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A polyamide 6 films if treated with the potassium selenotrithionate, K2SeS2O6, solution in hydrochloric acid, absorbs 

selenium the form of selenotrithionate anion, SeS2O6
2–, and the anions decompose in polymer with time. Further 

interaction of selenized PA films with AgNO3 solution (10 min, 80 °C) leads to the formation of silver selenide layers on 

the polymer surface. The mechanism of formation of silver selenide layers on PA 6 films was proposed. The chemical 

analyzes show that the concentrations of silver and selenium in polyamide 6 film increase when increase the duration of 

polymer seleniumization. The molar ratio of Ag/Se in the layers of silver selenide on polyamide films varied from 

0.57 : 1 to 0.7 : 1. The X-ray diffraction analysis confirmed the formation of silver selenide layers with elemental 

selenium in the surface of polyamide 6. The phases of orthorhombic naumannite – Ag2Se (24–1041) and monoclinic 

selenium – Se8 (71–528) were identified in the formed layers.  
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INTRODUCTION
∗

 

The study of polymer with chalcogenide layers has 
received considerable interest in recent years because of 
their novel properties, which are combinations of those of 
the original inorganic and polymer materials. Polymers 
modified with thin layers of d-metal selenides are ascribed 
to composites. For example: infrared sensors, photolitho-
graphic layer, electrochemical storage cells, electrochemi-
cal potential memory devices, etc. can be activated by 
Ag2Se [1, 2]. Thin film of Ag2Se can be used as a 
promising material for technological application in 
magnetic field sensing devices [3 – 5]. The modification of 
polymers by formation in their surface of thin layers of 
Ag2Se with important physical properties leads to 
obtaining of composites with different properties very 
important up to day technology. 

Polyamide (PA 6) is capable to absorbing ions of 
selenopolythionate from aqueous solutions into PA surface 
matrix [6]. After treating such ions containing polymer 
films with Cu(I−II) salts water solutions CuxSe layers of 
various electrical conductivity and composition can be 
obtained on their surface depending on experimental 
conditions [7, 8]. Similarly, the use of this technology on 
the surface of PA is possible to form silver selenide layers. 

This work was basically inspired by an increasing 
interest in new semiconductor as a material for an 
application in flexible and efficient magnetoresistance thin 
films.  

Our main task was to form the binary silver selenide 
layers on PA 6 surface using as a seleniumization 
precursor the solution of potassium selenotrithionate 
(K2SeS2O6), and to investigate their composition by 
chemical and X-ray diffraction methods, and to propose 
the mechanism of formation of obtained layers.  
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EXPERIMENTAL  

The films of polyamide 6 (specification TY 6-05-
1775-76, grade PK–4) 15 mm × 70 mm in size of 70 μm 
thickness were used. This PA 6 film is close to a non-
porous material, because the pores of PA are much less 
than 1.5 nm [9]. The porosity was measured by a β-method 
using a Quantasorb (Japan). Before the seleniumization, 
the samples of PA 6 were boiled in distilled water for 2 h 
to remove the remainder of the monomer. Then they were 
dried using filter paper and then over CaCl2 for 24 h. 

The PA 6 samples thus prepared were treated in a 
thermostatic vessel using a continually stirred K2SeS2O6 
solution. The 0.05 mol⋅dm–3 solutions of K2SeS2O6 in 
0.1 mol⋅dm–3 HCl at 60 °C were used. At the certain time 
intervals, the samples were removed, rinsed with distilled 
water, dried over CaCl2, and then used in the analysis and 
further experiments. The total duration of experiments was 
4.5 h. 

The salt of potassium selenotrithionate, K2SeS2O6, was 
prepared and chemically analyzed according to procedures 
published in [10]. 

The concentration of selenium and silver in silver 
selenide layers formed on PA 6 films surface were 
determined using the method of atomic absorption 
spectrophotometry [11]. The modified PA 6 films were 
dissolved in concentrated nitric acid. Selenium and silver, 
present in the resulting solution, were determined by the 
atomic absorption spectrometer “Perkin-Elmer 503”; 
wavelength λ = 196 nm and λ = 328.1 nm, diffractive gap 
– 5 (2.0 nm) and 4 (0.7 nm), electrodeless discharge lamp, 
air-acetylene flame. For the standard conditions described 
above, the sensitivity of Se and Ag are about 0.5 μg/ml and 
0.06 μg/ml for 1 % absorption. 

Then the samples of seleniumized PA 6 were treated 
with a 0.4 mol⋅dm–3 concentration of Ag(I) salt solution at 
80 °C for 10 min, the silver selenide layers on polyamide 
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samples were formed. The Ag(I) salt solution was made 
from crystalline AgNO3. After the treatment with the 
solution of Ag(I) salt, the samples of polymers were rinsed 
with distilled water, dried over anhydrous CaCl2 and used 
in further experiments.  

X-ray diffraction analysis the silver selenide layers on 
the polymer surface was performed with a DRON-6 dif-
fractometer provided with a special device for beam limi-
tation at low and medium diffraction angles using graphite-
monochromatized Cu-Kα radiation source (λ = 1.54178 Å) 
under a voltage of 30 kV and a current of 30 mA. The 
XRD patterns were recorded with a step size of 0.05° from 
2θ = 25° to 70°. X-ray diffractograms of modified PA 6 
films were treated using the program “Search Match”, 
“ConvX”, “Xfit” and “Microsoft Office Excel”. 

ANALYSIS AND RESULTS 

The main task of this work was to prove the suitability 
of seleniumized PA 6 films with solution of K2SeS2O6 for 
formation the silver selenide layers on polymer.  

For this the seleniumized PA 6 films were treated with 
Ag(I) salt solution. Changes of a PA 6 films appearance 
after its treatment with the Ag(I) salt solution also indicate 
the formation of silver selenide layers on the surface of a 
polymer. Colour of tapes from colourless, light yellow, 
orange or red transforms into into black, and acquires a 
metallic lustre. 

In order to determine an influence of seleniumization 
duration of the initial solution of K2SeS2O6 the kinetic 
studies of the sorption of selenium into PA 6 from prepared 
solution of potassium selenotrithionate were performed. 

The investigation of sorption kinetics of selenium in 
silver selenide layers when PA 6 films exposed during 
4.5 h in the 0.05 mol⋅dm−3 concentration solution of 
K2SeS2O6 shows that the exposure time increase leads to 
an significant increase of amount of selenium, expressed in 
mg per g of PA, respectively, from 15.1 mg⋅g−1 to  
53.0 mg⋅g−1 − a more than 3.5 − hold increase (Fig. 1).  

The same dependence of the changing the amount of 
silver in Ag

x
Se layers on PA 6 films as in the case of the 

amount the selenium was observed. The PA films exposure 
time increase leads to an significant increase of amount of 
silver, expressed in mg per g of PA, respectively, from 
17.69 mg⋅g−1 to 56.9 mg⋅g−1 − a more than 3.2 − hold 
increase (Fig. 1). 

The molar Ag/Se ratio in silver selenide layers formed 
on PA 6 provides the same information about the compo-
sition of its layers. The molar Ag/Se ratio in the silver 
selenide layers on the polymer surface was calculated from 
amounts of Ag and Se measured in the PA 6 samples. It 
was found that the Ag/Se ratio (Fig. 1) increases with the 
time of initial polymer seleniumization and the 
stoichiometric composition varies from Ag0.57Se to 
Ag0.7Se. The compositions of silver selenide with 2/1 of 
molar Ag/Se ratio only are known [12, 13]. Therefore we 
can expect the elemental Se is contained in the composi-
tion of the silver selenide layers formed on PA 6 samples. 

X-ray diffraction analysis gives more accurate 
identification of silver selenides formed on the surface of 
PA 6 films. Structural studies of the silver selenide layers 
deposited by sorption-diffusion method are limited by 

polycrystallinity of layers obtained, as well as by the 
existence of silver selenide phases with various composi-
tions and structures, and by the crystallinity of the PA film 
itself. The intensities of its maximum at 2θ < 25° exceeds 
intensity of silver selenide maximum few times. Therefore 
the area of 2θ ≥ 25.0° was investigated more detail.  
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Fig. 1. Changes of the silver (mAg) and the selenium (mSe) 

amounts silver selenide layers on PA 6 samples with time 

during polymer treatment with the solution of K2SeS2O6 
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Fig. 2. X-ray diffraction patterns the layers of silver selenide 

formed on the PA 6 samples (peaks of monoclinic 

selenium – Se8 (71–528) and orthorhombic naumannite – 

Ag2Se (24–1041)). The PA 6 samples were seleniumized 

0.5; 1.5; 3.5 and 4.5 h 

The fact, that the formation of silver selenide layers 
takes place by keeping seleniumized PA 6 samples in the 
solution of Ag(I) salts and the elemental Se was contained 
in the composition of its layers, were confirmed by the  
X-ray diffraction analysis of the silver selenide layers 
(Fig. 2 and Table 1). The phases of the orthorhombic 
naumannite – Ag2Se (24–1041) [14] and the monoclinic 
selenium – Se8 (71–528) [15] (Fig. 2) were determined by 
the X-ray diffraction analysis in the silver selenide layers 
on PA 6 samples surface. When the duration of seleniumi-
zation the polymer films prolonged the intensity of this 
phases increases. The number of this phases increases too.  
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The mechanism of formation of silver selenide 

layers on PA 6 

In the work [6] was stated that sorbed-diffused anions 
of SeS2O6

2− decomposed with time. It is known [16] that 
SeS2O6

2– ions decomposition includes the transformations: 
SeS2O6

2− + H2O → SeSO3

2– + 2H+ + SO4

2– ; (1) 
SeS2O6

2− + SeSO3

2– → Se2S2O6

2– + SO3

2– ; (2) 
SeS2O6

2− → Se↓ + SO2 + SO4

2–-. (3) 
Higher selenopolythionates react with the Ag+ ions 

with the liberation of black Ag2Se precipitate. Authors of 
the work [17] stated that the selenopolythionates of the 
type Se

n
S2O6

2– react with the Ag+ ions quantitatively 
according the equation: 
Se

n
S2O6

2– + 2nAg+ + 2H2O → nAg2Se + 2H2SO4. (4) 
It is believable that silver selenides can be formed in 

the reactions of SeS2O6

2– anions and its intermediate 
decomposition product – the Se2S2O6

2– and SeSO3

2– anions 
with Ag+ ions. Meanwhile the interaction of Ag(I) with 
SeS2O6

2–, SeSO3

2– and Se2S2O6

2– ions can be expressed by 
the following equations: 
SeS2O6

2– + 2Ag+ + 2H2O → Ag2Se + 2H2SO4; (5) 
SeSO3

2– + 2Ag+  → Ag2Se + SO3

2– ; (6) 
Se2S2O6

2– + 2Ag+ + 2H2O → Ag2Se + Se + 2H2SO4. (7) 
Thus, the layer of silver selenide on the PA sample’s 

surface formes during the interaction of selenized polymer with 
the Ag+ ions. The anionic particles containing selenium atoms 
of low oxidation state react with the silver ions resulting in the 
formation of silver selenides. Black silver selenide and the 
elemental Se remained in polymer and sulphur containing 
particles were washed out from PA 6 samples.  

The data obtained from X-ray diffraction studies 
corroborate the results of chemical analysis of silver se-
lenide layers studies. The low molar ratio of Ag/Se (0.57 –
0.7) in the layers of silver selenide is explained by the 
equation (3) and (7), when the separated elemental 
selenium was remained in the layer of silver selenide. 

CONCLUSIONS 

1. When the polyamide 6 films seleniumized in  
0.05 mol⋅dm−3 acidified (HCl, c = 0.1 mol⋅dm−3) solutions 
of K2SeS2O6 up to 4.5 h and then is treated by the  
0.4 mol⋅dm−3AgNO3 salt solution 10 min at 80 °C, silver 
selenide layers are formed on its surface.  

2. The amounts of silver and selenium in the layers of 
silver selenide on polyamide 6 samples increases with the 
increase of duration of polymer seleniumization. The 
molar ratio of Ag/Se in the layers of silver selenide 
increase with the increase of polymer selenization time and 
varies between 0.57 – 0.7. 

3. Results of X-ray diffraction analysis of the surface 
of PA 6 samples after its seleniumization and treatment 
with solution of AgNO3 confirmed the formation layer of 
silver selenides, which are composed of orthorhombic 
naumannite – Ag2Se (24–1041) and monoclinic selenium – 
Se8 (71–528). 

4. The layers of silver selenide with the elemental 
selenium on polyamide 6 samples were formed by via 
heterogeneous chemical reactions among the sorbed-di-
fused selenotrithionate anion (SeSO3

2–), its decomposition 
products (SeSO3

2–, Se2S2O6

2–) and Ag+ ions. 
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