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В последние десятилетия наиболее актуальными стали исследования в области 

химии природных полимеров, а также производных на их основе. Данные соединения 

включают в свой состав катионы металлов, что открывает новые возможности для 

применения этих соединений в химической, пищевой и фармацевтической промышленно-

сти. Развивающимся направлением является определение антипролиферативной актив-

ности полученных соединений и материалов. Эти исследования открывают новые гори-

зонты для разработки селективных препаратов борьбы с делением и развитием атипич-

ных клеток в организмах. Получены родий- и иридийсодержащие пленки на основе при-

родного полимера хитозана, пластифицированные глицерином. В этой работе проведен 

комплексный анализ полученных материалов методами рентгенофазового анализа (РФА), 

рентгеноспектрального анализа (РСА), сканирующей электронной микроскопии (СЭМ), 

также изучены механические характеристики и биологические свойства (антибактери-

альная и антипролиферативная активность) полученных пленок. Равномерное распреде-

ление катионов металлов в полимерной матрице контролировалось рентгеноспектраль-

ным анализом. Результаты рентгенофазового анализа подтверждают незначительное 

изменение структуры получаемых материалов. С помощью СЭМ была охарактеризована 

морфология поверхности металлсодержащих хитозановых пленок. Анализ механических 

свойств пленок показал, что иридийсодержащие образцы характеризуются более высо-

кими показателями предела кратковременной прочности и относительного удлинения до 

разрыва, чем родийсодержащие образцы. Таким образом, можно сделать вывод о том, 

что природа металлоцентра влияет на механические свойства пленок. Иридиевые 

пленки обладают большей антибактериальной активностью, чем соответствующие 

родиевые пленки. Антипролиферативная активность исследуемых образцов обуслов-

лена содержанием родия(III) и иридия(IV) и практически не зависит от природы вводи-

мых катионов металлов. 

Ключевые слова: хитозановые пленки, родий, иридий, механические свойства, антибактериаль-
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Over the last decades, the research in the chemistry of natural polymers as well as deriva-
tives based on them has become most relevant. These compounds include metal cations in their 
composition, which opens up new opportunities for the application of these compounds in the 
chemical, food processing and pharmaceutical industries. A developing area is the determination 
of the antiproliferative activity of the resulting compounds and materials, which provides opportu-
nities for the development of selective anti-cancer drugs. Rhodium- and iridium-containing films 
based on the natural polymer of chitosan plasticized with glycerol have been obtained. In this work, 
a comprehensive analysis of the materials obtained by X-ray phase analysis (XRD), X-ray spectral 
analysis (XRD), scanning electron microscopy (SEM) was carried out, and the mechanical char-
acteristics and biological properties (antibacterial and antiproliferative activity) of the obtained 
films were also studied. An analysis of the mechanical properties of the films showed that iridium-
containing samples are characterized by higher mechanical properties than rhodium-containing 
samples. Thus, we can conclude that the nature of the metal center affects the mechanical proper-
ties of the films. Iridium films have greater antibacterial activity than the corresponding rhodium 
films. The antiproliferative activity of the studied samples is due to the content of rhodium(III) and 
iridium(IV) and is practically independent of the nature of the introduced metal cations. 

Key words: сhitosan films, rhodium, iridium, mechanical properties, antibacterial activity, antiprolifer-
ative activity 

 
 

INTRODUCTION 

Chitosan is biodegradable natural aminopoly-

saccharide. Chitosan is used as matrix for nanoparti-

cles, biodegradable films production, antitumor medi-

cations, etc [1, 2].  

In the past several years complexes of chitosan 

and platinum (II), hybrid platform based on graphene 

oxide/chitosan and xyloglucan are being widely stud-

ied for their effect on the tumоr cells. These com-

pounds have ultra-small sizes, which contribute to the 

deep penetration in the tumor cells, as well as enhance 

the effect of chemotherapeutic agents, therefore reduc-

ing the rate of tumor growth [3, 4].  

The production of films is one of the most per-

spective tendency in the chemistry of chitosan. More-

over, nowadays the interest for this field of science is 

increasing. Depending on their structure and composi-

tion, the films have a wide range of properties. Chi-

tosan films have an impact on psychrotrophic strains 

Pseudomonas fluorescens and Listeria innocua as well 

as on mesophilic strains Escherichia coli and Staphy-

lococcus aureus. Bacterial growth under the chitosan 

discs were surpressed which confirms the strong anti-

microbal effect [5, 6]. 
The group of Chinese scientists [7] produced 

nanocomposite film based on sodium alginate and chi-
tosan with copper oxide (CuO) and zinc oxide (ZnO) 
nanoparticles. In case of nanocomposite films applica-
tion the result of antibacterial researches indicates the 
growth suppression of E. coli and S. Aureus on more 
than 60% in the dark and more than 90% with light ra-
diation. It’s worth mentioning, that these films exhibit 
the excellent mechanical (smoothness, flexibility and 
fragility), barrier and optical (transmission and fluores-
cence) properties. The inclusion of the Ag+- and Co3+- 
based composites in the films led to inactivation of 
more than 99,6% against S. aureus and E. coli within 
10 min. Moreover, nanocomposites are considered 
non-cytotoxic for mammals [8].  

Modern technology makes it possible to test 
new chemicals against different types of pathogens and 
oncogenic cancer cell lines [9, 10]. Chitosan-based 
compounds with the addition of metals not only affect 
bacterial cell growth but also exhibit high antiprolifer-
ative properties [11]. The incorporation of metals into 
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chitosan matrices has been shown to have a general cy-
totoxic effect on cells [12]. 

One of the most interesting and rather promising 

branch of science is the study of the antitumor properties 

of new compounds, as well as their biological compati-

bility with living organisms. In this paper, we have made 

an assumption that chitosan films based on Rh(III) and 

Ir(IV) cations have potential to suppress cellular growth 

and possess a range of biological properties. 

METHODOLOGY  

Preparation films 

The method of casting from a solution in 

which the formation of intermolecular bonds leads to a 

cross- linked three- dimensional structure is the one of 

the most widepread and convinient methods of obtain-

ing chithosan-based food films and cover [13-16]. 

0.4 g of chitosan was dissolved under stirring 

at 70 °С for 30 min in 10 ml of 1% acetic acid. There-

after 0.33 glycerin, 0.1M solution of rhodium(III) chlo-

ride or sodium hexachloroiridate(IV) in volume ratios 

chitosan solution/salt solution 1:1; 1:0.5; 1:0.2; 1:0.1; 

were added to the obtained chitosan solutions. The re-

sulting solutions were poured in Petri dishes, placed in 

dust-free storage for 3-4 days at 20-25 С. After drying 

smooth flexible films with different composition were 

obtained. 

The thickness of the resultant films was 

0.052±0.002 mm (measured by Inforce 06-11-44 Dig-

ital Micrometer 0-25mm/0-1). Moisture percentage of 

the films was 7±0.5% (detected by thermogravimetric 

analysis using T.A.Instruments, SDT Q600 apparatus). 

Antiproliferative activity  

Cucumber C. sativus seeds were placed 50 

pieces at a time in Petri dishes on a layer of water (chi-

tosan – control, the rest according to code numbers – 

experiment) in 3 replicates. Incubation took place at a 

stable temperature of 20-22 °C. The seeds were 

checked daily for germination. Root length was meas-

ured and the number of lateral roots of cucumber was 

counted on the fourth day after germination. In total, at 

least 35 cucumber seedlings from each Petri dish were 

analyzed. Statistical processing was performed using 

standard methods using Microsoft Excel software. Sig-

nificance was accepted at p < 0.05 [17]. 

Methods of analysis 

X-ray phase analysis were conducted on the 

diffractometer DRON-7 with monochromatic CuKα ra-

diation at rate of ¼ deg/min in the range of 5 – 50 

(λCuKα= 1.5405 Å ). The diffractograms were taken in 

discrete mode (∆δ = 0.02°, exposure time τ = 3 s). 

The results of X-ray spectral analysis con-
firmed the individuality of synthesized compounds 

(energy dispersive X-ray fluorescence spectrometer 
CLEVER C-31 (40.0kV, 100.0mA, F: Cu, 0.05mm, 
100 s)). 

SEM images were obtained using a JEOL JSM 
- 6490LV electron microscope (voltage 15 kV, SEM 
detector, electron beam 30, in high vacuum). The 
tested samples were applied to a platinum substrate 
with width of 20 nm (40 s at current of 40 mA) using 
an automatic attachment for applying thin films JEOL 
JFC - 1600. 

The tensile tests were conducted using an au-
tomatic tensile tester (XLW-PC PARAM, China) 
equipped with a 500 N load sensor. The measurements 
were carried out at a deformation rate of 300 mm/min 
at 25 °C. 

The antibacterial activity of the resulting films 
against gram-positive bacteria Staphylococcus aureus 
(RCMB 010027) and gram-negative bacteria Esche-
richia coli (RCMB 010051) were carried out by 
method of disk analysis of the inhibition zone [18]. 
Molten agar (10 ml) was inoculated with 200 µl of bac-
terial culture containing approximately 108 CFU/ml of 
bacteria. The films test discs were placed on bacterial 
lawns. The tablets were incubated at 37 °C for 24 h. 
The diameter of the inhibition zone was measured with 
a caliper. 

RESULTS AND DISCUSSION 

X-ray phase analysis 
The spectrum of the chitosan sample shows 

one main broad reflex of crystalline chitosan at 2θ = 

19.27. After adding glycerol to the initial chitosan and 
obtaining the film, small diffraction peaks at 2θ = 
11.24, 19.18, 20.82 were observed. The investigated 
films based on chitosan and rhodium(III) chloride are 
characterized by broadening and smoothing of the re-
flex (2θ = 19.27) and its shift to the right, which indi-
cates molecular miscibility and interaction between the 
components. 

The films based on chitosan and sodium(IV) 
hexachloroaridate are X-ray amorphous. On the dif-
fractograms of metal-containing samples we can note 
the broadening of the reflex present in the diffracto-
gram of the original chitosan. The appearance of a 
small peak in the region of 2θ = 8.55 is also registered, 
which indicates a slight change in the structure. 

3.2 X-ray spectral analysis 
The radiation intensity of the rhodium tube in 

the idle experiment is 1.78 cu. When conducting anal-
yses on rhodium-containing samples, the intensity of 
peaks increases sharply, which allows us to conclude 
that Rh3+ cations are present in all the obtained films. 

X-ray spectral analysis of samples of chi-

tosan/rhodium(III) and chitosan/iridium(IV) films 
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made it possible to determine the presence of metal and 

chlorine atoms in the film. The results are presented in 

Table 1. 

 
Table 1 

Results of X-ray spectral analysis. Quantitative content 

of metal and chlorine in the studied films 

Таблица 1. Результаты рентген-спектрального ана-

лиза. Количественное содержание металла и хлора в 

исследованных пленках 

Code Element C, % Intensity 

ВХЗGlyRh0,1:1 
Cl 98.89 65.86 

Rh 1.11 11.16 

ВХЗGlyRh0,2:1 
Cl 98.52 124.66 

Rh 1.48 27.92 

ВХЗGlyRh0,5:1 
Cl 95.79 205.42 

Rh 4.21 122.14 

ВХЗGlyRh1:1 
Cl 96.96 338.00 

Rh 3.04 149.56 

ВХЗGlyIr0,1:1 
Cl 79.61 87.20 

Ir 20.39 477.48 

ВХЗGlyIr0,2:1 
Cl 78.62 88.84 

Ir 21.38 518.65 

ВХЗGlyIr0,5:1 
Cl 83.47 291.89 

Ir 16.53 1204.66 

ВХЗGlyIr1:1 
Cl 73.56 209.06 

Ir 26.44 1655.49 

 

According to the results of X-ray fluorescence 

analysis, the intensity of peaks corresponding to 

Rh(III) and Ir(IV) increases with an increase in the 

concentration of metals in the synthesized films.  

The results of X-ray fluorescence analysis con-

firm a uniform distribution of metal ions over the sur-

face of the film. 

Scanning electron microscopy (SEM) 

 

 

Fig. 1. SEM rhodium-containing sample in the volume ratios 

RhCl3 /chitosan 0,1:1 

Рис. 1. Микрофотографии родийсодержащих пленок в объем-

ных соотношениях RhCl3 /chitosan 0.1:1 

 

An example of scanning electron microscopy 

results of Rh-containing films is shown in Fig. 1. Two 

defects in the film structure can be distinguished in the 

synthesised films: holes (pores) and ridges (wavy 

changes in the film structure). It should be noted that 

holes are mostly absent in all rhodium-containing 

films. The highest number of holes is characteristic of 

rhodium-containing samples at RhCl3/chitosan vol-

ume ratios of 0.1:1. Samples with Rh(III)/chitosan vol-

ume ratios of 0.2:1 and 0.5:1 do not contain the de-

scribed defect. Films in 1:1 volume ratios contain in-

significant changes, but the number and size of holes 

is smaller than in the sample in Fig. 1. Thus, a correla-

tion is obtained between the decrease in the number of 

pores in the samples with an increase in Rh(III) con-

centration, except for the sample in volumetric ratios 

of metal/chitosan 1:1. An increase in porosity occurred 

in a series of volume ratios: 0.2:1; 0.5:1; 1:1; 0.1:1. 

Ridges can be observed on all samples of the 

films presented. The sample in Fig. 1 has a pronounced 

lumpy surface where the ridges are large and flat. The 

SEM of the rhodium-containing sample at a RhCl3/chi-

tosan volume ratio of 0.2:1 shows a film with fine and 

sharp ridges. Films with the highest metal concentra-

tions contain a large number of ridges and, although 

they are not planar, have a distinct cliff structure.  

 

 

Fig. 2. SEM iridium-containing sample in the volume ratios 

Na2[IrCl6]/chitosan 0,5:1 

Рис. 2. Микрофотографии иридийсодержащих пленок в объ-

емных соотношениях Na2[IrCl6]/chitosan 0.5:1 

 

Micrographs of the front side of the films 

showed that changing the concentration of the added 

iridium(IV) salt created some porosity in the resulting 

samples. However, no definite pattern of pore for-

mation was detected. As the concentration of iridium 

increased, the number of pores in the obtained films 

also increased. It was recorded that the iridium-con-

taining sample at a Na2[IrCl6]/chitosan volume ratio of 

0.1:1 contained a small number of pores. Doubling the 
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metal concentration resulted in a film with large pores 

unevenly distributed over the surface of the sample; in 

addition, the number of ridges in this film is rather 

small and those ridges that were observed are unstable 

and small compared to the size of the sample. The sam-

ple in Fig. 2 has the highest porosity of all those pre-

sented, and small, precarious volume ridges distributed 

over the entire surface of the sample. The film with a 

Na2[IrCl6]/chitosan volume ratio of 1:1 has neither 

holes nor ridges and is characterised by a smooth sur-

face. An increase in porosity occurred in the series of 

volume ratios: 1:1; 0.1:1; 0.2:1; 0.5:1. 

Mechanical properties of films 
Table 2 

Mechanical properties of films 

Таблица 2. Механические свойства пленок 

Code σb (MPa) εb (%) 

ВХЗGlyRh0,1:1 38.36±1.35 37.12±1.11 

ВХЗGlyRh0,2:1 33.23±1.16 31.10±1.01 

ВХЗGlyRh0,5:1 26.61±1.03 25.14±1.07 

ВХЗGlyRh1:1 20.70±1.10 21.22±1.01 

ВХЗGlyIr0,1:1 45.21±1.55 44.73±1.13 

ВХЗGlyIr0,2:1 42.17±1.14 39.03±1.17 

ВХЗGlyIr0,5:1 36.52±1.21 34.39±1.35 

ВХЗGlyIr1:1 28.43±1.22 28.11±1.12 

ВХЗGly 48.35±1.54 94.12±1.26 

 

Mechanical properties of films were evaluated 

with respect to two parameters: the ultimate tensile 

strength (σb (MPa)) and the relative strain of the film 

before rupture (εb (%)). For the samples investigated, 

both values decrease linearly with increasing metal 

concentration in the film, which may occure due to a 

decrease in polymer (chitosan) concentration in the 

given samples. It’s worth mentioning, that iridium-

containing samples are characterized by higher me-

chanical properties than rhodium-containing samples, 

which indicates the influence of the metal center nature 

on the mechanical properties of the films. 

Antibacterial activity 
Table 3 

Antibackterial activity of films 

Таблица 3. Антибактериальная активность пленок 

Code 
S. aureus E. coli 

Zone of inhibition, mm 

ВХЗGlyRh0,1:1 13.2±0.1 9.1±0.2 

ВХЗGlyRh0,2:1 14.1±0.2 9.4±0.1 

ВХЗGlyRh0,5:1 17.7±0.2 11.3±0.1 

ВХЗGlyRh1:1 20.9±0.2 12.7±0.1 

ВХЗGlyIr0,1:1 14.1±0.1 9.3±0.2 

ВХЗGlyIr0,2:1 18.0±0.3 12.5±0.2 

ВХЗGlyIr0,5:1 21.7 ±0.1 14.8±0.2 

ВХЗGlyIr1:1 25.6±0.2 18.5±0.1 

ВХЗGly 8.7±0.1 7.1±0.1 

Rhodium(III) and iridium(IV) containing films 

has been reported to exhibit antibacterial activity. With 

the increase in the metal concentration the antibacterial 

activity increases naturally. However, the inhibition di-

ameter of iridium(IV)-based films is approximately 1,2 

(Staphylococcus aureus) and 1,3 (Escherichia coli, ex-

ept at 0.01:1 concentration) times larger than that of 

the corresponding rhodium(III)-based film samples. 

Iridium films therefore have greater antibacterial activ-

ity than the corresponding rhodium films. 

Antiproliferative activity 
Table 4 

Antiproliferative activity of films 

Таблица 4. Антипролиферативная активность  

пленок 

Code l, cm n, pcs 

ВХЗGlyRh0,1:1 8.3 15.2 

ВХЗGlyRh0,2:1 6.2 11.0 

ВХЗGlyRh0,5:1 5.0 8.1 

ВХЗGlyRh1:1 3.3 4.2 

ВХЗGlyIr0,1:1 8.0 15.1 

ВХЗGlyIr0,2:1 6.4 11.6 

ВХЗGlyIr0,5:1 5.6 7.8 

ВХЗGlyIr1:1 2.9 5.5 

Control 8.2 15.4 

 

Quantitative measures such as the length of the 

main root l and the number of lateral roots n were in-

vestigated in the experiment. The lower the values 

mentioned, the more effective antiproliferative activity 

of the test sample. As shown in Table 4, the antiprolif-

erative activity of the metal-containing films is clearly 

dependent on the metal concentration and is approxi-

mately the same for both rhodium(III) and iridium(IV). 

The samples with the highest metal concentration 

(ВХЗGlyRh1:1 and ВХЗGlyIr1:1) exhibit the maxi-

mum of antiproliferative activity, which decreases with 

decreasing metal concentration. The samples with the 

lowest metal concentration (ВХЗGlyRh1:0.1 and 

ВХЗGlyIr1:0.1) do not exibit antiproliferative activity, 

because in their case the effect on the main root length 

l and number of lateral roots n is almost the same as 

that for the chitosan film sample without metal. It has 

been proven that the antiproliferative activity of the 

tested samples is determined by the rhodium(III) and 

iridium(IV) concentrations and is not depends on the 

nature of the metal centre. 

CONCLUSION 

Metal:chitosan ratios of 0.2:1 (for rhodi-

um(III)) and 1:1 (for iridium(IV)) produce smooth 

elastic films with improved mechanical properties 

(when glycerine is used as plasticiser). Rhodium(III) 

and iridium(IV)-containing films based on chitosan 
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are characterised by a number of valuable biological 

properties: 

- low toxixity in vitro; 

- high antibacterial activity in vitro; 

- distinct antiproliferative activity in vitro. 

The results of antibacterial activity against 

Staphylococcus aureus and Escherichia coli of copper, 

silver and cobalt-containing films presented in litera-

ture revealed lower effect as compared with rhodium 

and iridium-containing films presented in the current 

study [19-21]. To the best of our knowledge, there are 

not examples in the literature of antiproliferative ac-

tivity studies of chitosan films with other metal cati-

ons. Thus, the elaborated rhodium and iridium-con-

taining antiproliferative films are promising for fur-

ther research in vivo, and this project is underway in 

our group. 
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