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 ReVO4:Eu3+  CeO2    (   
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 : 
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   /  ; 
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      (  GdYVO4:Eu3+  

CeO2)   (    ( )   
 ( ))    ; 
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      . 
  – ;    

  ;    
,   ,   

 . 
   : 

1. ,       ReVO4:Eu3+ (Re = Y, 
La, Gd),        

      ,    , 
        

/  .   ,  . 
2. ,       

       
(Förster resonance energy transfer, FRET),     

  /      (  
GdYVO4:Eu3+  CeO2)   (     ) . 

,         
      . 

3.         
        

         
 (  ). 

4. ,   ,  
       

GdYVO4:Eu3+   J -1    ,   
        

    . 
5. ,   in vitro ,    

        
   .     

  . 
6.  ,       

         
   ( ). 
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ReVO4:Eu3+    CeO2      
,           

  , ,  ,   
     ,   
  ,    .    
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    ,      
      . 

       
        

  /  . 
  .   ,    

,         
.  ’  ,      
      . .- . . . . . 
        

        
  .    ReVO4:Eu3+  CeO2 

 . . . . . .     in vitro 
   . . . . . .     

       : 
–    [1,8,9]     

    ;  
–    [2,4,10-12]    

         
 ; 

–    [3]      
   /  ;  

–   [5,6,13-15]      
        

 ; 
–   [7]       

    . 
    . .- . . . . ,  

,     , 
         . 

  .    
        
: 2nd International conference “Nanomaterials: Application & 

Properties”, Alushta (Crimea), 2012; 9-th International Conference “Electronic 
Processes in Organic Materials (ICEPOM-9)”, Lviv (Ukraine), 2013; Fourth 
“International Workshop on Advanced Spectroscopy and Optical Materials 
(IWASOM-2013)”, Gda sk (Poland), 2013; IV International Conference for Young 
Scientists “Low Temperature Physics”, Kharkiv (Ukraine), 2013; XXI Galyna 
Puchkovska International School-Seminar “Spectroscopy of Molecules and Crystals”, 
Beregove (Crimea), 2013; 3rd International Scientific-Technical Conference for 
Young Scientists “Luminescent Processes in Condensed State of Matter (LUMCOS – 
2013)”, Kharkiv (Ukraine), 2013. 
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        (0,2; 0,5 
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 . 
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   -    

USB 4000 (Ocean Optics, ). 
         

      ReVO4:Eu3+ 
(Re = Y, La, Gd)    CeO2,     

:      ( . 1).    , 
 ,      

  ,      . 1.  
       

ReVO4:Eu3+ (Re = Y, La, Gd)  (d=2 ),  (7 35 )  
 (10 80 )     CeO2 (d=2 ) 

      .   
    ( -125   

, «Selmi», , . 1). -     
    (ZetaPALS/BI-MAS , 

Brookhaven Instruments Corp., ). 
 

 
 1.   ,  ,    

  . 
 

       
   (DiOC2, DiIC1  DiDC1)    

/     JC-1 (JC-1, JC-1/C4, JC-1/C18  JC-
1/C3S)    .       

     ,   
  /   DiO 18 /  DiI 18. 

 

DiO 

JC-1

DiI DiD 

GdYVO4:Eu3+ 

(1-2 ) 
LnVO4:Eu3+

(10×80 )
GdVO4:Eu3+

(7×35 )
CeO2

(1-2 )
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       DiO 18 /  

DiI 18, 5      GdYVO4:Eu3+  CeO2 (0,83 / ) 
 5   DiO 18  DiI 18 (3,3 10-5 M)    

  ,   10   .  
    (Rotavapor R-3, Buchi, 
)  1      

.     2 10-5 M,  
GdYVO4:Eu3+  CeO2  0,5 / .    ,  

    (0.1 M)     
.     0,25 / . 

        
 (  150 )    (  5 )   

 DiO 18 /  DiI 18. 
        

        ,  
        (  
 ,   Adobe Photoshop CS3).  

      
  ( ),     . 

  «      
  ReVO4:Eu3+ (Re = Y, La, Gd)      

»        
   ReVO4:Eu3+ (Re = Y, La, Gd)    
 DiO 2, DiI 1  DiD 1 ( . 1)   . ,   

 ,         
       

ReVO4:Eu3+.   ,   ( . 2),  
    

 -    
    

  - . 
   

,   
 ,   0,61, 

1,83, 2,4 /  DiO 2, DiI 1  DiD 1, 
 (    

GdYVO4:Eu3+); 0,33, 0,73, 0,97 /  (  
  GdVO4:Eu3+); 0,37, 

0,92, 0,74 /  (    
LaVO4:Eu3+),     

    
S  = 1304 2/  (GdYVO4:Eu3+), 208 2/  
(GdVO4:Eu3+)  182 2/  (LaVO4:Eu3+).  

     
    

 2.  
   

   
GdYVO4:Eu3+. 



 8
          ReVO4:Eu3+ (Re = Y, 

La, Gd ).      JC-1    
  (JC-1, JC-1/C4, JC-1/C18)     JC-

1/C3S ( . 1). 
      -   

   JC-1.    . 3 ,  1,  
        

   ,  ,   ,  
    , :  (   

- ),   (J- ).     
         JC-1,  

    .    
    H-,   J- .    

  JC-1      
    . ,      

          
 -  ( . 3 ).     

   ,       
,         ( . 3 ).  

 

 
 3.   ( )   ( )  JC-1  
  /   (1:9),     

 - . [ ] = 0,5 / . [JC-1]=1 10-5 M.  
 

  ,      
    - ,     -

.   (  )      
  JC-1 ( . 4).  ,      ( . 4 ) 

         
  (      ),   

          
   (    « ’  »)   

   (   ,     
).  
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 ,    ( . 4 , , )     

 ,     J- .    
. 4 , , ,   ,    , 

  ,      - .  
          

   . 

 
 4.    JC-1  ,   

   - :   ( );  ( ); 
 ( );   ( ) . [ ] = 0,5 / ; [JC-

1]=1 10-5 M.      ,   
 –  ,   –  ,   

 –   . 
 

        
  ,     

,         
  ( E ),      ,  

    ( ),      
 ( )     ( R ) ( .1).  

     ,     
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(   ),  ,          

 – J- .       
     .  

 
 1. 

   JC-1  ,     
 

   
 , -1   R, Å , -1   R, Å 
  1539 85 48 5,35 3334 71 55 4,02 

GdYV 4:Eu3+, 
 1675 74 53 5,1 3398 91 44 4,2 

GdV 4:Eu3+, 
 1515 78 51 5,3 3054 81 49 4,25 

LaV 4:Eu3+, 
 1539 65 58 5,1 3863 90 45 2,88 

 
 ,  ,      
  JC-1        

        
       

     ,    
  «   /  ». 

 JC-1/C4    R = C4H9, . 1.   
 /   JC-1/C4   J- ,  

    .       
  ,        

      80%      
(  J- ).   ,  ,   

   . 
 JC-1/C18 (R = C18H37, . 1)       

   ,      
    ,     

,    . 
 JC-1/C3S     JC-1 (R = C3H6–SO3

-, 
. 1).    /   JC-1/C3S   

J- ,         
 .         

     .  ,     
        

   - .     ,   JC-1/C3S  
  ,        

 «  /  ». 
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,   ,  

     
GdYVO4:Eu3+/  JC-1    ,      
JC-1     ( . 5).    

     . 
 

 
 

 5.       
 JC-1    ( )     

GdYVO4:Eu3+ /  JC-1    ( ). 
 

  «     
  /       

      
».    /  

( / ),        
  .     

 ,          
   ,      . 

   /     
   ,     , 

   ,     
   (FRET).    FRET  

DiO 18 (    )  DiI 18 (   
 )     (  ,  

,   GdYV 4:Eu3+).        
  DiO 18     
)/( DiIDiODiO III ,  DiOI   DiII  –  ,   

  DiO 18  DiI 18, ,     
 DiO 18 (    ). 

     )/( DiIDiODiO III       
      /DiO 18  

/Di 18     /(DiO 18+Di 18),   
    K  ( -1) :  
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 tK

DiIDiO

DiO

tDiIDiO

DiO e
II

I
II

I

)0()(
)()(

, (1) 

     ,     : 

 
K

2ln
2/1  (2) 

     K    
      ( )   

: 

 
RT
E

KK a
0lnln   (3) 

 ,   .2,     
    ,  ,   

   . 
 

 2  
     /  

 T , K K , -1 
2/1 ,  aE , 

/  

  
 

293 0,01 69,3 

68,1 
303 0,052 13,3 
313 0,054 12,8 
323 0,056 12,4 
343 1,49 0,46 

  

293 0,011 63 

134,5 313 0,437 1,59 
323 1,04 0,67 
333 5,18      0,13 

GdYVO4:Eu3+ 

293 0,012 57,8 

104,2 303 0,014 49,5 
313 0,119 5,82 
323 0,524 1,32 

 
       

   GdYV 4:Eu3+ ( .2).     
  /     

 (  , 0G , , 0H , , 0S )  
  DiO 18  DiI 18  , ’    

  /DiO 18  /DiI 18     
 /(DiO 18+DiI 18).     ( ) 

       
[ /(DiO 18+DiI 18)]      
[ /DiO 18]  [ /DiI 18]       
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    /DiO 18  /DiI 18,   

    )/( DiIDiODiO III   . 
    ( 0G , 0H  0S )  

,   K      
.      .3. 

 
 3 

       
 /  

 , K K , -1 Gº, 
/  

Hº, 
/  

Sº, 
/

  
 

293 0,55×104 -20,9 

75,2 

328,3 
303 0,32×104 -20,3 315,2 
313 3,12×104 -26,9 326,3 
323 11,1×104 -31,2 329,4 
343 23,9×104 -35,3 322,2 

  

293 0,26×104 -19,2 

98,7 

402,3 
313 4,44×104 -27,8 404,3 
323 22,6×104 -33,1 408,1 
333 25,5×104 -34,4 399,9 

GdYVO4:Eu3+ 

293 0,78×104 -21,8 

14,0 

122,3 
303 1,13×104 -23,5 123,8 
313 0,99×104 -23,9 121,2 
323 1,48×104 -25,8 123,2 

 
      ,   

 /(DiO 18+DiI 18)     
( 00G ),    0H    ,   

  .  ,    0H  
        

 ,    .   0S  
     ,   

,         
  ( .3). 

 ,       
,          

 ( 0G < 0, 0H > 0, 0S > 0).    ,   
       

    GdYVO4:Eu3+. 
’   «     

  FRET-       
       
     »   
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 ,  .     

    FRET-    
         

.    FRET-  DiO 18  DiI 18. 
      .   , 

       Di 18   
  )/( DiIDiODiI III ,   FRET- ,  

          
        ,   

 .     /(DiO 18+DiI 18)  
  (  )     

    ,     FRET. 
       

 « »  .     
  FRET-  )/( DiIDiODiI III       

 ( . 6 ,  1)   (1)    
( K = 0,008 -1)    (2)   (  )  

/  ( 2/1 = 86 )      .  
    ,    

    ,      
   ,      

.         . 
        5 ,    
    ( . 6 ).      K  

 0,82 -1, 2/1 =0,85 ,   ,    . 
,      GdYVO4:Eu3+  2  

    (   ,  
 DiO 18  DiI 18)       

 in vitro, 2/1     .   
      ( ) 

     ,   
   ( . 6 ). 

    (  )   (  
  2  GdYVO4:Eu3+)      ( ) 

     /     
( )        .    

  ,     
 ,        

 ,       ( .6 , ).  
,      GdYVO4:Eu3+   

       sat ~ 9   
     ( )  

    ( 21  = 0.19 , . 6 , ,  1).  
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,        ’   
  .     

 ( )       
( 21  = 2.56 )     /    
( sat  ~ 50 ). 

 

 
 

 6.       DiI 18 ( , )   
          ( )  ( ): 1 – 

 / , 2 –  /10% / , 3 –  
/ , 4 – GdYVO4:Eu3+/ , 5 – GdYVO4:Eu3+/ / 

, 6 – 2/ ; ( ),( ): 1– GdYVO4:Eu3+/ , 2 – 
GdYVO4:Eu3+/ / , 3 – 2/ , 4 –  

/ . 
 

 /     CeO2     
          GdYVO4:Eu3+. 

  24 ,     ,   
  ( sat  =13 ), . 6 ,  3.   ,  
   24    ,     

GdYVO4:Eu3+/ ,      
/       

GdYVO4:Eu3+/  ( sat  = 7 ), . 6 ,  4.   
          

   . 
 ,   ,    /  

  ,   GdYVO4:Eu3+  2
     

     . 
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    ’      
       
 ReVO4:Eu3+  CeO2    (   

)      . 
1. ,       ReVO4:Eu3+ (Re = Y, 

La, Gd)  -      
        

  ,  ,     ,  
       

/  .      
 « »    .  

 ,  . 
2.       

  ReVO4:Eu3+ (Re = Y, La, Gd)     
,     1,6 /     

GdYVO4:Eu3+, 0,7 /     GdVO4:Eu3+  
  LaVO4:Eu3+,      

     - . 
3.          

   /     
 (  GdYVO4:Eu3+  CeO2)   (    

 )     . 
    , ( K ),   

 ( 2/1 ),      ( aE ),  
  ( pK ),     ( 0G ),  ( 0H )  

 ( 0S )   ,      
GdYVO4:Eu3+  CeO2       

  . 
4. ,   /      

GdYVO4:Eu3+        
         

sat ~ 9 .       
( )    ( sat ~ 50 ). 

5.        
           
      in vitro. ,   

   GdYVO4:Eu3+  2    
  (  ),      

(  ,  ).  
6. ,        

       
,     .  
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7.     J -1   

       GdYVO4:Eu3+,  
     ,   

        
     .  

8. ,   GdYVO4:Eu3+  2
     

     . 
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 ,        
 /  .   ,  

.  
       

     (Förster 
resonance energy transfer, FRET),     

  /      (  
GdYVO4:Eu3+  CeO2)   (     ) . 

,         
      . 

         
 .     GdYVO4:Eu3+ 
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       in vitro, 
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( , ). ,      

   ( )     
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  .  ,    /  
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 : , ,    

,   /  , 
 ,  . 

 
 

 . .      
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   . . , , 2015. 
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,       ReVO4:Eu3+ (Re = 

Y, La, Gd)      
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/  . 
      

/        
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    .    
  «  »    

          
     in vitro. ,   

  –    ,   GdYVO4:Eu3+  
CeO2        

   . 
 : , ,   

 ,  «  –
 »,     . 

 
ABSTRACT 

Tkacheva T.N. Mechanisms of interaction of complexes based on inorganic 
nanoparticles and organic molecules with model membranes and living cells. – Right 
of manuscript.  

 
Thesis for scientific degree of Candidate of Sciences in Physics and 

Mathematics. Speciality 03.00.02 – Biophysics. V.N. Karazin Kharkiv National 
University, Kharkiv, 2015. 

The dissertation work is devoted to the establishment of mechanisms of 
interaction of organic molecules with inorganic nanoparticles based on Re (Re = Gd, 
Y, L ) vanadate and cerium dioxide CeO2, and hybrid complexes inorganic 
nanoparticles/organic molecules with model membranes and living cells. Adding 
cationic dyes to aqueous solutions of inorganic NP results in the adsorption of dye 
molecules on the NP near-surface layer and, in some cases, their ordered aggregation 
and formation of complex inorganic nanoparticles/organic molecules. 

The kinetic and thermodynamic stabilities of the NCs/organic molecules 
complexes based on inorganic and organic nanocarriers have been studied. The 
efficiency and dynamics of different types of nanocarriers accumulation in living 
cells have been estimated. The dye release constants ( K ) and half-lives ( `2/1 ) have 
been analyzed. It is shown that the NCs – cell interaction can be controlled, and 
GdYVO4:Eu3+ and CeO2 NPs can be used as nanoplatforms for intracellular delivery 
of hydrophobic components. 

Key words: nanocarriers, dye, ratiometric fluorescence detection method, 
inorganic nanoparticles/organic molecules complexes, model membranes, living 
cells. 


