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 : ,   , , ,  , 
  .

 :  . .,  . .,  . .,  . .,  . .,  . . 
     PbCuBiS3.     . 2020;22(2): 

182–189. DOI: https://doi.org/10.17308/kcmf.2020.22/2821

    

    Creative Commons Attribution 4.0 License. 

1. * 
   -

,   -
 ,   

      
 .    
      -

  .

  , e-mail: azxim@mail.ru 

      -
    

    A2B3. -
-     

      -
  .   A2B3 
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   [1–7] 

 PbCuBiS3    
       -

    :  = 1.1632, 
b = 1.166, c = 0.401 , .  Pnma, Z = 4 
[8–18].     -

 K2CuCl2  . [3]    
 PbCuSbS3   PbCuAsS3. 

   Pb  Bi   -
   .    

Bi2S3    Bi+3  Pb+2 -
    Cu+  -
  ,    -
  ,   .

     -
       0.284 
 0.298      , -

  0.324 ,   -
,   , . 1. 

   
    , 
    -

,     -
     -

 ,      
 [19].      

     -
 ,    -

 Bi  Pb    
 Cu    -

 Cu + Pb + Bi [8,9].    -
     [9], -

       
  :  Bi4S6, 

 CuPbBi3S6  .
 ,    

   Cu2S:PbS   -
 –     1:2,  -

    
Cu2Pb3Bi8(S, Se)16   1:3,  -

     -
 .    -

    -
   Pb-  Bi- ,  

       
 .     -

   Pb  Bi  -
 .   Cu -

    
 ,  Cu-S -

 232  (3S)  252  (1S) [13, 17].
  [20, 25]   

  -    

     -
  PbCuSbS3.

   –    
   PbCuBiS3.

2.   
  PbCuBiS3  -

    CuBiS2–PbS -
  Cu2S-Bi2S3–PbS.  
  CuBiS2–PbS    -

 Cu3BiS3–PbCuBiS3, CuBi3S5–PbCuBiS3, Cu2S–
PbCuBiS3, PbBi2S4–PbCuBiS3, PbBi4S7–PbCuBiS3  
Bi2S3–PbCuBiS3.     
Cu2S–Bi2S3–PbS   . 2. 

    -
 -     

 (CuBiS2, PbS, CuBi2S4  .), -
      

(Cu – 99.997 %, Pb – 99.994 . %, Bi – 99.999 . 
%, S – 99.9999 . %).   

 1250–1325 .    -
     7–8 , -

      600  
   [26].   , 

  ,    
   600–800     -

       -
   , . 1. 

   -
 -  : -

      
-73 (   10 °/ ,  Al2O3, 

 –  ); -
    

D-2  PILSENER   (CuKa- , 
Ni- );   -

. 1.    
  PbCuBiS3 [1]    
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 1.  -     CuSbS2–PbS

, 
. % PbS

 ,  
(  ·107 ) , / 3  

0,0 – 780 2200 7.40 CuBiS2 
( )

5,0 715 765 2250 7.38 a
10 650 730 2300 7.32 a+b
15 650 690 2300 7.30 a+b
20 650 700 7.28 a+b
25 650 765 – 7.28 a+b
30 650 830 1980 7.26 a+b
40 650 925 1980 7.24 a+b
45 – 970 1970 7.22 b
50 – 980 1980 7.20 b
52 – 970 1990 – b
55 815 930 1990 – b + PbS
60 810 865 – 7.12 b+ PbS
65 815 – 7.06 b+ PbS
70 815 920 720 6.90 b+ PbS
80 815 1070 720 6.82 b+ PbS
90 815 1240 720 6.70 b+ PbS

100 – 1400 720 6.11 PbS 
( )

   -3 (  
 0.02 ),   -

   -7,  -
  . 

3.    
     

CuSbS2-PbS,     -
 PbCuBiS3.

. 2.     PbS–Cu2S–Bi2S3.     
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   . 1,  -
,     Pb-

CuBiS3,     50 . % PbS -
,     -
.  ,    -

 PbCuBiS3   . 
     -

 ,  PbCuBiS3   -
 ,   -

  (650 )  10 . %, 
      -

,   7 . % PbS  300 .
  ,    -

 0–7  45–52 . % PbS,   -
.

  -  -
     

 CuBiS2–PbS,   . 3.  -
  ,   -

  PbCuBiS3,   980 
 .   -

: 20 . % PbS 650 ,  65 . % PbS 815 . 
 ,     0–

7 . % PbS   -
  ,   CuBiS2.  

    -
,     PbS -
   (  = 0.614÷0.620, 

b = 0.391÷0.395,  = 1.493÷1.502 , . -
 Pnma, Z = 4).

   7÷45 . % PbS 
  a-  -

   CuBiS2  b-    
   PbCuBiS3,   -

  52÷100 . % PbS -
    (b+PbS).  

50 . % PbS    
      

 .   
  PbCuBiS3,   -
     

  . 2. 
   -

   CuBiS2– PbS  -
 PbCuBiS3,     

  . ,  -
    -

     
 = 1.1632, b = 1.166,  = 0.4017 , . -

 Pnma, Z = 4.
 Bi2S3 – PbCuBiS3   -

 .   , -
   -

,  50 . % Bi2S3  800 . -

   Bi2S3  5 . %,   
 PbCuBiS3 – 7 . %, . 4 . 

 Cu2S – PbCuBiS3  -
       -

     
, . 4 .    

    a-, b-  g-Cu2S -
      .  -

 ,  7  8 . % 
 PbCuBiS3,      

 ,    -
        g-

Cu2S.     .  -
,   2  5.5 . %  PbCuBiS3, 
      

,   .   
Cu2S–PbCuBiS3     2.0–
90 . % PbCuBiS3   -

     : a- -
    Cu2S  b-   

  PbCuBiS3,    
       -

 40 . % Cu2S   = 850 .   -
    

      -
     

PbCuBiS3    Cu2S.   
a- Cu2S   , -

  300   2 . % PbCuBiS3.
  a-Cu2S  b-Cu2S  g-Cu2S 

      

. 3.    CuBiS2–PbS
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 2.      CuBiS2, PbCuBiS3  PbS  

CuBiS2 PbCuBiS3 PbS

d ., Å I/I0 d ., Å I/I0 hkl d ., Å I/I0

4.700 8 4.070 4 220 3.790 2
3.200 10 3.770 1 011 3.442 9
3.100 8 3.670 10 130 3.283 3
3.020 10 3.580 7 111, 310 2.965 10
2.810 2 3.180 9 121 2.311 2
2.340 9 2.880 8 040, 221 2.693 10
2.290 4 2.740 2 410 1.780 9
2.160 9 2.680 3 131, 330 1.707 8
1.960 5 2.620 6 311 1.480 5
1.880 7 2.580 1 240 1.359 6
1.800 8 2.560 1 420 1.324 10
1.780 3 2.510 3 231 1.209 8
1.755 3 2.570 2 150 1.141 7
1.655 8 2.170 3 241 1.048 3
1.560 5 2.150 3 250, 421
1.475 2 2.020 5 440, 051
1.450 4 1.984 4 431, 151
1.365 3 1.974 3 530, 112
1.320 4 1.883 1 202, 600
1.260 2 1.805 4 441
1.125 5 1.766 1 351, 133
1.208 5 1.648 4 042, 170
1.190 5 1.593 4 270
1.168 7 1.514 1 370
1.112 3 1.475 2 171
1.100 3 1.406 4 740

1.380 2 561
1.354 2 612
1.330 3 003
1.278 2 661
1.158 1 770

375  580  .  , 
  b-Cu2S  g-Cu2S,  

  ,  10÷20 . % 
PbCuBiS3,     . 4  -

 .
 PbBi2S4 – PbCuBiS3   

,     
   PbBi2S4. -

    PbCuBiS3 -
 8 . %  300 ,    -

 – 15 . %.   
, 40 . % PbCuBiS3   = 825 .

 PbBi4S7 – PbCuBiS3   
     -

  .  -

 55 . % PbBi4S7  800 .  
 PbCuBiS3  PbBi4S7   -

 – 10 . %,  300    5 . % 
PbCuBiS3 (a- . - ),   PbBi4S7  

   18 . %   
     

10 . %  PbBi4S7  300  (b- . - ).
 PbCuBiS3   -

   -
     

. ,   , 
      -

   .   
   -

   4 °/    48   
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 ,     ,  
    60 °/ .  

,    
     – -

     -
   1 ,   -
 , . 5. 

   -
 PbCuBiS3    

     5 . 
    8–12   

 5 .    -
  PbCuBiS3:  -

    -
    , -

    -
.  ,     

    -
   (   -

).     , -
    -

     -  -
.     

PbCuBiS3 (   PbCuBiS3, -
 )    

    -
    .

  -
   P b C u B i S 3: 

S0
298 = 253.1±5 /( .%),  DS0

298 = –14.1±3 / , 
D H 0

2 9 8  =  – 2 7 0 . 2 ± 1 0  /   
DG0

298 = –266.3±10 / .
   

   PbCuBiS3,   -
 ,   -

   . -
    -
  . 6.  , , -

   , 
   -

,   293   I /I  = 103 
    -

. 4.    Bi2S3–PbCuBiS3 (a), Cu2S–PbCuBiS3 ( )

. 5.   PbCuBiS3

. 6.   -
 PbCuBiS3 (1)  PbCuBiS3-Er (2)  
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,       
  105  100 .    

     - 
    0.25–0.35 ,  

      
 = 0.50–0.60 .   , 

  , -
  = 0.84-0.91 .

 ,   -
  Cu2S-Bi2S3–PbS   CuBiS2–

PbS, Cu2S–PbCuBiS3, PbBi2S4–PbCuBiS3,  PbBi4S7–
 PbCuBiS3  Bi2S3–PbCuBiS3  -

   PbCuBiS3. -
    

 PbCuBiS3     .

4.  
1.   - -

    CuBiS2–PbS, Cu2S–
 PbCuBiS3, Bi2S3–PbCuBiS3, PbBi2S4–PbCuBiS3, 
 PbBi4S7–PbCuBiS3   Cu2S–
Bi2S3–PbS     -

. ,    PbBi2S4–
 PbCuBiS3     -

    -
    . 

2.    CuBiS2–PbS -
    

 PbCuBiS3,     
  ,   -

  980 . ,   
 PbCuBiS3    -

     = 1.1632, b = 1.166, 
 = 0.401 , .  Pnma, Z = 4.

3.    
  PbCuBiS3,  

  -
. ,   PbCuBiS3 -

    -
 .

  
 ,      

     
,      -

,    .
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(CuKa- ,   2q = 5–100°, 
  – 0.02076°). 

    
   -

    -
     

TOPAS 4.2 [7].    -
 K3Eu3B4O12  -
    (  

 P2/c).
   

    -1  
 600 . · –1  -

  -106,  -
     

-150   -2  -
  1200 . · –1.   

     -
   LiF, -

   .
 K3Eu3B4O12   -

     -
 ,    -

.
     -

     
800 °    24 .   

      
    -

  300  600 °C   1 °C/   -
 5    .  

     
 750–850 °C   48  ( -
    8  -

). 

3.    
   -

     -
 . 

  K3Eu3B4O12 -
     -

.     -
     K3Gd3B4O12  -

    c « » 
   B–O   -

 B–O–B.    -
    

    
.     -

  -VII.   
(Biso)   Eu  K  , 

  O  B  . 
      

    -
      -
 [8].    -

   O1, O9  O9p 
 ,     -

     
   . 

 ,   
K3Eu3B4O12   . 1,  

     . 2,  -
    

     . 1. 
   -

    
 [Eu8(BO3)8] ,   -

  ab.   -
  EuO7,  

EuO6       
  BO3 ( . . 2).  

    -
   EuO7, -
 BO3   .

     -
  Eu3+ [9],  -

  .   -
   ,   

  4f-   Eu3+  -
   5D0  
  7FJ (J = 0, 1, 2, 3, 4).  

 1.  
    

 K3Eu3B4O12 

 : P2/c

a, Å 10.6727(7)

b, Å 8.9086(6)

c, Å 13.9684(9)

b, ° 110.388(2)

V, Å3 1244.90(14)

Z 4

 2q, ° 8–100

  1295

  120

Rwp, % 1.77

Rp, % 1.39

Rexp, % 1.45

c2 1.22

RB, % 0.55

. .   .  ,        K3Eu3B4O12
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. 1.  ( ),  ( ),    
K3Eu3B4O12

 2.      (Å2) K3Eu3B4O12

x y z Biso, Å
2

Eu1 1/2 0.6925 (8) 1/4 1 0.2 (4)
Eu2 0.7884 (6) 1.3014 (5) 0.2502 (4) 1 1.0 (3)
Eu3 0.6643 (6) 0.9684 (7) 0.1195 (4) 1 1.0 (3)
Eu4 1 0.7648 (8) 1/4 1 1.3 (4)
K1 0.418 (2) 0.357 (2) 0.095 (1) 1 1.5 (6)
K2 0.887 (2) 1.431 (2) 0.042 (1) 1 1.4 (7)
K3 0.798 (2) 0.935 (2) 0.402 (1) 1 1.5 (7)
B1 1/2 1.111 (3) 1/4 1 2.0 (15)
B2 0.737 (2) 0.594 (2) 0.228 (2) 1 2.0 (15)
B3 0.877 (3) 0.758 (3) 0.016 (2) 1 2.0 (15)
B4 0.626 (2) 1.221 (2) –0.008 (2) 1 2.0 (15)
B5 1 1.101 (3) 1/4 1 2.0 (15)
O1 0.517 (3) 0.960 (2) 0.233 (2) 0.5 0.9 (5)
O2 0.392 (3) 1.156 (2) 0.274 (3) 1 0.9 (5)
O3 0.641 (2) 0.499 (3) 0.236 (2) 1 0.9 (5)
O4 0.854 (2) 0.539 (3) 0.220 (3) 1 0.9 (5)
O5 0.713 (3) 0.751 (4) 0.230 (3) 1 0.9 (5)
O6 0.847 (3) 0.712 (4) –0.086 (2) 1 0.9 (5)
O7 0.999 (2) 0.721 (4) 0.088 (2) 1 0.9 (5)
O8 0.784 (2) 0.840 (4) 0.042 (2) 1 0.9 (5)
O9 0.502 (6) 1.154 (6) –0.027 (3) 0.537 0.9 (5)

O9p 0.567 (5) 1.089 (3) –0.058 (1) 0.463 0.9 (5)
O10 0.628 (3) 1.348 (2) –0.067 (1) 1 0.9 (5)
O11 0.722 (3) 1.214 (2) 0.089 (2) 1 0.9 (5)
O12 0.891 (2) 1.025 (3) 0.253 (2) 1 0.9 (5)
O13 1 1.254 (2) 1/4 1 0.9 (5)
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. 2.   K3Eu3B4O12

. 3.   K3Eu3B4O12,    395 nm
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. 3    K3Eu3B4O12,  
 . 3     

 Eu3+. 
    

    -
 5D0  7F0  4f  Eu3+.  

,      -
   ,  -

 ,   
   -

    u3+  -
 .   -

 ,   
(5D0

7F2)/(
5D0

7F1)  4.482,  -
     -

  Eu3+    
K3Eu3B4O12 [10].     

 .
   ( . . 4) -

  4f 6 4f 6-    
    -

: 7F0  5H5 (320.0 nm), 7D0  5D4 (363.6 nm), 
5D0  5L7 (383.8 nm), 7F0  5L6 (395.5 nm), 7F0  5D2 
(466.7 nm).    

   , -
  7F0  5L6  7F0  5D2.

4. 
 ,   -

     
   -   

K3Eu3B4O12.    -
    -

    
K3Gd3B4O12,    

     
a = 10.6727(7) Å, b = 8.9086(6) Å, c = 13.9684(9) Å, 
b = 110.388(2)° ( . . P2/c).

   
K3Eu3B4O12.    -

   4f -   

. 4.   K3Eu3B4O12,    610 nm

 3.   (nm)  
 Eu3+  K3Eu3B4O12 

5D0  7F0
5D0  7F1

5D0  7F2
5D0  7F3

5D0  7F4

578.1

585.6
586.5
590.2
592.6
593.8
596.2

610.4
619.8

650.7
656.5

701.9
703.0
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,    99.99 %  
 ( , ).   
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    -
    Bruker D8 

Advanced (CuKa ),  -
    Powder 2.0 ( Q < 

10).      -
   Carl Zeiss NVi-

sion 40   -
.     -

   Lambda 
950 Perkin Elmer.    

   Stellarnet 
EPP2000    0.5 . 

     
    -

      Al2O3:Ti  -
     (LOTIS 

TII, 10 , 10 ),    -
     -

    H2.  
   -

  -23  -3,  -
      
  -100,    -

 -62.    -
    

 BORDO    
200     10 . 

    -
    -

   Thorlabs IS200  
 SOLAR S100,   

  -2850   
 -16.    -

    -
   [20],  -

    -
    -

     
   .

3. 
   -

  Y0.949Eu0.001Yb0.05F3,   
    , -

  . 1,     -
  (   b-YF3) -

  . 1.    
   

     -
 JCPDS    -

   : YF3 (a = 6.353 Å, 
b = 6.850 Å, c = 4.393 Å, JCPDS card # 74-0911). 

     
   -
 ( . 1),    -

     

 1.         
Y1-x-yEuxYbyF3.

Y1-x-yEuxYbyF3

  ,   EDXa b c
YF3:Eu(0.05 .%):Yb(1.0 .%) 6.365(1) 6.859(2) 4.3909(7) YF3:Eu(0.2 .%):Yb(2.1 .%)

YF3:Eu(0.1 .%):Yb(5.0 .%) 6.345(2) 6.839(3) 4.384(1) YF3:Eu(0.4 .%):Yb(6.4 .%)

YF3:Eu(0.1 .%):Yb(1.0 .%) 6.342(2) 6.838(2) 4.3862(9) YF3:Eu(0.2 .%):Yb(1.9 .%)

YF3:Eu(0.05 .%):Yb(10.0 .%) 6.339(2) 6.834(2) 4.384(1) YF3:Eu(*):Yb(12.9 .%)

YF3:Eu(0.05 .%):Yb(5.0 .%) 6.348(1) 6.842(2) 4.3859(9) YF3:Eu(0.1 .%):Yb(7.1 .%)

YF3:Eu(0.1 .%):Yb(10.0 .%) 6.3597(8) 6.851(1) 43891(6) YF3:Eu(0.1 .%):Yb(13.7 .%)

* –      ,        -
 .

. 1.     
Y0.949Eu0.001Yb0.05F3

 

    , 2020, 22(2), 225–231



228

  ,  
±0.5 .%.

  YF3,   Eu  
Yb,    -

 Eu3+       
    399 ,    -

     (296  266 ). 
   . 2  

    Eu3+  
5D0–

7Fn (691, 650, 615, 590 ), 5D1–
7Fn (568, 556, 537, 

526 ), 5D2–
7Fn (511, 489, 464 ) [21].  , 

   266   -
     -

     430 ,  -

    -
 5d-4f  Eu2+ [22].  , 

   Yb3+   
   266  296  ( . 2),  

     .
   Eu3+  -

  615   Yb3+    1020  
     266   

 YF3   . 3.  
   -

,      Yb3+  -
  Eu3+.    -

  Eu3+   
  ,   

. 3.    Eu3+  Yb3+   YF3      
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   Yb3+
,  -

,   . - , 
   -

    Eu3+,  
      

 Yb3+.      -
  -   -

   5D0  Eu3+.  
     

   , -
   (1) [23]: 

t
t I t dt

I t dtavg

( )

( )
,=

◊Ú
Ú

  (1)

 I(t) –   -
  , t – .

    -
 ,  -

     -
   Yb3+ ( . 2).   -

      
     Eu3+ 

,    -
      

 Eu3+   YF3,   
   [24].

     -
    -

  Yb3+ (QY)   -
   266  ( . 3).  

    
Eu  Yb 0.1:10.0  0.05:5.00  YF3 (QY = 2.2 %).

4. 
   

    -

  Y1–x–yEuxYbyF3   -
  Eu3+  Yb3+.  
    -

   , 
    

 .   -
   -

  b-YF3.   -
    -

     ,   
     

  ±0.5 .%.  -
 ,  -

  Eu3+  Yb3+,   
     

 Eu3+  Yb3+,     
  266  296   -

  .  ,  
     266  -

     -
  430 ,    -
 5d–4f   Eu2+.  -
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  Eu3+    
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   Yb3+,  ,  
  .  -

,       -
 Eu3+   Yb3+.   -

      
  Yb3+    

  266 .   
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    Eu  
Yb 0.10:10.00  0.05:5.00  YF3 (QY = 2.2 %).

 2.          615   
1020    YF3:Eu:Yb   266 

YF3

  615 615 1020 615 1020 615 1020 

Yb 0% Yb 1.0 .% Yb 5.0 .% Yb 10.0 .%
Eu 0.05 .% 2.6±0,1 2.3±0.1 1.7±0.1 3.0±0.1 1.3±0.1 3.7±0,1 1.0±0.1 
Eu 0.1 .% 2.8±0.1 2,1±0.1 1.6±0.1 2,7±0.1 1.3±0.1 3.5±0.1 1.1±0.1 

 3.    Yb3+  YF3:Eu:Yb   266 

YF3:Yb:Eu
Yb 1.0 .% Yb 5.0 .% Yb 10.0 .%

Eu 0.05 .% 1.0 % 2.2 % 1.6 %
Eu 0.10 .% 1.0 % 1.1 % 2.2 %
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Abstract
An overview of the use of solid dispersion systems in pharmacy is presented. The main techniques of obtaining solid 
dispersions were considered. The simplest one is the solvent removal technique: the medicinal drug and the carrier are 
dissolved in the solvent that is then evaporated. The fusion method involves heating the mixture of the medicinal drug 
with the carrier above the fusion temperature with further hardening under quick cooling. The co-milling method is based 
on the co-use of compression, fracture, and friction energy for the transition of the solid-state drug and carrier into the 
amorphous state. The kneading method is a variation of the co-milling method. In this case, the solvent performs several 
functions at the same time: it dissolves one of the components and enters the micro-  ssures of crystals of another component, 
producing a wedge effect and contributing to the milling and interpenetration of one substance into the pores of another. 
The method of using the agents stabilising the amorphous state of the medicinal drug involves mixing the following 
components: a sparingly soluble medicinal drug, an agent inducing the transition of the system into the amorphous state, 
and an agent stabilising its amorphous state. The obtained mixture is subjected to thermal or mechanochemical treatment. 
Combinations of these methods are also used to obtain solid dispersion systems. Examples of polymers and non-polymer 
substances used as carriers in solid dispersion systems are given. The works of authors were studied that are dedicated to 
the creation and study of solid dispersions of various active pharmaceutical ingredients as well as dosage forms produced 
from these solid dispersions.
Keywords: solid dispersion systems, carriers, medicinal drugs.
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Abstract
The goal of this study was the synthesis and study of the properties of synthetic aikinite, PbCuBiS3.
The synthesis was carried out in evacuated quartz ampoules for 7–8 h; the maximum temperature was 1250–1325 K. Next, 
the samples were cooled and kept at 600 K for a week. Then the ampoules were opened, the samples were carefully ground, 
and after melting, annealed at 600–800 K, depending on the composition, for at least two weeks to bring the samples into 
equilibrium. The annealed samples were studied by differential thermal (DTA), X-ray diffraction (XRD), microstructural 
(MSA) analyses, as well as microhardness measurements and density determination. XRD was performed using D 2 PHASER 
with CuKa radiation and a Ni  lter.
CuBiS2–PbS, Cu2S–PbCuBiS3, Bi2S3–PbCuBiS3, PbBi2S4–PbCuBiS3, PbBi4S7–PbCuBiS3 sections of quasi-triple system Cu2S–
Bi2S3–PbS were studied using the complex of physical and chemical analysis methods and their phase diagrams were plotted. 
It was found that in addition to the PbBi2S4–PbCuBiS3 section, all sections are quasi-binary and they were characterized by 
the presence of limited solubility regions based on the initial components. The study of the CuBiS2-PbS section revealed 
the formation of a quaternary compound PbCuBiS3 occurring in nature as the mineral aikinite, congruently melting at 
980 K. We established that PbCuBiS3 crystallizes in a rhombic syngony with lattice parameters a = 1.1632, b = 1.166, 
c = 0.401 nm, Pnma space group, Z = 4. Using DTA and XRD methods we established that PbCuBiS3 compound is a phase of 
variable composition with a homogeneity range from 45 to 52 mol%/PbS. The PbCuBiS3 compound is a p-type semiconductor 
with a band gap energy of E = 0.84 eV.
Keywords: aikinite, compound, single crystal, structure, thermodynamic function, band gap energy.
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Abstract 
The aim of this study was to investigate the physics of interfacial adhesion in polymer/carbon nanotube systems. The study 
was carried out on polypropylene/carbon nanotube (nano  ber) nanocomposites employing fractal analysis.
Due to a high degree of anisotropy and low bending stiffness, carbon nanotubes (nano  bers) form ring-like structures in 
the polymer matrix of the nanocomposite, which are structural analogue of macromolecular coils of branched polymers. 
This allowed us to simulate the structure of polymer/carbon nanotube (nano  ber) nanocomposites as a polymer solution, 
using the methods of fractal physical chemistry.  Using this approach we assume that macromolecular coils are represented 
by the ring-like structures of carbon nanotubes and the solvent is represented by the polymer matrix. The suggested model 
can be used to perform structural analysis of the level of interfacial interaction between the polymer matrix and the 
nano  ller, i.e. the level of interfacial adhesion. The analysis demonstrated that most contacts between carbon nanotubes 
and the polymer matrix, which determine the adhesion level, take place inside the ring-like structures. The fractal analysis 
showed that a decrease in the radius of the ring-like structures or their compactization increases the fractal dimension, 
which makes it dif  cult for the matrix polymer to penetrate into these structures. This results in a decrease in the number 
of contacts between the polymer and the nano  ller and a signi  cant reduction of the level of interfacial adhesion. This 
effect can also be described as the consequence of compactization of the ring-like structures, demonstrated by the increased 
density. The article shows a direct correlation between the value of interfacial adhesion (dimensionless parameter ba), the 
number of contacts between the polymer and carbon nanotubes, and the volume of the ring-like structures, accessible for 
penetration by the polymer. The quantitative analysis demonstrated, that the number of interactions occurring on the 
surface of ring-like structures of carbon nanotubes (nano  bers) is only ~ 7–10 %. The suggested model allowed us to 
determine the correlation between the structure of the nano  ller in the polymer matrix and the level of interfacial adhesion 
for this class of nanocomposites.
The results of our study can be used to de  ne the structure of carbon nanotubes (nano  bers) necessary to obtain the highest 
level of interfacial adhesion.
Keywords: nanocomposite, carbon nanotubes (nano  bers), interfacial adhesion, ring-like structures, fractal analysis. 
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Abstract
To date, double molybdates of mono- and tetravalent elements have been comprehensively studied, and systems with 
molybdates of mono- and trivalent elements have been studied quite thoroughly. Some materials based on double molybdates, 
for example, those containing lanthanides, are considered promising for laser technology and electronics. Meanwhile, there 
is limited information on the properties, especially optical ones, of the molybdates containing rare-earth elements and 
zirconium. The aim of this work was to study the luminescent properties of self-activated terbium-containing 
zirconomolybdates with the compositions Tb2Zr3(MoO4)9 (1:3) and Tb2Zr(MoO4)5 (1:1), crystallising in two different structural 
types.
Powder samples of the studied molybdates were synthesised by ceramic technology. The absorption, excitation, and emission 
spectra were measured using a Perkin Elmer Lambda 950 spectrophotometer. Luminescence was excited by a 250 W DKSSh-
250 xenon lamp through an MDR-2 monochromator and recorded using an SDL-1 double monochromator with a grating 
of 600 lines/mm. The optical properties of new zirconium molybdates containing Tb3+ ions were studied. They revealed 
bright luminescence in the green spectral region due to the transitions inside the 4f shell of the rare-earth Tb3+ ion, excited 
both in the bands associated with the 4f-4f transitions and in the band with a charge transfer. The observed spectral lines 
as well as luminescence and excitation bands were identi  ed.
It was shown that the position of the wide excitation band associated with the “charge transfer” transitions from O2– in 
MoO4

2– groups via Mo–O bonds to luminescent centres (Tb3+) does not depend on the matrix structure. The structure and 
intensity of the observed spectral lines, indicating a low symmetry of the Tb3+ crystalline environment, correlate with the 
structural analysis data. The results obtained in this work can be used when creating promising phosphors in the green 
spectral region under ultraviolet excitation.
Keywords: solid-phase synthesis, luminescence, terbium-containing zirconomolybdate.
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Abstract 
It was shown that the phase transformation of palladium into its own phase during the selective dissolution of the Ag15Pd 
alloy proceeds in the instantaneous nucleation mode and is limited by the surface diffusion of Pd ad-atoms to the growing 
three-dimensional nucleus of the new phase. The kinetic regularities of the electrooxidation of formic acid on an Ag15Pd 
alloy subjected to preliminary selective dissolution were established using transient electrochemical methods. It was found 
that the process of anodic destruction of HCOOH in an acidic sulphate solution proceeds at a higher rate on the anodically 
modi  ed Ag15Pd alloy, the surface of which is morphologically developed and enriched with palladium as a result of 
potentiostatic selective dissolution under overcritical polarization conditions. The process of electrooxidation of HCOOH 
is non-stationary, proceeds in a mixed-kinetic mode and accelerates with increasing anodic potential. Kinetic currents of 
anodic oxidation of formic acid were determined by the chronoamperometry. A correlation between the value of the electric 
charge transferred during preliminary anodic modi  cation of the Ag15Pd alloy and the rate of the kinetic stage of the 
electrooxidation of HCOOH was revealed.
Keywords: alloy, silver, palladium, selective dissolution, phase transformation, formic acid, electrooxidation.
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Abstract
We investigated the role of the effect of morphological inhomogeneity of the electrode surface in the voltammetric response 
of the irreversible electrochemical process in the mixed-kinetic mode. An algorithm was developed using the Comsol 
Multiphysics computer package for the numerical simulation of the electrode reaction, including successive stages of 
irreversible charge transfer and diffusion mass-transfer, using the  nite element method. By numerical solution of the 
diffusion-kinetic problem, polarization curves of the irreversible electrochemical process on electrodes with a rough surface 
formed by the irregularities of various geometric types (sinusoidal surface, surface with protrusions, trapezoidal surface, 
sawtooth surface, and “random” surface) were obtained. We established the usage conditions for the voltammetric method 
of studying the kinetics of electrochemical processes under which the roughness of the electrode should be considered. It 
was found that at relatively high potential scan rates, the voltammetric maximum on the polarization curve was formed 
under conditions of a very small thickness of the diffusion layer, repeating the pro  le of the rough surface, therefore the 
peak current strength was proportional to the roughness factor. If the scanning rate was relatively low, then by the time 
the peak on the voltammogram was reached, the diffusion front was completely smoothed out, and the surface roughness 
of the electrode no longer affected the maximum current. At the same time, the shape of the irregularities responsible for 
the roughness did not signi  cantly affect the voltammetric response of the irreversible electrochemical process.
Keywords: voltammetry, irreversible process, diffusion, roughness.
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Abstract
The study established the formation of the new double borate K3Eu3B4O12. The Rietveld re  nement of the crystal structure 
revealed that K3Eu3B4O12 crystallises in the monoclinic syngony with unit cell parameters a = 10.6727(7) Å, b = 8.9086(6) Å, 
c = 13.9684(9) Å, b = 110.388(2)° (space group P2/c). K3Eu3B4O12 has a layered structure with [Eu8(BO3)8]  sheets which are 
almost parallel to the ab plane. These sheets are formed by pentagonal EuO7 bipyramids, EuO6 octahedras, and BO3 triangles 
attached to them through common vertices. Neighbouring layers are interconnected via pentagonal EuO7 bipyramids, BO3 
triangles, and potassium cations. The luminescence spectrum demonstrates a noticeable emission band at 611 nm, resulting 
from the 5D0

7F2 transition of Eu3+ ions.
Keywords: double borates of potassium and rare-earth elements, ceramic technology, Rietveld method, luminescent 
properties.
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Abstract
The majority of the global market for solar photovoltaic devices is based on silicon technology. It is very important to 
increase their ef  ciency through the use of luminescent coatings, including those converting radiation from the UV-blue 
region of the spectrum into the near-infrared range, where silicon absorbs radiation most ef  ciently (Stokes or down-
conversion luminescence), or from the infrared region of the spectrum in the near-infrared range (up-conversion 
luminescence). The aim of this research was to synthesize and study the spectral-kinetic characteristics of single-phase 
solid solutions of Y1–x–yEuxYbyF3 and to determine the quantum yield of down-conversion luminescence. 
Using the method of high-temperature melting, single-phase samples of solid solutions of Y1–x–yEuxYbyF3 with orthorhombic 
system were synthesized. For the series of samples with different Eu3+/Yb3+ ratios, upon double doping with these ions, the 
formation of the corresponding solid solutions with a crystal lattice of the b-YF3 phase was con  rmed. Their chemical 
composition was determined using the energy dispersion analysis, and it was established that it corresponds to the nominal 
one. It was shown that both Eu3+ and Yb3+ ions become luminescent upon excitation at wavelengths of 266 nm and 296 nm. 
This indicates these compounds as promising sensitisers of UV radiation. In this case, upon excitation at a wavelength of 
266 nm, luminescence of Eu2+ ions was recorded. The maximum quantum yield values (2.2 %) of the ytterbium down-
conversion luminescence in the near-infrared wavelength range upon excitation at a wavelength of 266 nm were recorded 
for YF3:Eu:Yb with the Eu3+:Yb3+ ratios of 0.1:10.0 and 0.05:5.00.
Keywords: rare earth  uorides, phosphors, solar panels, down-conversion luminescence.
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Abstract
The interest in the study of systems containing sulphides with the formula AIBIII VI

2 is generated in particular by emerging 
opportunities for their practical use in the production of non-linear optical devices, detectors, solar cells, photodiodes, 
luminophors, etc. Therefore, taking into account the search for new promising materials based on silver and iron thiogallates, 
the goal of this work is to study the quasi-binary section FeGa2S4–AgGaS2 of the quaternary system Fe–Ag–Ga–S.
The alloys of the AgGaS2-FeGa2S4 system were synthesised from high-purity base metals: iron – 99.995 %, gallium – 99.999 %, 
silver – 99.99 %, and sulphur – 99.99 %. The alloys were studied using differential thermal analysis, X-ray phase analysis, 
and microstructural analysis as well as microhardness measurement and density determination. 
Using the methods of physicochemical analysis, a T-x phase diagram of the AgGaS2-FeGa2S4 section, which is the internal 
section of the quasi-triple FeS–Ga2S3–Ag2S system, was studied and constructed for the  rst time. It was established that 
this system is of the simple eutectic type. The composition of the eutectic point is 56 mol% FeGa2S4 and  = 1100 . The 
solid solution ranges were determined on the basis of the source components. Based on FeGa2S4 and AgGaS2 at the eutectic 
temperature the solubility stretches to 10 and 16 mol% respectively. With decreasing temperature, the solid solutions 
narrow and, at room temperature, comprise 4 mol% AgGaS2 based on iron thiogallate (FeGa2S4) and 11 mol% FeGa2S4 based 
on silver thiogallate (AgGaS2).
Keywords: phase diagram, solid solution, FeGa2S4, AgGaS2, quasi-triple system, eutectic, X-ray analysis, FeS–Ga2S3–Ag2S.
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Abstract
Nonequlibrium  uctuations, which are of nonlinear Brownian noise by type, occur in different systems near the phase 
transition points. As a rule, such nonequlibrium processes are the precursors of materials fracture and degradation. 
Observation of the transient premelting states near the melting point Tm and anomalous temperature behaviour of some 
physical parameters indicate changes in the structure and properties of a solid body as it approaches the melting point. As 
a rule, the changes are nonlinearly dependent on heating rate. It is necessary to calculate the index of the shape of the 
 uctuation spectrum to characterise the state of complex dynamic systems. The index has information about the processes 

in the system and the interrelations between different subsystems. Changes in the spectral characteristics of  uctuation 
processes may indicate the state of the system and also help us to develop the methods to predict its evolution. The aim 
of this study is parametrisation of heat  uctuations in the premelting states of KI ionic crystals and the study of the 
dependence of spectral parameters on kinetic modes of heating. 
Wavelet-analysis has been used to determine the spectral characteristics of thermal  uctuations in the KI premelting states 
in various kinetic modes. Wavelet-analysis combines the capabilities of classical spectral Fourier-analysis with the capabilities 
of a local study of various  uctuation and oscillating processes in frequency and time domains. It makes it possible to 
determine the features of the processes at various times and scales of the evolution of the system.
Wavelet transform of oscillating processes allowed obtaining information about the dynamics of the development of complex 
systems under various nonequilibrium conditions. It was shown that heat  uctuations in the KI premelting states are 
nonlinear Brownian noise with the coef  cient of selfsimilarity of b ~ 2. Using the Hurst parameter, the type of  uctuation 
process was de  ned. It was shown that in dynamic heating modes (v = 5, 10 K/min) the  uctuation process is characterised 
by oscillating nature of evolution of the “stable-unstable” type (the property of antipersistency). In quasistatic modes (v = 
1 K/min) the initial tendency of the evolution of the system is maintained (the property of persistence).
Keywords: potassium iodide, premelting, melting point,  uctuation, wavelet-analysis, index of selfsimilarity, nonlinear 
Brownian noise, Hurst parameter, structural reconstruction.
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Abstract
It is advisable to control characteristics and rate of formation of nanoscale  lms on InP by introducing chemostimulators, 
modi  ers, or both simultaneously during the thermal oxidation of semiconductors. The chemostimulating effect of the 
compounds is determined by their transit role as oxygen transmitters or their catalytic function. Modi  ers can affect the 
composition, surface morphology, structure, and properties of the  lm without changing the  lm growth rate. The effect 
of chemostimulators and modi  ers on a single process of  lm synthesis with the desired properties was assumed to be 
productive.
Purpose: Establishment of the effect of certain complex chemostimulators and modi  ers on the kinetics, growth mechanism, 
and properties of complex oxide  lms on InP in the nanoscale thickness range.
The object of the study was indium phosphide FIE-1A orientation (100). SnO2/InP and (40 % Co3O4+60 % MnO2)/InP 
heterostructures with a layer thickness of ~ 30 nm were formed by magnetron sputtering. Sulphate was deposited through 
the aerosol phase, followed by air drying and annealing at 200 °C for 30 min for the formation of the Bi2(SO4)3/InP 
heterostructures. SnO2/InP and InP samples were thermally oxidized under the in  uence of AlPO4 and Bi2(SO4)3, respectively, 
introduced into the gas phase in the temperature range 490-570 °C in an oxygen stream for 60 min. The thickness of the 
 lms was controlled by laser and spectral ellipsometry and their phase and elemental composition were established by 

XRD and Auger electron spectroscopy, respectively. For the determination of the electrophysical properties of the  lms, 
the contacts were sprayed with aluminium and the resistivity was determined.
The fundamental role of the physicochemical nature of the chemostimulator, its ability to transit interactions and the 
renewability of oxide forms in the process of InP thermal oxidation was established. The introduction of phosphate groups 
from AlPO4 into thermal oxide  lms, with or without the deposition of SnO2 on the surface, led to the  lm resistance similar 
to that for the oxidation of SnO2/InP heterostructures without the additional introduction of phosphates and was 
8.5·107 Ohm·cm. Bi2(SO4)3, being a modi  er of the composition and properties of the  lms, did not have a signi  cant 
chemostimulating effect. Films grown under its in  uence had a semiconductor characteristics (r ~ 106 Ohm·cm). The most 
effective was a 40 % Co3O4+ 60 % MnO2 complex chemostimulator, which determined the accelerated (up to 70 %) formation 
of  lm by the catalytic-transit mechanism (up to 70 %), being a part of the synthesized  lms and capable of purposefully 
modifying their properties by varying the content of components in it (XRD, SE).
Keywords: indium phosphide, nanoscale  lms, chemostimulated oxidation, chemostimulator, modi  er, modi  cation of 
composition and properties.
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Abstract 
Natural glauconite-based sorbents were obtained for skimming oil and oil products from different surfaces. Glauconite is 
an aluminosilicate mineral and is widely used for cleaning various pollutants from water and soil. The classi  cation allowed 
selecting a glauconite fraction with a particle size of 0.045-0.1 mm, which is the most effective for the sorption of oil 
products. For this, the sorbent was thermally activated and modi  ed using organic compounds. The glauconite samples 
were thermally treated at temperatures of 100, 600, and 1000 °C. To provide glauconite with hydrophobic properties, it was 
modi  ed with stearic acid. 
When the sorbents came into contact with water (duration 92 hours), it was found that with the mass fraction of stearic 
acid of 5 wt% the lowest weight loss was observed in all the three samples. The contact angle of wetting for sorbents is 
greater than 90°, which led to a change in the state of its surface. The obtained samples were not wetted with water and 
could remain on its surface for a long time. The interaction of oil and a hydrophobic sorbent showed that after seven minutes 
the particles of the sorbent penetrated the oil that also has a hydrophobic surface and can sorb a surfactant applied on the 
sorbent, which indicates the af  nity of stearic acid to oil. A granular sorbent, thermally activated at a temperature of 1000 
°C and modi  ed with a cellulose-containing component, sorbed the oil for 2 minutes. The use of this modi  er increased 
the sorbent porosity, which affected the sorption rate. 
Keywords: glauconite, sorbent modi  cation methods, hydrophobicity, oil spill clean-up.
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Abstract
Homogeneous Ag-Pd alloys are effective catalysts for the cathodic evolution of hydrogen. They are characterised by high 
mechanical strength and are less susceptible to hydrogen embrittlement than metallic palladium. The aim of this study 
was to determine the kinetics of hydrogen evolution on palladium and its homogeneous alloys with silver in an alkaline 
aqueous solution, and to investigate their hydrogen permeability.
The behaviour of Pd and Ag-Pd alloys (XPd = 15–80 at%) in a deaerated 0.1 M KOH aqueous solution was studied using cyclic 
voltammetry and double step anodic-cathodic chronoamperometry. Cyclic voltammograms for Pd and Ag80Pd were similar. 
However, when a small amount of silver (  20 at%) was introduced into palladium, the ionization rate of hydrogen decreased. 
A further increase in the concentration of silver in the alloy resulted in a complete suppression of the ionisation process. 
For Ag–Pd alloys with palladium concentrations below 30 at%, the voltammograms did not show any hydrogen ionization 
peaks. The dependencies of the peak ionisation current on the potential scan rate for all the studied alloys were linear and 
were extrapolated to the origin of the coordinates, which indicated that the process was complicated by solid-phase diffusion. 
The slopes of the lines for Ag60Pd and Ag50Pd alloys were higher than the slope for the Ag80Pd alloy, which indicated the 
presence of silver oxides on the surface. For all the studied electrodes the dependence of the peak current potential on the 
potential scan rate log linearly increased, which means that the electrochemical stage of atomic hydrogen ionization, which 
is complicated by solid-phase diffusion, is irreversible. The hydrogen permeability parameters of the alloys were calculated 
using potentiostatic cathodic and anodic current transients at different time intervals (1-10 sec.). The longer the 
hydrogenation time, the lower the current amplitudes on cathodic and anodic branches of the chronoamperograms. The 
hydrogen permeability parameters were calculated based on cathodic and anodic current transients linearised in the 
corresponding criteria coordinates, using the results of theoretical modelling of hydrogen injection and extraction for 
semi-in  nite thickness electrodes. The phase-boundary exchange constant and the ionisation rate constant of atomic 
hydrogen were maximum for the alloy with the concentration of palladium of 80 at%. The hydrogen extraction rate constant 
changed linearly with the decrease in the concentration of palladium. The study determined that the values of hydrogen 
permeability for Ag-Pd alloys in alkaline solutions are lower than in acidic ones.
The determining stage of the hydrogen evolution reaction on Ag–Pd alloys (XPd  40 at%) in a 0.1M KOH solution is the 
electrochemical stage of atomic hydrogen ionization complicated by its diffusion in the solid phase. The hydrogen 
permeability parameters in Ag-Pd alloys are maximum, when the concentration of palladium is ~80 at%. Therefore, such 
alloys can be used as materials for ef  cient hydrogen puri  cation and storage.
Keywords: homogeneous  Ag–Pd alloys; atomic hydrogen injection and extraction; hydrogen permeability; aqueous alkaline 
medium.
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