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3.1.    .     

( . 1)        
2- -   2-

-   N- ( )    
( . 1).      

 
 

(2,4- ,

 
3,3'-  4,6-

-1,3- )   (4,4 -(1,3- -
)- , 4,4 - (2,2- )-   

4,4'-(4,4'- )- )          

( )      ( . 1).           
1 .   

H2N R NH2
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Q
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O
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Q
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O

O
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O
X
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n
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O X

Br
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R
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OH

 

H2N NH2

OH

 

H2N NH2

OHHO

 

H2N NH2

HO OH

 

. 1.

 

     (X = H, CH3).    

1

 

   

 

 

 

f* [ ], /
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- 

 

O O

N N

O

O

O

O OC

O

CH3

CH3
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n

            1
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N N

O

O

O
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O
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f * -   c  

 
( 

 
N,N- ,  

 
N,N- ).       

2- - 
, . .    f,         

(6.5 8.5 . .)     2- -  (1.9 . .)    
1 ( . 2). 

 
  
,     (Br )     

- - ,     
(KI).    

 

(       
0? ,    

 

  
)

 

    KI    

 

   
100 .% ( . 1).     
-  - . 

     

. 2.

 

 1   2,4-  
4,4 -(1,3- - )-  

(1), 1 ( . 1, Mn = 21·103, MwMn = 
2.4) (2)       

,   
1 (3).     

1          

- - , 

 

[ ] = 0.018·M0.69, ( 3/ )

 

    

,  2

 

.           
.   ,      
1         

.        

 

  

. 

  

 

2

 

-   1

 

 

   

Mw·10 3 Mw/Mn Mw·10 3 

[ ], /

 

( , 20? )

 

22.1 2.0 24.0 0.203 
35.0 2.3 39.7 0.242 
67.0 2.8 57.6  
61.0 2.2 68.8 0.437 
115.3 2.3 105.2 0.517 

 

   

. 2 

 

     
, 

 

    
1 (f = 96 100%)    . 
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3.2.      
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ATRP 

 
  (

 
( ), -

 
( ), 

 
( ), -

 
( ), 

) 

 
     (CuCl)  -  

(2,2 - (BPy), 1,1 ,4,7,10,10 - 
(HMTETA)  N,N,N ,N ,N - - 

(PMDETA)

 

  

 

( . 3).   

N

O

O

O O
N

O

O O

O
Br(Cl)

n

m

n
N

O

O

O O
N

O

O O

O

Br(Cl)X

R

Ligand2CuCl

X

R

 

. 3.

 

   . X=H, R=COOCH3, COOC(CH3)3, C6H5; X=CH3, 
R=COOCH3, COOC(CH3)3.   

1   

 

   ,   

 

1,   . 2 (3).     
,          

, 

 

       
,        

.   ,       
,     

.            
( , 

,    .).    
[ ]  0.1 0.4 / ,   ,     
( . 1).       

.     m  

 

   
1      

( . 3). 

 

 
3        

 

       

. 

 

 
ATRP:  30 .%,   

 

/ /CuCl/ =200/1/1/3,  80° ,  

   

T, ?

 

 

 

, , 

  

m ,*  
( 1 )

  

110 20 BPy 10 

 

110 20 HMTETA 20 

 

80 16 BPy 130 

 

80 20 BPy 90 
1

  

80 4 PMDETA 25 

 

110 20 PMDETA 10 
4

  

80 20 PMDETA 

 

2

  

80 20 BPy 60 
5

  

80 20 BPy 100 
5** 

 

80 20 BPy 25 
*        1 .
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COOK
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O
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O
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1/CuCl/BPy/MMA       
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w/ n (  2)     
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1   CuCl/HMTETA  N-  
50?     

20 .% (1)  12 .% (2).   
1/CuCl/ =1/1/200.
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( w/ n 1.3),  

 

     
( . 9, 10).

  

    
CuCl/HMTETA    

50°   40%    20 
.% ( . 10, 1).      12 .%      

~50% ( . 10, 2).  
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N
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O

O O
N

O

O O

O

Br(Cl)X
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n
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O

O O
N
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O O

O

X

R
Br(Cl)

CH3

OCH3O
p

MMA

Ligand2CuCl 
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 -

 
        

1     (X=CH3, R=COOCH3),  (X=CH3, 
R=COOC(CH3)3)   (X=H, R=C6H5).    

4

 

      

 

-     

 

 

 

  

 

-

   

 

  

 

 

1 - -

 

Mn=229·103 

Mw/Mn=5.00 

 

Mn=11.2·103 

Mw/Mn=1.23 

- -

  

Mn=68·103 

Mw/Mn=1.17 
2 - -

  

Mn=93.7·103 

Mw/Mn=1.99 

  

Mn=3.0·103 

Mw/Mn=1.14 

- - 
( - - )

 

Mn=137.5·103 

Mw/Mn=3.27 

- -

 

Mn=79.5·103 

Mw/Mn=1.88 

3 - -

 

Mn=69·103 

Mw/Mn=2.00 

  

Mn=4.5·103 

Mw/Mn=1.40 

- - 
( - - )

 

Mn=300·103 

Mw/Mn=2.00 

- -

 

Mn=33·103 

Mw/Mn=1.10  
ATRP:  80? ;  1:  N- ,   

 

16 .%, /CuCl/BPy/ =1/10/30/1000;  2:  
N- ,    16 .%, 

/CuCl/BPy/ =1/1/3/400;  3:  ,    
30 .%,

 

/CuCl/DNBPy/ =1/1/3/600.

    

  

 

 

1H 
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, - -  - -     
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- ,        
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- - , - -
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,   ATRP -     

- -   - ( . 4, 

 

2)      
.    

  

Mw/Mn 

~1.9.            
- - ,                     

.  
ATRP -         

- -  - - 
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) - -      
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Q
N

O

O
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3.5.                

.   

 
     

,         
. ,   - - ( 

1     n = 25,       
m = 100 130)    A > 40 ,           

 

( 3.1).    
Rg/Rh (Rg 

 

 , Rh 

 

 )    
- -   2, . .     

,       -
-     2 ( . 1). 

 

             

~2 .            
L = m·0.25  = 25 32   

-     

 

     
~10  ~5 , ,  

 

        
. ,    

- -      
.      ,    ,     

,            
.    

,           
,         

- -  - - ,    
1     n = 50        

m = 130       
m = 50  85.         

(45 65 / )      
.        

-    . 
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ATRP                
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, (  DR-1, 4- -4'-[N-
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1  . 
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-          
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,    .       
,  ,    

. ,   - - ,    
1     n ~ 45         

m ~ 16,           

,   ,   

 

(     . . . 
).          

-   . 13. 

  

   

  

                              

 

. 13. - ( )       

( )    

( /Fe3O4/ / - -
)2. (1, 3, 5, 7 

 

, 2, 6 

 

Fe3O4, 4, 8 

 

- - ).

  

       

,    ( ),    
3          

 

(~11 ).              

,        
.              

-  
. 

 

     
- - ,               

,     

 

( . 14),           
. . .   ( ) ( .  

). 

  

N

H
N

N N N

N
H

C R

C

R
N N

CR

R

C

N

N

N

N   

   

. 14.

 

 ( )   Yb(III)- 
( ) (R = CN, Ph, 4-F-Ph).   

 

      

 

- -

 

(   1     
n ~ 16,      m ~ 150)  

Yb(III)- ( . 14, R = CN).     
- -

 

 Yb(III)-       
( . 15).   
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. 15.

 

  ( )    ( )     
- -  Yb(III)- .

   

   

. 15      -
- ,         

Yb(III)    ,        
( . 15 ). 

 

   
. 15 ,      - - 

(~30 )      ,  
16 (   ~2 ).      

- - ,           
,          

.           

,             
, , -

, 

  

 - .

  

    
- -      

,

 

    
. . .               

A 431 ( . 16). 

  

        

  

. 16.

 

   
( . 14 , R = 4-F-Ph)    

- - ( )   
( ).

 

   
20 . 

  

,    - -         

( . 16 ),       
.  ,                

( . 16 ).

 

 
,       

,   - - . 

 

 
,

 

       

 

    
,  

,       
,       .  
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