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Abstract: The aim of the work is to study the structure of antimicrobial agents metronidazole and levofloxacin and their 
nanocompositions with silver nanoparticles obtained by by electron-ray nanotechnology method, and to demonstrate the necessity of 
x-ray crystalography analysis for developing quality control methods of metal-organic nanomaterials. Structure of antimicrobial 
agents and their nanocompositions was investigated on automatic powder diffractometer STOE STADI P (MoKα-radiation stepping 

removal method, 2 °  2  30 °, step scan −0.02 °, scanning at one point −5-10 c). For identification of nanocompositions the UV 

spectrophotometry metod was used. 
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1. Introduction 

Now the future of effective antimicrobial 

preparations is connected with nanostructured 

materials and nanotechnologies. Results of studies in 

this direction prove that metal nanoparticles, 

particularly silver nanoparticles can enhance the 

action of widely used antibiotics and antifungal 

preparations and prevent antimicrobial resistance that 

is promising for pharmaceutical development of new 

preparations [1-5]. 

In Danylo Halytsky Lviv National Medical 

University are conducted studies considering 

pharmaceutical development of antimicrobial 

preparations in which as active pharmaceutical 

ingredients are used nanocompositions of silver with 

metronidazole and levofloxacine [6].  

Studies connected with pharmaceutical 
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development are inextricably linked with the QCMs 

(quality control methods). Without development of 

QCM for nanostructured materials, including such 

indicators as methods of identification and 

quantitative determination it is impossible to 

investigate the stability of drugs during storage and 

accordingly to designate the shelf life of preparation 

[7]. Therefore, now one of the priorities is to develop 

QCMs of nanostructured substances that will allow 

intensifying research of pharmaceutical development 

based on nanotechnologies.  

Complexity of QCMs development for 

nanostructured materials is connected primarily with 

the fact that nanomaterials including nanometals created 

by different developers using different methods have 

very different structures; they are nanoporous 

structures nanodispersions (colloids), nanostructured 

surfaces, nanocrystals, nanoclusters and others [5]. 
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The aim of the work is to study the structure of 

metal-organic nanomaterials, on example 

antimicrobial substances metronidazole and 

levofloxacin and propose the approaches to 

development of analysis methods.  

2. Materials and Methods 

Silver nanoparticles on the surface of antimicrobial 

agents was applied by electron-ray nanotechnology 

method in “Laboratory of Electron-Ray 

Nanotechnology of Inorganic Materials for Medicine” 

of E.O.Paton Electric Welding Institute NAS of 

Ukraine [8, 9]. 

To study the structure of antimicrobial agents and 

their nanocompositions X-ray crystallography method 

on automatic powder diffractometer STOE STADI P 

(MoKα-radiation, stepping removal method, 2 °  2 

 30 °, step scan –0,02 °, scanning in one point –5-10 

sec) has been used. To identify nanocompositions of 

antimicrobial agents with silver nanoparticles has been 

used UV- spectrophotometry method. 

3. Results and discussion 

The algorithm of metal-organic nanomaterials 

quality control methods development was worked out; 

algorithm primarily includes study of the structure of 

nanomaterials, for example, by X-ray crystallography 

method [10-12]. 

Further selection of quality control methods should 

be based on the results of studies of nanomaterials 

structures. When the diffraction pattern of initial 

substances does not change after applying metal 

nanoparticles can be considered pharmacopoeial 

methods of analysis for the initial substances as 

potential methods for quality control of their 

nanocompositions with silver nanoparticles. If metal 

nanoparticles incorporated into the structure of 

antimicrobial substances it is necessary to develop 

new methods of quality control. For the qualitative 

and quantitative determination of silver nanoparticles 

in organometallic nanomaterials it is need to use 

additional method such as inductively coupled plasma 

atomic emission spectrometry [13]. 

3.1 Comparative Studies of Structure of Antimicrobial 

Agents Metronidazole and Levofloxacin and Their 

Nanocompositions with Silver Nanoparticles 

Adding of different amounts of silver nanoparticles 

to substance metronidazole (metronidazole 

diffractogram is shown in Fig. 1a) does not change the 

diffraction pattern (diffractogram of metronidazole 

with silver nanoparticles in concentrations 0.0034% 

and 0.0178% are shown in Figs. 1b and 1c, 

respectively); this indicates that in structure of the 

original substance metronidazole no changes. 

A similar situation was observed at comparing of 

levofloxacin diffractogram (Fig. 2a) and levofloxacin 

with silver nanoparticles in concentrations 0.00119% 

and 0.00476% (diffractograms on Figs. 2b and 2c, 

respectively). 

The results suggest that silver nanoparticles applied 

on the surface of substances metronidazole and 

levofloxacin by electron-ray nanotechnology method, 

do not change the structure of the starting materials, 

and probably stay on the surface of grains of crystals 

of the substances. This makes it possible to consider 

pharmacopoeial methods of analysis for 

metronidazole and levofloxacin as potential methods 

for the identification and quantitative analysis of their 

compositions with silver nanoparticles. 

3.2 Identification of Metronidazole and Levofloxacin 

and Their Nanocompositions with Silver 

Nanoparticles by UV Spectrometry 

One of the pharmacopoeia methods for 

identification and quantification of metronidazole is 

absorption spectrophotometry in the ultraviolet region. 

Solutions of metronidazole and metronidazole with 

silver nanoparticles were made in accordance with the 

requirements of pharmacopoeia testing and spectra of 

absorption were withdrawn in the range from 230 nm 

to 350 nm. 
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Fig. 1  a. Diffractogram of metronidazole, b. Diffractogram of metronidazole with silver nanoparticles (0.0034%), c. 
Diffractogram of metronidazole with silver nanoparticles (0.0178%).  



Study of Metal-Organic Nanomaterials Structure by X-ray Crystallography Analysis  
as the Basis for the Development of Quality Control Methods 

  

565

 
(a) 

 
(b) 

 
(c) 

Fig. 2  a. Diffractogram of levofloxacin, b. Diffractogram of levofloxacin with silver nanoparticles (0.00119%), c. 
Diffractogram of levofloxacin with silver nanoparticles (0.00476%). 
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Fig. 3 shows the ultraviolet absorption spectra of 

metronidazole and metronidazole with silver 

nanoparticles. 

UV absorption spectra of the testing solutions have 

a maximum at a wavelength 277 nm and a minimum 

at a wavelength 240 nm. 

Pharmacopoeial method for identification and 

quantification of levofloxacin also is absorption 

spectrophotometry in the ultraviolet region. 

Figs. 4a, 8b and 8c, respectively show ultraviolet 

absorption spectra of levofloxacin and levofloxacin 

with different concentrations of silver nanoparticles 

taken in the range from 220 to 310 nm. 

UV absorption spectra of the testing solutions have 

two maxima at a wavelength 293 nm and 226 nm and 

a minimum at a wavelength 263 nm. 
 

 
Fig. 3  UV absorption spectra of metronidazole and metronidazole with different concentrations of silver nanoparticles 
(0.00119% and .00476%).  
 

 
(a) 
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(b) 

 
(c) 

Fig. 4  a. UV absorption spectrum of levofloxacin, b. UV absorption spectrum of levofloxacin with silver nanoparticles 
(0.00119%), c. UV absorption spectrum of levofloxacin with silver nanoparticles (0.00476%). 
 

4. Conclusions 

Invariance of structures of metronidazole and 

levofloxacin after application on their surface silver 

nanoparticles by Electron-Ray Nanotechnology 

method makes it possible to use pharmacopoeial 

methods for quality control of metronidazole and 

levofloxacin and their nanocompositions with silver 

nanoparticles. 

UV absorption spectra of solutions of 

metronidazole and metronidazole with silver 

nanoparticles and respectively solutions of 

levofloxacin and levofloxacin with silver 

nanoparticles have the same maxima and minima of 

absorption that shows the possibility of using 

ultraviolet spectrophotometry for identification and 

quantification both for metronidazole and levofloxacin, 

and their nanocompositions with silver nanoparticles. 

For qualitative and quantitative determination of 

silver nanoparticles in metal-organic nanomaterials 

quality control methods should include additional 

methods, such as inductively coupled plasma atomic 
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emission spectroscopy method. 
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