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 [16, 22, 23]. 
 
 
 

(Reactive Blue 4, RB4, C23H14Cl2N6O8S2,  
 637 -1, . 1 )  

(Eosin Yellow, EY, C20H8Br4O5,  
647 -1, . 1 ) -

.   RB4   EY   

,   
,   

 
, 

 RB4  EY  
, , 

, . 
 
 
 

,  
 

. 
 

 
. 1.  RB4 ( )  EY ( ) 

#  [24] 
* 1 [16] 

 
. 

 

  (98 %)  
 (40 %),  (99 %), 

 (99+%)  
 pH 4.01  6.86 (  

, )  
.  

 (0.1 -1) . 
 KCl (1 -1),  EY 

(1 -1)  RB4 (0.4 -1)  
.  

 
.  

. 
  1, 2, 

 1)  
-

 3-  
 [18, 25]. 

 

 1.  

  1  2 
, 2 –1 110 2 147 2 

*,  25* 4 3.6* 0.1 
, –1 3.28 0.05 3.01 0.05 

+, –1 2.34 1.96 
*  
 

 2  
-

, . 
 1  2, 

 
 

 13  29Si  [18]  [25]. 
 1  
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 20–30  
 20  30 ;  2 

 400–500  
 3.6 . 

+  
 pH-  

.  
 (~0.05 )  20.0  

 KCl  
l  
 (190 -1).  

 
,  

-10603 ,  
-1 3 (  

, ) , 
 KNO3 -

.  
 U-160 Mu ( , ). 

 
. 
 

 0.03,  
 0.1 . 

 
.  

 (~20.0 )  
10.0  EY  RB4 ,  

,  
70  

 RCT IKAMAG (IKA, ). 
 

 4000 -1  5 . 
 
, 

-3 (  
, )  

 0.5 .  
 4.01  6.86  

 595  RB4  4.01  
 520  EY.  

,  
 

,  
.  

,  
 

:  4.01  0.025 –1 
COOKHHOOCC 46 ;  pH 6.86  0.0125 –1 

42POKH  0.0125 –1 42HPONa .  
 

 [26]. 

 (RB4, EY  
+; g, -1)  

 (R, %)  

c

0 ])[)((
m

VSSCg ,                                         (1) 

%100
)(

])[)((

0

0

SC
SSCR ,                                  (2) 

 S – , 0(S)   [S]  –   
 ( -1); V – 

 ( ); m  –  ( ). 
 

. 
 RB4  EY  

 [16], 
,  

 
. 

 
 

 
 

. ,  
 (Q) 

  

S + Q = SQ,                (3) 

 
. 
 
 

  
 [27]:  

][11][1 S
tKtg

S
D QLQ

,              (4) 

 D – , tQ –  
, KL – 

 (3).  
 (1/D)   [S]   

, 
,  

 tQ  KL  
 (1/D) 

 [S],  
 ( ).  

(1/D)   [S] ,  
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 (3) [27]. 

 
.  

 
 ( ).  

,  
,  

.  ,   
-
 

 [27, 28]. 
 

,  
. ,  

, + -
 

.  
,  

   
,  

 
[29, 30]. 

+ 
,  

,  
 

 q)NH(~ 2 ,  
 q .  

+  
: 

,Z
K

Z q

q

q H)NH(~H)NH(~ 2

)(
1

2                 (5) 

,Z
K

ZZ q

q

q 222

)(
2

2 H)NH(~HH)NH(~              (6) 

,Z
K

ZZ qqq

q
q

qqq H)NH(~HH)NH(~ 2

)(

1-1-2       (7) 

 Z– – , )(q
iK –  

.  
 q,  

  = tQ / q  
 )(q

iK , i = 1, 2, ..., q. 
,  

,  
 q = 2,  

 
.  

, 

 q  
.  

. 
 

,  
 

,  
.  

 (An–)  
:  

ZAnAnZ 33 NH~NH~ ,                   (8) 

 3NH~  – ,  – 
. 

 
 CLINP 2.1 [31], 

 
N

k
kkk

2 AA
1

2
 )(w , k = 1, 2, ..., N,     (9) 

 k – , N – 
,  –  

,  )(1w 22
rkk A/ , r 

–  
Ak  r  0.10). 

,  
 (5%)22

f ,  

(5%)2
f  – 5 %-   2  f = N-q 

. 
 

,  
 ,  

,  [27]. 
 
 

 ( , leave-one-out 
cross-validation) [32],  

 ( )  
, 

,  
. 

 
 

.   
 
 

 (5)–(7).  
 Tq

iK }{ )( -
 [33, 34],  
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 [35]. 

 

 
 

 (  2). 
 

 25 ° . 2. 

,  
,  1  

2, .  
20 °  40 °  )(q

iK , i = 1, 
2, ..., 3,  3–12 ,  

 
. 

 

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
7,8
8,1
8,4
8,7

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

6,3

6,6
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

3,9
4,2
4,5

 

 (3)
2lg K

 (3)
1lg K

I, -1

 

 

 

 

 (3)
3lg K

 

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
6,5
7,0
7,5
8,0

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
6,0
6,4
6,8
7,2

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
4,1
4,2
4,3
4,4
4,5

 

 (3)
2lg K

 (3)
1lg K

I, -1

 
 

 

 

 (3)
3lg K

 
  

. 2.  1 ( )  2 ( )  
 ( ) 

 
 2.  (q = 3),  

 25 ° .  
 

 tQ, 
-1 lg TK }{ )3(

1  lg TK }{ )3(
2  lg TK }{ )3(

3  , % 
 4.01) 

, % 
 6.86) 

 1 2.34 8.69 (0.04) 6.198 (0.003) 4.02 (0.08) 85 39 
 2 1.96 8.36 (0.18) 7.17 (0.07) 4.33 (0.03) 90 53 

 
, 

 ( , %) 
 

.  
 0.025 -1,  

.  
 ~4   

,  ~7  
 39–53 %. ,  

,  
 

,  
. 

 
 

 RB4  EY,  ( . 3),  
 

; ,  
 

 (3) 
. 

 RB4   EY   
,  

.  
 ( )  

. 4.  
 pKa:   RB4  

pKa1 = 0.80, pKa2 = 1.44, pKa3 = 7.83, pKa4 = 12.05 
[24],  EY pKa1 = 2.81, pKa2 = 3.75 [36]. 

 RB4 (  
 L4H )  

 1.5–7.8  2
2H L .  

 EY  < 2  
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 H2R  HR–,  
 

 2R ,   >  4   
. 

 

0,00 0,02 0,04 0,06 0,08 0,10 0,12
0,0
0,5

1,0
1,5
2,0
2,5
3,0

3,5

 1:
lg KL=5.45 (0.03)

tQ=49.9 (0.1) -1

 2:
lg KL=4.86 (0.03)

tQ=33.6 (0.4) -1

 

RB4
1/D, -1

[RB4], -1

 

0,00 0,02 0,04 0,06 0,08 0,10 0,12

0,5

1,0

1,5

2,0

 1:
lg KL=5.20 (0.05)

tQ=66.2 (0.7) -1
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1/D, -1

[EY], -1

 2:
lg KL=4.92 (0.05)

tQ=58.9 (0.9) -1
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 ~4  ~7. 
,  

 RB4  1 
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 2
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ZLL
Z

Z~
2H
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NH~
H

NH~

NH 2
2

3

32
2

3

3 .       (10) 

,  (10), 
 

: 18.3  (5%)101.2 2
10

32
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RB4  
 

.  
(l, ),  [37],  

2/1

BET

AQ

S
Nt

l ,                                                    (11) 
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 NA – , -1; SBET –  
, 2 -1.  l  

 RB4 (  4),  
 RB4  

-
. ,  

RB4  
, -

 
 

+: 

ZMLMLZ 2
23

0
2

23 H NH~H NH~ .      (12) 

 
,  (10): 

18.3  (5%)6.89 2
10

2
f ,   

. ,  (12) 
: 

 RB4  
,  

 
: 

100

 
 lg

)t(
)t( lg lg lg

2
2H

0
L

L Z
MK ,                 (13) 

 t(M+) = t(Z-) = 0.025 -1, 2
2H L

 –  

 2
2H L  (  4.01 

2
2H L

 = 99.7 %).  0 lg ,  

 
 (9),  5.37 (0.08),  

 0 lg  = 5.45 
(0.03),  (13). 

 
, 
 

 (1/D)  

RB4 ,  
.  

 q = 2  

Z
Z~

ML~
ML

Z~

Z~ .I,

3

2
23

RB4
02501

2
2

3

3

NH

HNH 
H

 NH

 NH ,    (14) 

Z
ML~

ML~
ML

Z~

Z~ .I,
2

HNH

HNH 
2H2

 NH

 NH
2

23

2
23

RB4
02502

2
2

3

3 ,  (15) 

 RB4
02501 .I, , RB4

02502 .I,  –  
,  

 0.025 -1,  
: 16.9  (5%)1.8 2

9
2

f . 
 

.  
 RB4   

 
 KCl.  

 (14)  (15),  
,  

 
 

 RB4
1 , RB4

2 , , 
. ,  

 0.025  0.79 -1  
 RB4 ,  

10 % (  3).  
,   = 0.025 -1, 

 R . 
 
 
 

(14), (15).  
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2
2

2
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0250RB4
02501

RB4
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0250 
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.  

I,Cl , I,K ,  [38]. 

 2
2H L  

 

Ia.
Iz.

L 331
510lg

2

H 2
2

,                                   (18) 

 z – , a – 
 ( ).  

, ,  
 

.  
 

 [39]  
  = 7 .  

 R  
 (  3),   

. 
 (14)  (15)  

 RB4  
1  (  4.0),  

 (  6.8–6.9)  
 (  4).   

 RB4   2  (  4).   
,  

 1   2   RB4   
 

. 
 

 HL3-  10 %. 
 a priori ,  

 
 RB4. , 

 HL3-, 
.  

: )  RB4  
 
 

 H2L2–;  )   
 

 RB4  
-

,  
 HL3-, . 

,  
 1  EY  

25  °  4.01   
0.025 -1.   ~4   

 2R ,  
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 ( . 3),  
 EY  

 

Z
Z~

R~
R

Z~

Z~ .I,

3

3

3

3

NH

HNH
  

 
  H

NH
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Z
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R

Z~

Z~ .I,
2
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  H2

NH

NH

3

3

3

3
EY

02502 ,          (20) 

,  
 2R .  

 (19), (20) 
  

 5),  2R  
. ,  

 2R   
,  ,   

 6.86,  
 2R  90 %,  

 3 % EY. 
 

,  
 RB4:  EY 

 
. -

 (19), (20) , ,  
 RB4,  

 
 EY.  

 (  3). 
 EY  

,  
 0.025 -1. 

 
 

 

I,R

.I,R

I,Cl

.I,Cl
.I,I,

H  

0250H 

 

0250 EY
02501
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1 lglglglg , 

                                                                 (21) 

I,R

.I,R

I,Cl

.I,Cl
.I,I,

H  

0250H  

 

0250 EY
02502

EY
2 lg2lg2lglg , 

                                                                 (22) 

 HR–  
 (18).  

 R  
 (  3),  

. 
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 3.  

 25 °  4.01 

 
 1 ( 0(RB4) = 98.9 -1)  2 ( 0(RB4) = 99.5 -1) 

R, % R, % 

, 
 

-1
 

RB4
I1lg ,

 

RB4
I2lg ,

  
RB4

I1lg ,

 

RB4
I2lg ,

  
0.025 4.6 10.56 83 (3) 86 4.07 9.20 56 (4) 56 
0.28 4.45 10.27 82 (4) 82 3.93 8.91 55 (5) 50 
0.54 4.41 10.18 76 (5) 81 3.88 8.82 54 (5) 48 
0.79 4.39 10.15 74 (5) 81 3.86 8.79 53 (5) 47 

  
  1 ( 0(EY) = 46.5 -1)  2 ( 0(EY) = 47.7 -1) 

 
EY

I1lg ,

 

EY
I2lg ,

 
 

EY
I1lg ,

 
EY

I2lg ,   

0.025 3.72 7.51 86 (1) 86 3.21 7.42 81 (1) 79 
0.28 3.80 7.67 50 (5) 40 3.29 7.58 22 (4) 24 
0.54 3.82 7.70 39 (6) 29 3.31 7.62 10 (4) 12 
0.79 3.83 7.73 30 (7) 20 3.32 7.65 6 (4) 8 

 
 
 

 4.  RB4  0.025 -1 

t, 
°C pH t Q

, 
 

-1
 

l,  RB4
02501gl .I,  ( RB4

02501gl .I, ) RB4
02502gl .I,

 ( RB4
02502gl .I, ) 

2
f

2 /
 

 1 
20 4.00 46.9 1.97 4.92 (0.22) 4.78–5.15 10.36 (0.06) 10.30–10.40 14.0/15.5 
25 4.01 49.9 1.91 4.6 (0.4) 3.9–5.0 10.56 (0.05) 10.51–10.60 11.1/16.9 
30 4.01 53.5 1.85 4.75 (0.19) 4.54–4.96 10.82 (0.03) 10.81–10.84 3.8/16.9 
35 4.02 59.2 1.76 4.5 (0.4) 4.3–4.8 10.88 (0.03) 10.85–10.90 5.7/16.9 
40 4.02 62.9 1.7 4.5 (0.4) 3.8–4.7 11.02 (0.03) 11.00–11.04 5.5/16.9 
20 6.87 23.5 2.79 *  9.19 (0.05) 9.15–9.23 2.0/14.1 
25 6.86 24.1 2.75 *  9.10 (0.05) 9.06–9.15 2.7/14.1 
30 6.84 24.7 2.72 *  9.58 (0.01) 9.57–9.59 0.3/14.1 
35 6.84 26.1 2.65 4.58 (0.07) 4.39–4.61 10.09 (0.01) 10.07–10.10 0.2/15.5 
40 6.83 32.9 2.36 5.37 (0.05) 5.25–5.40 10.31 (0.03) 10.28–10.35 2.0/14.1 

 2 
20 4.00 34.0 2.68 3.8 (0.4) 3.63–4.26 9.06 (0.05) 9.03–9.08 2.8/14.1 
25 4.01 38.0 2.53 4.07 (0.3) 3.7–4.4 9.20 (0.06) 9.19–9.24 5.9/15.5 
30 4.01 43.5 2.37 4.28 (0.25) 4.17–4.56 9.39 (0.06) 9.36–9.41 6.9/15.5 
35 4.02 47.0 2.28 4.61 (0.17) 4.54–4.84 9.59 (0.06) 9.55–9.61 10.6/15.5 
40 4.02 50.0 2.21 4.89 (0.12) 4.85–5.05 9.85 (0.06) 9.80–9.87 12.1/16.9 
20 6.87 18.9 3.59 * * 7.9 (0.07) 7.84–7.97 3.8/14.1 
25 6.86 21.2 3.39 3.7 (0.3) 3.5 4.1 8.10 (0.12) 7.92–8.16 1.9/16.9 
30 6.84 26.2 3.05 4.04 (0.13) 3.98–4.22 8.23 (0.10) 8.16–8.28 1.5/14.1 
35 6.84 28.5 2.93 4.11 (0.18) 4.03–4.32 8.55 (0.10) 8.48–8.59 2.8/14.1 
40 6.83 33.0 2.72 4.31 (0.15) 4.25–4.49 8.65 (0.11) 8.58–8.70 4.3/14.1 

*  
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 5.  EY  0.025 -1 

t, 
°C pH t Q

, 
 

-1
 

l,  EY
02501gl .I,  ( EY

02501gl .I, ) EY
02502gl .I,

 ( EY
02502gl .I, ) 

2
f

2 /
 

 1 
20 4.00 58.0 1.77 3.43 (0.06) 3.41–3.46 7.40 (0.02) 7.39–7.42 4.0/14.1 
25 4.01 69.0 1.63 3.721 (0.005) 3.707–3.728 7.508 (0.003) 7.505–7.512 0.03/15.5 
30 4.01 81.2 1.50 3.84 (0.01) 3.81–3.84 7.782 (0.002) 7.777–7.784 0.3/16.9 
35 4.02 91.0 1.42 3.897 (0.007) 3.886–3.899 7.977 (0.003) 7.975–7.978 0.1/19.7 
40 4.02 98.9 1.36 3.998 (0.004) 3.996–4.003 8.110 (0.002) 8.109–8.111 0.04/19.7 

 2 
20 4.00 44.0 2.36 2.96 (0.05) 2.94–3.00 7.364 (0.006) 7.36–7.37 0.05/12.6 
25 4.01 54.3 2.12 3.22 (0.10) 3.15–3.44 7.42 (0.02) 7.40–7.45 0.8/14.1 
30 4.01 65.5 1.93 3.43 (0.07) 3.36–3.49 7.55 (0.02) 7.54–7.56 1.6/15.5 
35 4.02 70.1 1.87 3.50 (0.03) 3.49–3.52 7.68 (0.01) 7.66–7.67 0.3/16.9 
40 4.02 78.1 1.77 3.60 (0.01) 3.58–3.60 7.770 (0.004) 7.766–7.771 0.1/18.3 

 
 

 
.  

 
 

,  
 EY   RB4  

 4  5). 
 
 

 
I,

I,
I,K

1

2
2

 

1,I (  1,I  
, ), 

 
 

:  

Z~

Z~

3

3

NH

NH  

. 
 
 

, ;  

,  
.  

 
 (  6),  

 
RB4

02502 .I,  EY
02502 .I, ,  

.  
,  

, ,  
 
 

. 
 
 

:  90–95 % 
 

 ( . 5). 

 
 6.  RB4 (  (15))  EY (  (20)) 

RB4 EY 
 H0, -1 S0, -1 -1 H0, -1 S0, -1 -1 

 1 
4.00–4.02 58 (6) 394 (21) 66 (5) 368 (17) 
6.83–6.87 113 (21) 557 (71)   

 2 
4.00–4.02 69 (5) 408 (17) 38 (3) 268 (9) 
6.83–6.87 68 (9) 385 (31)   
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ms/V, -1  
. 5.  mc/V   1 (25 ° ,  4.01) 

 
, 
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 > 8  

,   
,  

 
.  ~100  

           
5–30 -1 50  NaHCO3  

 70 -1  90–95 % 
,  

 
 5  / . 

 

 
 
 

.  
 
. 
 
 
, 
 

.  
 
 
 

.  
 
 
 

. 
 
 

, ,  
 
 

. 
 
. 
, 

 (  100 -1)  
,  

 
. 
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Adsorption equilibria of anionic dyes Eosin Yellow and Reactive Blue 4 
on amino-containing ormosils 

 
O.S. Tkachenko, . ikhraliieva, .V. Panteleimonov, R.V. Sukhov, Yu.V. Kholin 

 
V.N. Karazin Kharkiv National University 

4 Svoboda Square, Kharkiv, 61022, Ukraine, kholin@karazin.ua 
 

Adsorption of anionic dyes Eosin Yellow and Reactive Blue 4 by amine containing ormosils has been studied. 
The probing of the material surfaces with the H+ ions has been used to characterize quantitatively protolytic 
equilibria of immobilized amines. The Langmuir adsorption model is too simplified and does not provide the correct 
description of the dye adsorption. The adequate description of adsorption equilibria as well as the reasonable 
presentation of chemistry involved in the adsorption processes was achieved within the framework of the model of 
polydentate binding. This model takes into account both the real ion exchange mechanism of the dye binding and the 
positive cooperativity effects influencing the adsorption equilibria. The effective sorption capacities of the studied 
materials in respect to the studied dyes reach 100 mol·g-1. The high values of the constants of adsorption equilibria 
evidence that amine containing ormosils are efficient adsorbents for removing anionic dyes. The weakly acidic 
medium provides high degrees of the dye adsorption, while the regeneration of the adsorbents should be performed 
with the use of weakly alkaline solutions. The amine containing ormosils remain full sorption capacities after at least 
five adsorption-desorption cycles. 

Keywords: amine containing ormosils, Eosin Yellow, Reactive Blue 4, ion exchange, adsorption 
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