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.        -     
5·10 4  0.03 / ,     - 

0.1 / (NaCl  KCl),               
-

. ,         -   
(R2, HR2

+ , H2R2
2+).         

:         
,   ,    . - 

-     

 

. -       
iH+ + jR 

 

HiRj
i+ .           

-   
- .  -   

, , ,   -    
-    [1,2], -

,       ,   [3],     
[4],         [5].     

,                 
( , ) [6].       

( )    , -
,    ;  ,  , -    

[7].       -
,         « »,    

,    , 

 

    
[8].          

-     10 4 

/ ;             
[2,8-10].  ,   , ,   

,     ( , 
) . 

 

    
[2,8-10], ,        

,    ( ),  - 
,         

( ),  ( )  . .               
- 

.      -          

C( .)  2·10 6 /  0.03 / .        
+HR ,       HRCl:  

+

O

COOH

(C2H5)2N N(C2H5)2
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, , ,   
6  3 ,     -         

pH < 1.7 (   [11]),       

 

   
.       

R ,             
R .               

C( .)   (1): 

 

 iH+ + jR  HiRj
i+ ; ji                                     (1)        

(

 

HR

 

R H ) -  

0aK

 

[11]  1
11 .       

 

HR

 

 

R

 

   

( max

 

= 556-557   553-554 , -
,     ),   -    

11lg

 

    

( 11lg

 

= 0p aK

 

= 3.22 [11];      I

  

0). -         
HCl,  C( .)   

10 5 / .   11lg ,     - 

,    1.    11lg ,    

 

 1.  11lg  ( 0p aK )         (18-25 oC)  

11lg

   

-

       

3.2 

  

12 I  0 
3.37 «

 

«

 

12 

 

I = 1.0 / (KCl) 
3.4 «

  

12 C( .) = 0.005 /

 

3.5 «

 

«

 

12 C( .) = 0.005 / ,

 

I = 0.05 / (KCl) 

4.1 «

 

«

 

12 C( .) = 4·10 4 / ,

 

I = 0.05 / (KCl) 
4.1 «

 

«

 

13 C( .)= 2.5·10 3 /

 

3.2 «

 

«

 

14 C( .) = 0.001 /

 

3.25 «

 

 

 

15  

 

3.0 «

  

16 «

 

3.1 «

 

«

 

17 «

 

3.22 «

 

«

 

11 

 

I  0 
3.20 «

 

 

 

18 I  0 
3.36 «

 

«

 

18 I = 0.1 / (KCl) 
3.2 50% 

  

14  

 

4.6 «

 

«

 

14  

 

5.66 90% 

 

«

 

19 I  0 
7.6 

 

«

 

20  
7.42 «

 

«

 

21 I  0 
5.79 91.4 % 

 

«

 

22 I  0 
8.7 

 

«

 

20  
8.7 «

 

«

 

23 I  0 
5.94 

 

64% 1,4-

 

«

 

24 I  0 
6.47 

 

90% 

 

«

 

19 I  0 
5.60 

 

91.3% 

 

«

 

25 I  0         

HR+  H2R2+ c - 
,    [12],   [11,18,22,36]. 

 

   

0p aK

 

(= 11lg )    I [11]. 

 

  / - .     R,    
oR , ,  0p aK

 

= ,COOHpk

  

Tlg(1 )K ,  ,COOHpk

 

-
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(

 
HR R

 
+ H ) [19,22,24,25,36,37];    0p aK

 
= 

,COOHpk .   

,        
C( .),  -   ( )   -      

11lg ,    - 

[12-14],      11lg

 

   [18].  
,     ,  -  

- . 

 

         

[11,12,26-28].          
,    (  ) [29].   -  

,   ,     
+HR

 

      

R ,      

HR X

  

. ,   ,      
, ,        

C( .)  10 4 / [26].   2      

20

 

   
I ,   1.  

2 R R2; 20                                           (2)  

2.

 

    R   [26]; 20 oC  

I , /

   

1.0 (KCl)

 

3.9 (LiCl)

 

4.6 (NaClO4)

 

9.7 (LiCl)

 

max

 

(R), 

  

553-554 555 557 556 559 
. , 

 

532 533 535 533 539 

20lg  (±0.05) 3.31 

 

3.36 4.00 4.40 5.17 

 

 

NaOH   pH 10-12 

 

  . 

 

  -   
: (R)  = (106-108) 103  1 1 .  25 oC.     

R2   .1 .      

[11,12,17],  +HR    .     
pH 1.8-2.0       ,  max

 

  
524 ,    R2 [11,26],  526-527  ( .1 ).           

553-554  (   R),     556-557 . 

,

a)

500 520 540 560 580
0

5

10

15

20

·10-4, · -1· -1

0

5

10

500 520 540 560

)

,

580

·10-4, · -1· -1 

.1 . ):   R ( )   R2 ( )    
4 .6 /  NaClO4, pH 1 0-11 ; ):     pH 2 (HCl)    

1 ·10 4 / , 3 ·10 4 /  7 ·10 4 / .

 

                                      

 

1        ;    / . 
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+HR ,    2+
2H R

  
3% .   -   

[26],     2 +HR

  

2
2 2H R

 

-  
(1.6 1.1) 103 [30],     - 

(1.4·103) [17].  pH 1.3  I  = 1.0 (KCl)    526 [12]. 

 

 
[18,30]      ,    -

,    2HR .         
,        ,       

, ,   [31].         
C6H5COOH OOCC6H5  HF F [32].          

-        
;

 

     

HR

 

 

R

 

.  11lg

 

( 0p aK )     
( .1),            

R ,       oR .  

O(C2H5)
2
N N(C2H5)

2

COO

+
K

T

- 

O(C2H5)2N N(C2H5)2

C

O

O

 

R

       

oR

 

 

( R oR )      

[15,19,21-25,33-36].     R .   ,  TK

 

   
0.01 0.005 [35],   

 

0.1 [21],  90% -   

 

17 [10],  
91%-   

 

59 [25],  ,  ,  90 [36]).         
(  3·10 5 

/ )       [37,38],   -  
,      (HR+ 

 

R + 
H+) [39,40],       [19,41]       

0.01 / [41].   ,   
C( .)        R  HRCl        

[33].  ,         

HRCl /  +HR .      
,        11lg

 

   

( .1).     11lg

 

     

- ,    ,   oR

 

 , -    
-  /

 

[19,21-25,35,36]     

COOH,       R .       

,    R  R

 

.   
,      11lg

 

 -   
pH-        -     

(   

 

).              

HRCl ,       
-  ( ) [42]. 

 

 

 

   

( , HRCl)   ,      
[11,19,21-26,35,36].   
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« . .»   .   NaOH, -        
-     

,       
CO2. -     ( );       

,    9    
1  .  pH         

,      ;      
KCl (   

 

1 
/ KCl);  

 

 .        
pH 1.68, 4.01  6.86.     ( -63-

07, -43-07)  .    ,      
( 5·10 4  0.03 / )   ( 1·10 3  

0.03 / )   55 .       -  
(NaCl,  KCl),    I

 

 0.05, 0.08  0.1 
/ ;            
HRCl.   ;   - 

,             

 

 
5%   3 .      

[11,22],      -46;          
,    

 

   
- . 

 

   

 

       

[42].  

  

  
,      

.       ( - 
,       , -

,       . .)   -  
( «

  

»):  

lkA  = *( , )l kn .                                           (3)  
A

  

   
, k

  

  , 
1 k N , N

  

  , 

  

  ( ,        
), l

  

  
, 1 l ,

  

    ( -    
), *kn

  

  ( -   

)     k -  , 

  

,          
. 

 

    
:

  

    

 

   

 

; 

 

   

[43] 

 

    

 

 - 
(3),     

 

   
A,       -

; 

 

   
[43] 

 

  ( -
)    « »   (3) ;

  

   
[43]       -

; 

 

       
[43]. 

 

       
-  -         

:  -  
A   ;  ;    

( ).         - 
h

 

= 10 pH,    .    -
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[H+] = 10 pH 1
Hf ,  Hf

  
   

,      
.        

- 
.       

  

 -        
.  

,   

  

   , 
,   ( ,    ). 

  

          
-        

« -  
» [44].      ,  -      

-   
[M].        

,      ,  -     
,    

1/ 2
k k kw ,  k 

 

  , M Mk k k , 
2

k kw ( )

  

  k- , 2 ( )k k ,  -  

.      k 

 

   
[45].        

,          

| k|.      

k,     - 

newL .   newL

 

   ,    
,    .   -  

[44]        newL

  

-  

( ) jB : 

M,
1

M,
Y

j j
j

B                                           (4) 

,
1

new

Y

L j j new
j

B L .                                    (5)     

Z  ,    r -
,   Y

 

= Z 

 

r,       Y     
,      

(4,5)        .    

newL

 

  

,   

 

M, ,
1

/ [ ]
new

Y

j jL j
j

G B                                      (6)      

 

[44].  ,  -  
,  1)

 

    

 

     

k    ; 2)

 

      

newL ,           

G     .   newL

 

        
,     -        

.      
,  ,  - 

« - » (3)  ,     -
,      « »   
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,        .  

,       ,       
,   -  

,       
,       -

.         
-      

- ,        
.     -  

,     ,      
,             

:  -     

 

 
- ;     

( - ),  ,       
.   -      
CLINP 2.1    

[43,46,47].         
2,         

- [48].   
,       f = N 

 

z  

 

2 2 2
0 ( )fs f .                                    (7)  

z 

 

   ,   

 

2 2
0

1

1 N

k
k

s
f

,                                               (8) 

2 ( )f

  

100 -   2  f       

 = 0.05) [49].        
( -

) [50].   N    g- ,      
,      

k

 

   - dg = wk
( k

 

- k ).     N         
- 

 

N
2 2
0 g

g 1

1
s d

N z
                                             (9)   

-    ,              

.   - 

 

  
« - »,         -  

(« »):      -    
-     

|dg| ,      ,             
- .     

 

    

[26]      -    
,     ,   

, ,    [29].    -  
[26]       

.  C( .)  4·10 4  9·10 4 / , pH 10-11,   
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554  524  : 20lg

 
= 3.275 

(0.08)2, 2(R ) 10 3 = 93 (4)  225 (6)  1 1, .    
(R) 10 3  108  40, .  ,  

,   ( .2).   ,     
,   .  C( .)  6·10 5  

6·10 4 / ,  pH 10-11  I

 

= 1.0 / (KCl)      

20lg

 

= 3.25 (0.08),      . 

 

       
( .2) -  

11lg

 

= 3.22  20lg

 

= 3.25 (

 

I

 

= 0.1 : 3.30  3.30, -
),      [11,26],  - 

. ,  11lg

 

 20lg

 

  0.3   -        
-    

HR+  R2.  

0

pH

NaOH, 

a)

10 20 30

2

4

8

10

12

6

0

pH

, %

)

50 100

2.5

3.0

3.5

4.0

4.5

5.0

 

.2 . ( ):   20  0 .01958 /    (HRCl)  
NaOH   ; ( ):   0 .0039 /     

NaOH      - 

( )     ( ).

 

        

- 
C( .).              

[H+].   
[H+] = 10 pH · fH 1       fH, -   

[51] ( 0.1 /    NaCl  
KCl  fH  0.85  0.83, ).    wk, 

,     r([H+]) = 0.069,  -     

(pH) = 0.03.  ,     
,     . 

 

 

 

.

 

     -    
HRCl 5·10 4 / ( : 0.1 / 

NaCl).          
H+, HR+, R, R2     

 

11lg

 

(H+ + R 

 

HR+).  

                                      

 

2           . 
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: 11lg

 
= 3.50; 2

 
= 42.3 > 2

10f (

=0.05) = 18.3, . .   .    

 

  

k 

 

     ( 2  
.3).  .3        :      

 

  
+  R,   B,  | k| -

, 

 

 +  R2.           
+  R2:   
+ + 2R = R2

+ , 21                                        (10)      
,    

: 11lg

  

,       ,    
HR+         0.01 %    

; 21lg

 

= 7.37; 2

 

= 16.7 > 2
9f ( =0.05) = 16.9, . .   

2   .     -  

k ( 3  .3),      k    
.     :  -       

« »,    pH     
HR2

+     . 

 

         

R  HR2
+.    (6) ,    -         

-  
HR3

+. ,       H+, 
HR+, R, R2, HR2

+  HR3
+ ,     -

: 2

 

= 14.5 < 2
9 ( 0.05) 16.9f ,   HR3

+   - 

  

   

10%  C( .).     
( .4) ,   31lg

 

(H+ + 3R 

 

HR3
+)  

« - »,        -     
.  - 

 

   

21lg

 

= 7.40 ( .3).  -    -     
HR3

+   . 

 

3 4 5 6 7

-2

-1

0

1

2

3

4

2

0

3

1

BA

NaOH,

3.6

3.8

4.0

4.2

4.4

pHk

 

1 2 3 4 5 6 7 8 9 10 11
4

6

8

10

lg 31   

 

.3 .   k  -  
.

 

1 

 

-  

, 2 ,3

  

k, .   
.

 

.4.   lg 31  

- .

 

       

.

 

 -     
,   

pH = 1.8-2.0    C( .) 1.0·10 4-1.0·10 3 /    559 
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529  (  0.013 ).   [11,26]  

 
-      

.4. 

 

 

20lg , 21lg

 

    

 

   

,       

11lg  (H+ + R  HR+)     HR2
+. ,  -  

11lg

 

= 3.50 (0.05)         
[11],    

 

      

sr(A) = 0.05: 2

 

= 18.25 < 2
10f ( =0.05) 

= 18.31.           
-      

C( .) = 1.6·10 3 / (  

 

 
KCl, 0.1 / ) ( .3). 

 

 

3.

 

 

 

        

  

c0(R), 
/

 

 
-

, 
/

 

lg 21 lg 22 lg 30 lg 31 
2

 

f 
2
f

 

( =0.05)

 

1

 

5 10 4 0.1 NaCl

 

7.40 
(0.01)

    

9.4 5

 

9.5

 

2

 

1.6 10 3

 

0.1 KCl 7.27 
(0.01)

    

13.5 16 26.3 

3

 

4.0 10 3

  

7.25 
(0.01)

 

10.32 
(0.01)

   

9.2 35 49.8 

4

 

5.0 10 3

 

0.1 KCl 7.22 
(0.02)

 

10.35 
(0.05)

   

1.8 15 25.0 

5

 

0.02 0.1 NaCl

 

7.27

 

10.4 
(0.4) 

6.5 
(0.5) 

11.0 
(0.6) 13.5 7 14.1 

6

 

0.03 0.1 NaCl

 

7.27

 

10.1 
(0.15)

 

6.40 
(0.18)

 

9.9 
(0.5) 11.5 8 5.5 

 

,    -    ;

  

-   
;

  

  . 

 

  
.

 

   -     
- 

HRCl 0.004 / (  
)  0.005 / ( -

: 0.1 / KCl).      
R, R2  HR2

+      

. ,    C( .) = 
0.005 /   2

 

= 43.3 

> 2
10f ( =0.05) = 18.3,   -  

k         
+  HR2

+.      

  

+ + HR2
+  H2R2

2+,                                    (11)       
( .3).             

HRCl 4.0·10 3 / ( .3). 

 

      
.

 

, -       
HRCl 0.02  0.03 / 

(  

 

 NaCl, 0.1 / ). ,    - 
,   ,      

4.

 

   
( , 1 1)   

 

 

, 

 

- 

 

554 

 

524 

 

R 1.08·105 4.03·104 

R2 1.0·105 2.24·105 

HR+ 1.1·105  

 

4.0·104  

  

 

559 ;   

 

 529 . 
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C( .) 

 
0.02 / .   «   

»,       ,   ( .5). 

 

  

,       k      
R  HR3

+   ,   [R]

 

< [HR3
+] - 

k < 0,   [R] > [HR3
+], , k > 0.  , , ,    

,       .  -   
( .5)  ,           

, ,  , -     
2

 

     ,        
.   , , -       

,          
.  .5             

HiRj ( -
):   

i j

i j
j

j [H R ]
100, %

j [H R ]c                                  (12)   

2.5 3.0 3.5 4.0 4.5 5.0

0

10

20

30

40

50

60

5

4

3

2
1

c, %

pH

)

2.5 3.0 3.5 4.0 4.5 5.0

0

pH

2

31

4

5

)

10

20

30

40

50

60

70

c, %

 

.5 .         ;

 

): C( .)

 

= 4·10-3 / ; 1  H2R22+, 2  HR2+, 3  R2, 4  HR+, 5  R; 
): C( .)

 

= 0.02 / ; 1 

 

H2R22+; 2 

 

HR3+; 3 

 

HR2+; 4 

 

R3; 5 

 

R2;  -  
HR+   3 .9%,   R 

 

6.7% ( .  ). 

  

 

-   .

 

   -
,       HRCl  - ( -

CD)    : 0.01 / . ,  -CD      
,      [27]. 

 

   
,   ,     .  

C( .) = 3.9·10-3 / ,    NaOH    
( .2 ).   ( .6)  , , -

,    : 

 

 R2  ,     
HR2

+  ,   . 
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5.

 
       C( .)=0.02 /

  
 

-
-

 

 - 

 

lg

 

2

 

f 
2
f

 

( =0.05)

 

   

  

1 

R 
HR 
R2 

HR2
+ 

H2R2
2+ 

 

3.22 

 

3.25 

 

7.27 

 

9.70 (0.15) 

46.5 9 16.9  3 R = R3  

2 

R 
R2 

HR2
+ 

H2R2
2+ 

R3 

 

3.25 

 

7.27 

 

9.62 (0.12) 
4.9 (0.4) 

23.4 8 15.5 H+ + R3 = HR3
+

 

3 
( - 

-
)

 

R 
HR 
R2 

HR2
+ 

H2R2
2+ 

R3 
HR3

+ 

 

3.22 

 

3.25 

 

7.27 

 

10.4 (0.4) 
6.8 (0.5) 
11.1 (0.6) 

13.5 7 14.1  

4 

R 
HR 
R2 

HR2
+ 

H2R2
2+ 

R4 
HR4

+ 

 

3.22 

 

3.25 

 

7.27 

 

10.12 (0.15) 
9.31 (0.20) 
13.73 (0.25)

 

10.8 7 14.1  

5 

R 
HR 
R2 

HR2
+ 

H2R2
2+ 

R5 
HR5

+ 

 

3.22 

 

3.25 

 

7.27 

 

10.01 (0.10) 
12.15 (0.14) 
16.72 (0.20)

 

7.9 7 14.1  

6 

R 
HR 
R2 

HR2
+ 

H2R2
2+ 

R6 
HR6

+ 

 

3.22 

 

3.25 

 

7.27 

 

9.96 (0.08) 
15.05 (0.14) 
19.17 (0.15)

 

5.7 7 14.1  

 

   

,    -        

k; 

 

  .   

6.

 

      (3.9·10 3 / )   
-CD (0.01 / ), 25 oC  

 

lg

 

2

 

f 2
f( =0.05)

 

H+ + R  HR+  

2R  R2  

H+ + 2R HR2
+

 

3.45 (0.005)   

: R2 

  

6.03 (0.02) 

18.3 43

 

59.3 
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.

 
    

,   ,            
(R2, HR2

+, H2R2
2+).   

C( .)       :         
,   , -   

.  -CD       -   

 

  
" " HR2

+,        

 

.          
[28, 29, 41, 52];         

,  -         
. 

,    R  HR+    -
: 1.2·104, ,   R  R (2·103):    -    

-

  

    « -
»  C6H4 COOH OOC C6H4 ,   -      

.   , , -  
(    ,  -  
[12,17,52])  ,     R, - 

HR+  HR+ ( : 5·103).   ,    -   
,       Cl .   

,        - 
,      -    

pCl   .    [53],     
HR+,     3  6 ,     

;   1:1    
(2.5 1.2) 105, max

 

= 575 , max = 48·103.  
,   R3  HR3

+        

,   ;   [54],   - 
HRCl         max

 

593 ,        
J- [54].              

-    
,        

(  

 

)   ,   -   
,     . 

 

           

 

 

[55,56]. 

  

1.   -     (R)  - 
5·10-4 /  ,     R   

R+,  R2  HR2
+. 

2.      (~0.004-0.005 / )  -    
R2, HR2

+  H2R2
2+,        

25% .

 

3.        , 
,   ,   ,       

10% . 
4.         -        

 

iH+ + jR 

 

HiRj
i+, ji: 21lg

 

= 7.25-7.4; 22lg

 

= 10.1-10.4; 30lg

  

6.4-6.8; 

31lg

  

10. 

5.     -   R2      
HR2

+ ,   .

 

6.   ,              
,     
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Kharkov University Bulletin. 2002. 573. Chemical Series. Issue 9(32). Yu.V.Kholin, 
N.O.Mchedlov-Petrossyan. Protolytic and association equilibria of rhodamine B in aqueous 
solutions.  

The protolytic and association equilibria of rhodamine B in aqueous solutions were studied. The 
treatment of the curves of potentiometric titration of the salt HRCl with NaOH within the concentration 
range 5 10 4  0.03 mol·l 1 (ionic strength, as a rule, 0.1 mol·l 1, NaCl or KCl), was carried on using 
chemometrical methods of data analysis, by successive modification of equilibrium models. Spectropho-
tometric data were taken into account as well. It was concluded, that association of rhodamine B in 
solutions not restricted to dimer formation (R2, HR2

+ , H2R2
2+). With the increase in dye concentration, 

at least trimers were revealed in solutions. The addition of -cyclodextrin strongly suppresses the 

association processes. The most probable values of equilibrium constants were determined for the 
processes i H+ + j R  Hi R ji +.   


