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The comparison of structural and substructural characteristics of pure zinc sulfide and biopolymer based 

on ZnS composite with alginate was held by scanning electron microscopy, diffraction and X-ray fluorescence 

spectrometry. Films and nanostructures of zinc sulfide were obtained by chemical bath deposition from an 

aqueous solution of zinc nitrate, sodium alginate and thiourea at 90 C and synthesis time of 30-120 min. 

It is established that condensate growth occurs through the formation of zinc sulfide nanodots followed 

by merging the gaps between nanograins by alginate particles. As a result of the calculation of pole density 

and factor orientation it is confirmed the existence of axial texture [111] in both pure ZnS films and nano-

composites. It is shown that the lattice constants of the condensates of pure ZnS vary in the range of 

a  0.53266-0.54419 nm, while the lattice parameters of alginate consisting ZnS polymer nanocomposites 

are in the range of a  0.53490-0.56261 nm and inextricably dependent on time of synthesis layers. 

It is established that the average size of coherent scattering domains (CSD) of films of pure ZnS in the 

crystallographic direction [111] is weekly changed during the deposition time (L(111)  14-29 nm). For ZnS 

composed of polymer nanocomposite, CSD sizes vary in the range of L(111)  21-38 nm that is larger than for 

pure ZnS. 
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1. INTRODUCTION 
 

Biomaterials based on polymer nanocomposites are of 
increased scientific interest associated with the possibil-

ity of their use in medicine, cosmetology, and electronic 

engineering. Biopolymers, such as chitosan, collagen, 
alginate, have the following advantages over synthetic 

polymer nanocomposites: accessibility, low cost, harm-

lessness for the environment, etc. [1-4]. Dispersion na-

noparticles of metals and semiconductors incorporated 
into a polymer matrix improve the basic properties of a 

polymer, such as mechanical strength, stability, leads to 

the increase in its surface area. 
Sodium alginate (Alg) is a natural biopolymer, non-

toxic, biologically compatible and capable of biological 

resorption. This polysaccharide is a salt of alginic acid. 

From the chemical point of view, it consists of residues of 

-D-mannuronic and -L-guluronic acids. Salts of algi-

nate acid are good enterosorbents, which bind and re-

move radionuclides and heavy metals from the body and 
also accelerate wound healing process. Moreover, alginic 

acid and its salts reduce the blood cholesterol level. Com-

pounds with alginates on direct contact do not cause ir-
ritation of the skin and mucous membranes, and do not 

have allergenic properties; therefore, they are widely used 

in medicine and cosmetology [5, 6]. 
Zinc sulfide nanoparticles have attracted a great at-

tention of researchers due to the prospect of application 

in optoelectronics [7], catalysis and molecular recognition 

systems [8], possibility of use of their luminescent and 
fluorescent properties [9, 10]. We should note that mate-

rials based on ZnS have good biocompatibility; compo-

sites are characterized by high ultimate strength, mecha-
nical hardness and chemical inertness that makes them 

indispensable for solving various problems in a rather 

severe environment [11]. However, despite of numerous 
prospects of application of semiconductor nanomaterials, 

impact of these materials on the environment and human 

health remains unclear. 
In order to obtain the nanoparticles, including those 

based on multicomponent semiconductors, the method of 

chemical bath deposition from an aqueous solution, which 
is characterized by its simplicity and efficiency [12-17], 

is a promising one. Currently, this method becomes the 

most common way to produce stable and biocompatible 
composites [18], since it realizes the chemical joining of 

an organic-active substance to the surface of the nano-

crystal during synthesis. 

Composites based on zinc sulfide and sodium alginate 
nanoparticles are studied insufficiently; therefore, this 
conditioned the aim and objectives of the investigation, 

namely, the study of the effect of the chemical reaction 
duration on the structural and substructural character-
istics of the obtained condensates compared with pure 

ZnS films. The importance of research is conditioned by 
the fact that high adsorption ability with respect to diffe-
rent microorganisms is typical for such composites [19]. 

 
2. EXPERIMENTAL DETAILS 

 

Zinc sulfide films and nanostructures were obtained 
on pre-cleaned glass substrates by chemical bath depo-

sition from an aqueous solution [20]. At that, mixture 

of zinc nitrate and thiourea was used as the precursor. 

Ammonia was added to the initial solution to increase 
the pH level. The chemical reactor temperature during 

synthesis maintained at the level of 90 C. Solution of 

sodium alginate was added to the obtained mixture to 
form the composite of zinc sulfide and alginate. To study 

the effect of the synthesis time on the structural charac-

teristics of the obtained condensates, duration of their 
deposition varied in the range from 30 to 120 minutes. 

Microelement composition of the samples was deter-

mined using the X-ray fluorescent spectrometer “ElvaX 

Light SDD” (Kiev, Ukraine). The spectrometer allows 

to define the content of elements in the range from Na 
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(Z  11) to U (Z  92), since has the beryllium window 

of the thickness of 140 m. X-ray tube with a rhodium 

anode is the primary radiation source; anode cooling is 

performed by the Peltier elements. Resolution of the X-

ray detector is equal to 165 eV at 5.9 keV (Mn-Kα line). 

Processing of the obtained energy spectra was carried out 

in the experimental support system ElvaX. Elemental 

analysis of the ZnS- and alginate-based composites was 

performed by the standard technique [21]. 

Structural studies of the obtained films were carried 

out on the automated X-ray diffractometer DRON 4-07 in 

Ni-filtered Kα-radiation of the copper anode. Measure-

ments were performed in the range of angles 2θ from 10 

to 60, where 2θ is the Bragg angle. Bragg-Brentano fo-

cusing of the X-ray radiation was used in the study [22]. 

Phase analysis was carried out by comparison of the in-

terplanar spacings and relative intensity from the stu-

died samples and standard by the JCPDS data [23]. 
Films texture was estimated by the Harris method, 

which is especially convenient in the study of planar 
samples with the texture axis oriented along the normal 
to their surface [22, 24]. The pole density was calculated 

by the formula Pi  (Ii/I0i)/(1/N) 1 0
N
i i iI I , where Ii, I0i 

are the integral intensities of the i-th diffraction peak 
for the film sample and standard, respectively; N is the 
number of lines presented on the X-ray pattern. 

Thereafter, we plotted the dependences Pi – (hkl)i and 
Pi – φ, where φ is the angle between the texture axis and 
the normal to different crystallographic planes, to which 

reflections on the diffraction patterns correspond; (hkl) 
are the Miller indices. This angle was calculated for the 
cubic lattice using expressions given in [24]. The texture 

axis has those indices, to which the maximum value of Pi 
corresponds. In this case, the orientation factor for the 
corresponding direction can be calculated from the exp-

ression  
2

1 1N
i if P N  . 

Calculation of the lattice constant a was performed by 

the position of the K1-component of all the most intense 
lines, which were present on the diffraction patterns from 
the material using the following relations true for the 
cubic phase [24]: 

 

  2 2 2

2sin
a h k l




   ,  

 

 
 

Fig. 1 – Images of the surface of ZnS films with alginate at the 

deposition duration of   60 min (a, b) and 120 min (c, d) 

where  is the X-ray radiation length; h, k, l are the 

Miller indices. 

Further, in order to obtain the precision values of the 
lattice constant of the compound, the Nielson-Reilly ex-
trapolation method was used. At that, the dependences 

a(c) – 1/2cos2(1/sin + 1/) were plotted. Linear approxi-
mation of the obtained points was carried out using the 
least square method. 

The Scherrer relation was used in order to determine 

the average size of the coherent-scattering regions (CSR) 

L in the films [22, 24]: L  K/cos, where K is the coef-

ficient dependent on the grain shape (K  0.94);  is the 
physical expansion of the diffraction lines. 

 

3. EXPERIMENTAL 
 

3.1 Morphological properties of ZnS polymer 

nanocomposites with alginate 
 

The electron-microscopic images of the surface of ZnS 
composite with alginate obtained at different deposition 

durations are illustrated in Fig. 1. 
As seen from Fig. 1, growth of the condensate occurs 

by the formation of zinc sulfide nanodots followed by mer-

ging the gaps between nanograins by alginate particles. 
Increase in the deposition time to 120 min leads to the 
formation of a continuous film and further building-up of 

the next composite layer. Growth features of the films 
of pure ZnS obtained by vacuum and chemical methods 
are studied in our works [25-27]. 

The typical characteristic spectra from the film sam-
ples are represented in Fig. 2. It is established that in 
the samples, the deposition time of which was equal to 

75 minutes, only a part of the material volume gives 
the contribution to the observed fluorescence strength. 

For thinner samples (  30 min), fluorescence strength 

dropped with decreasing sample thickness. Results of the 
X-ray fluorescence analysis indicate the presence of zinc 
sulfide particles in the studied composite. Fluorescence 

peaks from the elements which belong to sodium alginate 
or glass (Na, K, Mg, Al, Si, etc.) [28] were also present 
in the obtained spectra besides the lines corresponding to 

zinc and sulfur. 
Unfortunately, it is impossible to separate the cont-

ribution to the total spectra from biopolymer and glass. 

Lines from ruthenium (Ru) and rhodium (Rh), which are 
the background spectrum of the device, are also observed 
in the spectrograms. 

 

 
 

Fig 2 – Characteristic X-ray spectra in the region of light (a) and 

heavy (b) elements from polymer ZnS + Alg nanocomposites at 

the deposition duration 30 min 
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3.2 Structural characteristics of the films 
 

The diffraction patterns from zinc sulfide films and 

ZnS polymer nanocomposites with alginate obtained at 

different deposition durations are shown in Fig. 3a, b. 

As a rule, reflections from the crystallographic planes 

(111), (220), (311) of the cubic phase (sphalerite) at the 

diffraction angles of 29.36 – 29.56, 48.32 – 48.62 and 

57.12 – 57.22 were detected in the diffraction patterns 

[23]. In zinc sulfide films with alginate these peaks were 

shifted with respect to the position typical for ZnS layers 

without alginate that, to our opinion, is the result of the 

presence of alginate in the condensates and indicates the 

presence of stresses in the films and change in the lattice 

constant of the material. Reflection from the plane (111) 

was dominant by intensity in diffraction patterns that im-

plies the presence of the growth texture [111] in the films. 
 

 
 

 
 

Fig. 3 – Diffraction patterns from pure ZnS films (a) and ZnS 

polymer nanocomposites with alginate (b) deposited at different 

deposition durations , min: 2 – 30, 3 – 45, 4 – 60, 5 – 90, 6 – 120 
 

Moreover, peaks at angles of 12.23, 21.18, 24.99, 

39.31, 43.04 and 47.04, which we have identified as ref-

lections from the planes (001), (110), (002), (– 301), (122), 

(– 411) of the hexagonal phase of Zn4SO4(OH)6 [39-690] 

compound [23] were present in a number of diffraction 

patterns from both ZnS films and ZnS polymer nanocom-

posites with alginate. This can be caused by the inter-

action of the incoming precursors with each other and em-

bedding of the residual products into films during their 

synthesis. As the literature analysis has shown, further 

annealing of the condensates leads to the decomposition 

of the given compound [29]. 

As a result of the calculation of the pole density and 

orientation factor of pure ZnS films and ZnS layers with 

alginate, the existence of the axial texture [111] has been 

confirmed (Fig. 4). Such growth texture is typical, when 

producing ZnS films by vacuum and chemical deposition. 

For example, a similar growth texture was observed in 

the works [27, 30]. 

Dependence of the orientation factor on the deposition 

duration is shown at the inset of Fig. 4. As seen from 

the figure, texture perfection of pure ZnS films is imp-

roved (f  1.45-1.79) with increasing deposition time and, 

correspondingly, condensate thickness. Moreover, growth 

texture perfection of ZnS polymer nanocomposites with 

alginate becomes slightly worse (f  2.05-1.71) with inc-

reasing deposition time and, correspondingly, film thick-

ness. This fact is explained by the growth features of the 

condensates in the presence of alginate. 
 

 
 

 
 

Fig. 4 – Dependence of the pole density Pi on the angle φ bet-

ween the texture axis and the normal to the reflecting plane for 

ZnS films (a) and ZnS polymer nanocomposites with alginate (b) 

obtained at , min: 30 (1), 45 (2), 60 (3), 90 (4), 120 (5). On the 

inset: dependence of the orientation factor f on the time τ of the 

layer synthesis 
 

Moreover, it is established that pure zinc sulfide films 
have a less perfect growth texture compared with ZnS 
films with alginate at the initial growth stages that is 

confirmed by the calculated values of the orientation fac-
tor for both cases (see the insets in Fig. 4a, b). From our 
point of view, this is explained by the fact that pure zinc 

sulfide films under the same production conditions were 
thinner and less uniform in area compared with ZnS con-
densates with alginate. We should also note that addition 

of alginate improved adhesion of the films to the glass 
substrate surface. Such features are probably associated 
with the fact that alginate molecules encapsulate zinc 

sulfide particles changing the state of their surface. 

The results of determination of the lattice parameters 

of synthesized ZnS condensates and ZnS polymer nano-

composites with alginate depending on the duration of 

film deposition are represented in Fig. 5 and Table 1.
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Table 1 – Structural and substructural characteristics of the obtained condensates 
 

ZnS ZnS + Alginate 

τ, min а, nm V1027, nm3 L(111), nm L(220), nm а, nm V1027, nm3 L(111), nm L(220), nm 

30 0.54419 0.1612 21.5 56.3 0.53490 0.1530 28.7 30.0 

45 0.53602 0.1540 20.6 23.8 0.55252 0.1687 37.7 40.8 

60 0.53266 0.1511 17.2 49.4 0.54261 0.1598 24.5 25.8 

90 0.53845 0.1561 28.9 26.2 0.56261 0.1781 20.9 12.5 

120 0.53758 0.1554 13.8 75.0 0.54281 0.1599 20.3 29.3 

[23] 0.54060 0.1574 – – – – – – 
 

 
 

 
 

Fig. 4 – Dependence of the pole density Pi on the angle φ bet-

ween the texture axis and the normal to the reflecting plane for 

ZnS films (a) and ZnS polymer nanocomposites with alginate (b) 

obtained at , min: 30 (1), 45 (2), 60 (3), 90 (4), 120 (5). On the 

inset: dependence of the orientation factor f on the time τ of the 

layer synthesis 
 

Dotted line in the figure denotes the values of the lattice 

constant of the material given in the reference book for 

zinc sulfide monocrystals [23]. 

The calculations have shown that the values of the 

lattice constants of condensates of pure ZnS varied in the 

range of a  0.53266-0.54419 nm. These values slightly 

differed from the reference ones (а  0.5406 nm) at short 

deposition duration (τ  30-60 min) and approached them 

(а  0.54419 nm) with increasing chemical reaction time 

(τ  120 min). 

It is seen from Fig. 5 that the lattice constant of ZnS 

layers, being a part of the polymer nanocomposite with 

alginate, substantially differs from the reference data for 

the bulk material varying in the range of а  0.53490-

0.56261 nm. Obviously, this effect is conditioned by the 

presence of alginate macromolecules in the condensate. 

With increasing deposition time, the values of the lattice 

constant of the material (а  0.56261 nm) begin to signi-

ficantly exceed the reference values. 

Calculation of the volume of the ZnS cubic cell in the 
obtained films was performed based on the measurement 
results of the crystal lattice constants of a two-component 

compound (Fig. 5). The calculations indicate that the va-
lues of the crystal lattice volume decrease with chemical 
reaction (V  0.16110 – 27 m3-0.15510 – 27 m3). It is es-

tablished that in the ZnS polymer nanocomposites with 
alginate, the increase in the layer deposition time from 
  30 min to   90 min leads to the increase in the 

crystal lattice volume of the material from the value of 
V  0.15010 – 27 m3 to V  0.17810 – 27 m3; and further 

increase in the chemical reaction duration leads to some 
decrease in this volume to V  0.16010 – 27 m3 and, cor-

respondingly, approximation of the obtained values to 

the reference ones (V  0.157∙10 – 27 m3). 

 

3.3 Substructural properties of the condensates 
 

Calculation results of the CSR sizes in the directions 
perpendicular to the crystallographic planes (111) and 
(220) are presented in Table 1. As seen from the table, 
the average CSR sizes of the pure ZnS films in the [111] 
direction is weakly changed in the whole range of the 

studied deposition time (L(111)  14-29 nm). For the ZnS, 
being a part of the polymer nanocomposite with alginate, 
it is established that the CSR sizes are in the range of 

L(111)  21-38 nm. As seen from Table 1, increase in the 
time of the film deposition leads, firstly, to the signifi-

cant increase in the CSR sizes from L(111)  28.7 nm to 

L(111)  37.7 nm, however, with further deposition of the 
condensates (120 min), their decrease to 20.3 nm takes 
place. The maximum value of the CSR size is observed in 
the layers obtained at the deposition time of τ  45 min 

(L(111)  37.7 nm). On average, the CSR size in the [111] 
direction in ZnS, being a part of the polymer nanocom-
posite with alginate, was larger than in pure ZnS. The 
authors of [31] obtained similar values of the CSR sizes 

L(111)  22-53 nm for the condensates produced by the 
magnetron sputtering method using the Scherrer formula. 
The influence of the deposition time on the CSR sizes in 
the direction [220] in the films of pure ZnS and the com-
pound, being a part of the polymer nanocomposite, can 
be traced in Table 1. 

The previous studies of the bactericidal activity of the 
zinc sulfide samples with alginate relative to the tested 
strains of microorganisms (Peptostreptococcusanaerobius, 
Streptococcuspyogenes, Bacteroidesfragilis) indicate their 
antimicrobial action against all gram-positive and gram-
negative test cultures. 

 

4. CONCLUSIONS 
 

1. The comparative analysis of the structural and sub-

structural characteristics of the pure zinc sulfide films 
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and a biopolymer based on ZnS composite with alginate 

obtained by the chemical bath deposition from an aqueous 

solution of zinc nitrate, thiourea and sodium alginate at 

the temperature of 90 C and different synthesis times 

has been performed. 
2. It is established that the condensate growth occurs 

through the formation of zinc sulfide nanodots followed 
by merging the gaps between grains by alginate particles. 

Increase in the deposition time up to 120 min leads to 
the formation of a continuous film and further building 
up of the next composite layer. 

3. Existence of the axial texture [111] in pure ZnS 
films and ZnS films with alginate was confirmed by the 
calculation results of the pole density orientation factor. 

It is established that texture perfection of ZnS films is 

improved (f  1.45-1.79) with increasing deposition time, 
while the growth texture perfection of ZnS polymer na-

nocomposites with alginate becomes worth in this case 

(f  2.05-1.71). Zinc sulfide film at the initial growth sta-
ges have less perfect growth texture compared with ZnS 
films with alginate. 

4. It is shown that the values of the lattice constants 
of the pure ZnS condensates were changed in the range 

of а  0.53266-0.54419 nm. These values slightly differed 

from the reference values (а  0.5406 nm) at short dep-

osition time (τ  30-60 min) and approached the refer

ence ones (а  0.54419 nm) with increasing time of the 

chemical reaction (τ  120 min). The lattice constant of 
ZnS layers, being a part of the polymer nanocomposite 
with alginate, significantly differs from the reference 

data for a bulk sample and is changed in the range of 

а  0.53490-0.56261 nm and inextricably dependent on 
the synthesis  time. 

5. It is established that the average CSR sizes for pure 

ZnS films in the direction [111] are weakly changed in 

the whole range of the investigated deposition time of the 

films (L(111)  14-29 nm). For the ZnS, being a part of the 

polymer nanocomposite with alginate, CSR sizes belong 

to the range of L(111)  21-38 nm. On average, CSR size 

in the direction [111] in the ZnS, being a part of the 

polymer nanocomposite with alginate, was larger than 

in pure zinc sulfide. 
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