relation to glycine concen-
tration in both systems changes in the same way: with 
increasing ligand concentration from 5×10–5 M to 2×10–4 M 
there is an increase in absorbance and there is a well-
defined inflection, which corresponds to the ratio 
M(II) :Gly :Rut = 1 :2 :1, and the composition of the 
complexes corresponds formula MII(Gly)2(Rut). 

 It should be noted that bands from d–d transitions 
inside metal orbitals are observed in the electronic 
absorption spectra of mixed-ligand complexes. Thus, for 
mono- and mixed-ligand complexes of cobalt, absorption 
bands in the region 515 –530 nm are observed, which 
correspond to the spin-allowed transition from the ground 
state 4T1g(4F) to the state 4T1g(4P) (Table 2). 
 However, in MLC, the absorption band maxima are 
shifted to the long wavelength region compared to the 
CoRyt and CoGly monocomplexes, which indicates the 
passage of the process of mixed-ligand complex formation. 
The glycinate anion is introduced into the inner 
coordination sphere of the phenolate complex, and the 
metal–rutin bonds are weakened due to the disruption of 
the structure of the CoRyt monocomplex by the second 
ligand, which is probably due to the mutual repulsion of the 
ligands. The bathochromic shift of the maxima of the d–d 
transitions of Co2+ indicates a decrease in the degree of 
axial distortion and an increase in the acceptor properties 
of ligand donor atoms, i.e., strengthening of metal–ligand 
bonds due to the formation of an additional number of 
Co(II) bonds with Rut and Gly functional groups. 
 The electronic absorption spectra of solutions of 
copper complexes with the studied ligands contain broad 

Table 1. The results of the elemental chemical analysis of mixed-ligand complexes of Cu(II), Co(II) with rutin and glycine 

Elemental analysis / % (Calculated / found) 

Co(Gly)2Rut (M = 813) 

C H N Co 

45.76/45.67 4.18 / 4.28 3.44 / 3.41 7.26 / 7.40 

Cu(Gly)2Rut (M = 817.5) 

C H N Cu 

45.50/45.27 4.16 / 4.20 3.42 / 3.41 7.77 / 7.79 
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Figure 3. Fig. 3 UV-VIS spectra of CoGlyRut (a); CuGlyRut (b) solutions. 
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split bands of d–d transitions that correspond to the flat-
square configuration of Cu(II). However, in mixed-ligand 
copper-containing complexes there is a fourfold splitting of 
spectral bands, which may indicate a change in the 
coordination environment of Cu(II) due to additional 
interaction between copper atoms and donor atoms of 
glycine ligand and neighboring rutin molecules. In this case, 
the coordination polyhedron of copper approaches a 
strongly curved octahedron. The hypsochromic shift of the 
d–d band of the Cu2+ transitions may indicate an 
enhancement of the ligand field and, consequently, a metal 
– ligand bond. 
 Thus, for the synthesized MLC, we can propose the 
following structure (Figure 5). 

FT-IR spectral study 
The basic vibrational frequencies and their assignment in 
the IR spectra of Cu(II) and Co(II) mixed-ligand complexes 
with rutin and glycine are given in Table 3. In a comparative 
analysis of the IR spectra of the synthesized MLC, the main 
attention was paid to the absorption bands responsible for 
the vibrations of the functional groups of the ligands, the 
donor centers of which, probably, could be associated with 
the metal, forming complexes. 

 In the IR spectra, the C=O stretching band of free 
rutin appears at 1660 cm–1, the position of which in the MLC 
IR spectra undergoes a slight shift (by 4 and 7 cm–1), which 
indicates the absence of chelation of metal ions at the 
carbonyl fragment routine. Obviously, this is due to the fact 
that the 3-OH group of the C-ring in rutin is blocked by the 
rutinose disaccharide. The frequency values at 1610 and 
1453 cm–1, corresponding to antisymmetric and symmetric 
stretching vibrations of the C–O bond, practically 
correspond to similar frequencies in the spectrum of Rut, 

Table 2. Transition energies (nm) in the UV-VIS spectra of Co(II) and Cu(II) complexes with Gly and Rut 

Complex λmax / nm Transition 

CoRut 515; 531; 544 4T1g(4F) → 4T1g(4P) 

CoGly 509; 511 4T1g(4F) → 4T1g(4P) 

CoRutGly 519; 534; 543 4T1g(4F) → 4T1g(4P) 

CuRut 634; 644 A1g → T2g 

CuGly 623; 648 A1g → T2g 

CuRutGly 621; 631; 637; 643 B1g → Eg, B1g → A2g, A1g → T2g 

 

 

Figure 5. Proposed structure of MLC. 

O

H2N

OO

O

O

OH

HO

O

O C12H22O11

MII

O

H2N

O

  

(a) (b) 

Figure 4. UV-VIS spectra of solutions of the CuGlyRut system at different ratios of glycine at pH = 7.3 (a) and the dependence 
of optical density on the concentration of glycine (λ = 373 nm) (b). 
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which confirms the absence of MII ions bonding with the 
hydroxyl group of 5-OH and the oxygen atom of the 
carbonyl group (4-C=O) rutin. 
 The bands in the IR spectrum of rutin at 1611 and 
1257 cm–1, related to the frequencies ν(C=C) and ν(C–O–C), 
are shifted in the spectra of the complexes to the low 
frequency region, which indicates an increase in the bond 
order, which is usually observed when metal coordination 
associated with the orthophenolic OH group of the B-ring 
of rutin. This conclusion is also confirmed by the shift of the 
ν(C–O–H) vibrations by 42 and 45 cm–1 in the spectra of the 
complexes compared to the position of this band in the 
spectra of the pure ligand (1319 cm–1). In addition, the 
appearance of stretching vibrations ν(MO) in the region of 
~590–540 cm–1 indicates the formation of metal 
complexes, since this band is absent in the spectrum of 
rutin. Based on the analysis of IR spectra, it can be assumed 
that in MLC, rutin is coordinated to metal ions as a 
bidentate ligand through the catechin fragment. 
 Glycine is coordinated on the other side of the plane 
with the same metal ion, as indicated by spectral changes 
in the position of stretching asymmetric and symmetric 
vibrations of the NH– group observed in the IR spectrum of 
glycine at 2955 and 2655 cm–1, respectively. In the spectra 
of the complexes, these vibrations are bathochromically 
shifted by ~20 cm–1, which is associated with the 
coordination of glycine ions to the cation through nitrogen 
atoms. The asymmetric ν(COO–) band of free glycine at 
1581 cm–1 is shifted in the complexes towards higher 
wavenumbers (1601 and 1609 cm–1). In addition, the 
symmetric ν(COO–) mode observed for glycine at 1421 cm–1 
is shifted in the MLC IR spectra to the low frequency region 
by ~60 cm–1, which indicates the coordination of the 
carboxyl group of glycine to the metal ion. The spectra of 

the mixed-ligand complexes contain singlet absorption 
bands at 436 (437) cm–1, corresponding to vibrations of the 
M–N bond, which are absent in the spectrum of free 
glycine. 

Investigation of Mixed-ligand Complexes 
of Cu(II), Co(II) with Rutin and Glycine 

by Luminescence Method 
In the electronic absorption spectrum of an aqueous-
ethanolic solution of rutin, there are two absorption bands 
due to intramolecular π→π* transitions: the first band with 
a maximum at 360 nm corresponds to the absorption of the 
cinnamoyl fragment of the molecule, which is associated 
with the conjugate system between ring B and the carbonyl 
fragment of ring C. The second absorption band at 257 nm 
refers to π→π* transitions in ring A of the benzoyl fragment 
(Figure 6). Both bands have sufficiently high molar 
extinction coefficients (Table 3), which indicates the 
effective rutin absorption of light energy. And this 
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Figure 6. UV absorption spectrum of an aqueous-ethanol 
solution of rutin at pH = 7.5. 

Table 3. Basic vibration frequencies (cm–1) and their assignment in the IR spectra of mixed-ligand complexes Cu(II), Co(II) with 
rutin and glycine 

Band assignment Rutin Co(II)-Rut-Gly Cu(II)-Rut-Gly Glycine 

ν(C=O) 1660 s 1664 s 1667 s - 

ν(C–O–C) 1257 s 1240 s 1243 s - 

ν(C=C) 1611 s 1605 s 1600 s - 

ν(C–O–H) 1319 m 1361 m 1364 m - 

νas(C–O)/νs(C–O) 1610/1453 s 1600/1449 s 1596/1450 s - 

νas(COO–) - 1609 s 1601 s 1581 s 

νs(COO–) - 1358 s 1361 s 1421, 1445 s 

νas(NH)/νs(NH) - 2975/2688 b, w 2975/2685 b, w 2955/2655 b, w 

ν(M–O) - 597, 543 w 592, 541 w - 

ν(M–N) - 436 w 437 w - 

ν(OH) 3410 b, s 3432 b, s 3421 b, s 3400 b, s 

b - broad, s - strong, m - medium, w – weak 
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determines its ability to exhibit luminescent properties. 
The excitation and fluorescence spectra of rutin of rutin at 
different pH values shown on Figure 7. As can be seen, rutin 
is not a very strong fluorescent flavonoid, which can be 
associated with the 5-OH group of the ring A, so in case of 
photoexcitation it can take part in the intramolecular 
proton transfer in the excited state to the neighboring 
carbonyl group 4C=O in the first singlet and first triplet 
electron excited states[38]. 
 The spectrum of rutin radiation in ethanol consists of 
two bands: a weak short-wavelength band at 371 nm  
(pH = 7.5) and an intense band at 412 nm (pH = 6). However, 
with increasing pH of the solutions, the luminescence 
intensity of second band decreases significantly and takes 
the form of a structureless band, which may be associated 
with partial oxidation of flavonoid. 
 The excitation spectrum of fluorescence (Figure 7a) 
differs from the corresponding absorption spectrum by 
only 7 nm, which indicates the existence in solutions of only 
one conformer of rutin without changing its structure at 
different pHs. Luminescence is manifested due to 
intraligand π→π* transitions in benzene and cinnamoyl 
fragments of rutin (state S0) and effective singlet-triplet 
intercombination conversion. The energy gap between the 
lowest singlet state S1 and the ground state S0 is 56 nm 

(~18000 cm−1), and the electronic radiative transitions from 
the state S1 are allowed π, πn transitions. The integral 
intensity of short-wave radiation at pH = 6 is 14 times 
greater than long-wave. The first band of radiation belongs 
to the usual fluorescence of the Stokes shift, which does 
not have a large displaced fluorescence during intra-
molecular proton transfer, and the second - to phosphor-
escence.[39] 
 In the case of complex formation with transition 
metal ions (Cu, Co), the relative luminescence intensity of 
rutin decreases (Figure 8, Table 4), and the maximum 
radiation shifts to the long-wavelength region, which 
indicates the formation of complexes. The spectral-
luminescent characteristics of rutin and its complexes are 
influenced by the pH of solutions (Figure 8a): the minimum 
value of λradiation is observed for pH = 6, and the maximum - 
for pH = 7.5 (in the case of MLC) or pH = 10 (in the case of 
MRut), because mixed-ligand complexation shifts the pH to 
a more acidic region. The shift of the maximum of the 
radiation band of the ML complexes in comparison with the 
monoligand complexes at 72 (CoRut → CoRutGly) and 23 
(CuRut → CuRutGly) nm indicates the coordination of 
glycine to the central ion. For all synthesized complexes 
there is a decrease in luminescence intensity (Ilum) 
compared to pure rutin. 
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Figure 7. The excitation spectra (a) and fluorescence spectra (b) of rutin. 

Table 4. Spectral-luminescent characteristics of complexes 

Compound λabsorption / nm ε ∙ 104 / l sm–1∙mol–1 λradiation / nm Iradiation.⋅102 / a.u. 

Rutin 257; 360 2,11 370; 410 635 

CoRut 272; 391 9,87 396 395 

CuRut 272; 412 10,58 520 1,3 

CoRutGly 269; 366 12,11 468 510 

CuRutGly 269; 409 13,14 543 37 
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 Luminescence quenching in binary complexes can be 
associated with the dissipation of excitation energy on OH 
groups of water molecules (solvent), which remain in the 
internal coordination sphere of the cation, and by shielding 
emitting sublevels of the ligand by 3d-metal ions (Figure 9). 
That is, additional intermolecular interactions can occur in 
metal complexes, which affect the fluorescence of organic 
molecules and reduce their emission characteristics. 
 But in the presence of glycinate ions, the lumines-
cence intensity of the complexes increases. It is obvious 
that the bidentate ligand - glycinate ion - is coordinated by 
M(II) ions in the carboxyl and amino groups, which leads to 
the displacement of water molecules (fluorescence 
quencher) from the inner sphere of the monoligand 
complex and reducing the share of non-radiative losses of 
excitation energy. And as a consequence, to increase  
the luminescence intensity. Probably, 3d-metal ions 

stabilize the rutin electronic system, but shield π–π* 
electronic transitions, which are responsible for lumin-
escent radiation. 
 In addition, the increase of the luminescence 
intensity of ML complexes may be due to a small difference 
in the energies of the two ligands, which reduces the 
amount of non-radiative energy losses due to its efficient 
transfer through a small energy gap between levels. 
 

Investigation of Antibacterial Properties 
of Mono- and Mixed-Ligand Complexes 

of 3-d Metals with Rutin. 
Together with the M. G. Kholodny Institute of Botany 
National Academy of Sciences of Ukraine (Department of 
Phytohormonology, Group of senior researcher, Ph.D. 
Babenko L. M.) studies were conducted to detect the 

 

(a) 

 
(b) 

Figure 8. Dependence of the luminescence maximum on pH (a) and change in luminescence intensity (b) for complexes of  
3d-metals with rutin. 
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antibacterial activity of the synthesized complexes of Co(II) 
and Cu(II) on the basis of rutin. Studies have been focused 
on pathological bacteria Escherichia coli (Escherichia coli), 
Klebsiella pneumoniae, Staphylococcus aureus, P. 
aeruginosa as the most rapidly developing resistance of 
microorganisms in modern conditions. The effect of 
solutions of rutin, mono- and mixed-ligand complexes of 
copper(II) and cobalt(II) on strains of the above cultures in 
4 molar concentrations: 1 ×10–3, 1×10–4, 1×10–6, 1×10–8 
was studied. The experiment was performed in accordance 
with the methodology described in the article by M. 
Balouiri et al.[40] 

1. 24 h. culture flush of microorganisms from agar were 
added to LB substratum (Lysogenybroth), which 
contained 10 g of trypton, 5 g yeast extract, 10 g of NaCl, 
15 g of agar, and cultured with constant stirring on a 
shaker for 24 hours at a temperature of 32–36 °C. 

2. The resulting suspension of bacteria was diluted to the 
desired concentration (density 5 × 108 CFU/ml) (CFU - 
colony-forming units) with sterile solutions of the 
studied complex and LB substratum. Bacterial culture in 
LB substratum without the addition of test complexes 
was used as a control. 

3. Test compounds were sown on agar substratum LB on 
sector A of the Petri dish (20 –30 strokes) using a 
platinum loop, 2 mm in diameter, with a capacity of 
0.005 ml. After that, the loop was annealed and made 4 
bar crops from sector A to sector B and similarly from 
sector B to C and C to D. Petri dishes were incubated at 
37 °C for 24 hours, then counted the number of CFU 
grown in different sectors on the surface of the agar 
substratum. The effect of complexes on microorganisms 
was evaluated by the number of CFU on the surface of 
the agar substratum in comparison with the control. 

 The results obtained are given in Table 5 and in 
Figure 10. 
 The results of the study showed that the 
antibacterial effect of solutions of mixed-ligand complexes 
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Figure 9. Luminescence spectra of rutin complexes with 
Cu(II) (λ = 366 nm, T = 293K). 

Table 5. Comparative analysis of antibacterial properties of rutin and its complexes with Cu(II) and Co(II) 

Compound C / mol l–1 St. aureus P. aeruginosa 
Klebsiella 

pneumoniae E. colli 

Rutin 10–3 106 105 107 106 
 10–4 106 105 107 107 
 10–6 107 106 107 106 
 10–8 107 107 108 107 

CoRut 10–3 105 104 106 104 
 10–4 105 105 106 104 
 10–6 106 106 107 106 
 10–8 107 107 107 107 

CuRut 10–3 104 105 106 105 
 10–4 105 105 106 105 
 10–6 107 107 107 106 

 10–8 107 107 108 107 
CoRutGly2 10–3 104 103 106 103 

 10–4 105 104 106 104 
 10–6 106 105 107 105 
 10–8 107 106 107 106 

CuRutGly2 10–3 103 104 105 104 

 10–4 105 105 106 105 
 10–6 106 107 107 106 
 10–8 106 107 107 106 

Control  108 108 108 108 
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significantly exceeds the antibacterial effect of solutions of 
rutin and its complexes with copper(II) and cobalt(II) and is 
for solutions with a molar concentration of 1×10–4 M: from 
1×105 to 1 ×106 CFU depending on bacterial type. At the 
same time, this indicator is on average more than 10 times 
for rutin and its metal complexes, which showes their lower 
antibacterial activity. The greatest antibacterial activity in 
the experimental conditions is shown by solutions with a 
concentration of 1×10–3 M, regardless of the compound. 
The bioactivity of the compounds decreases with 
decreasing concentrations of solutions, but in general there 

is a tendency to increase the antibacterial activity for 
mixed-ligand complexes of rutin. It should be noted that 
copper-containing complexes are more active against 
pathogenic bacteria than cobalt-containing (Figure 10b). 
 

CONCLUSIONS 
Complex formation in biligand equimolar systems Cu(II) / 
Co(II) -glycine-rutin was studied for the first time and it was 
found that mixed-ligand complexes of MII(Gly)2(Rut) 
composition are formed in solutions. It was found that in 

 
(a) 

 
(b) 

Figure 10. Comparative diagrams of the antibacterial activity of rutin and its complexes with Cu(II) (a) and MLC Co and Cu (b). 
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mixed-ligand complexes the coordination of 3-d metal ions 
occurs on the catechol fragment of rutin and carboxyl and 
amino groups of two glycine molecules. 
 The luminescent properties of Co(II) and Cu(II) 
complexes with rutin and glycine were studied for the first 
time. It has been proven that 3-d metal ions quench the 
luminescence of rutin, but in the presence of glycinate-ion 
the luminescence intensity of the complexes increases. 
 It has been shown that both monoligand and mixed-
ligand compounds exhibit high antibacterial activity against 
pathological bacteria Escherichia coli, Klebsiella pneumoniae, 
Staphylococcus aureus, P. Aeruginosa and can be promising 
precursors for the development of new pharmacologically 
acceptable antibacterial agents in the future. 
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