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.

 A,  D 
:

2
1

[A] [A][B] ,d k
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1. 

1.1. -3. -
. ( )

 [1]. 

. 

.
 RX  Y

 Y,

 R–Y:
 SN Y: + (R : X)  (Y : R) + X:,
 SR Y  + (R : X)  (Y : R) + X ,
 SE Y + (R : X)  (Y : R) + X.

, 
 SN,   Y: –

. 
 OH–,  2 , NH3, 

 –  ( 3)3 Cl:
H–O–H + R–Cl  H+ + H–O–R + Cl–.

 (SR) 
 Y

.
 (SR) 

. 

6 5)3  + +  ( 6 5)3
+ + 2 .

, , 
,  H+, Ag+, Hg2+.

, . . 
.
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 30- .  ,  

, .
 SN2 

 Y:  (R : X). 
, 

:
Y: + (R : X)  [Y…R…X]  (Y : R) + X:.

. .
:

OH– + CH3Cl  [HO…CH3…Cl]–  CH3OH + Cl–.

. 
:

W = k2 [CH3Cl] [OH–].

.
 SN1  .  -

, , -
:

(R : X)  R+ + :X–,
, , – :

H2O + R+  ROH + H+.

 R +X –. -
, 

.  SN1 -
:

+
3 3 3 3(CH ) CCl (CH ) C +Cl ,

3 3 3(CH )C OH (CH ) COH.
-

. , -
. :

W = k1 [(CH3)3CCl].
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,  1935 ., 
 SN1.

 R+

.
, 

: SN1  SN2.
.

, 

W = k1[RX] + k2[RX][OH–].
 –  SN1,  – SN2.

 [2–4]. 
 [5, 6], -

, -
. -

-
, , 

.
:

(CH3)3CCl + H2O  ( H3)3COH + HCl.
 SN1 -

, -
CHCl:

,HCl
HCl HCl

dC k C C
dt

ln .HCl

HCl HCl

C kt
C C

-
 CHCl. :

( ),d k
dt

     (1.1)
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 – 
. 

ln ,kt      (1.2)

0( ) 1 exp ( ) .t k t t         (1.3)

k, .
1. 

(1.3), ,  k  t0.
2. ,  (1.2).
3.  (1.1), 

/d dt k.

: 40 %- -
;  50 ; 

25 ; - ;  «  4120»
; ; -

; .

. 
».  « » 

».  « » .
 « ». 

. , 
 30 .  « ».

-
.

 25 , -
,   1–2  -

. -
.
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, -
.

 « », 
. 

, .

 50  ,   99  ,  
».

 Dcom. -
 « ». -

, .
.  ( ,

K-3 Ivanov), . 
 « \data2013\ »
.  Dcom.

-
 WordPad. .

 Origin.

 Origin. 
 Origin1 .

(Worksheet).
File, Import  >

ASCII, 
.  ,  

: « »  « -
». .  «

» , 
. 
, Set Column Values,

col(B) – col(A) 30*col(A), Do it.
 «A»  30.

1  Origin-5.0.
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 t
 «A»  « ». Plot -

Scatter.
, X(Y) axis title, -

, -
. , 

. .

Analysis, Non-linear curve fit.
 «K-3», . . 

0(1 exp( ( ))),y A k x x
 K-3.  ,  

: More Basic Mode.
Start fitting. -

. , . . -
 Active dataset. -

, k 0 . 1 Iter
10 Iter. , 

, k 0 , Done!
, 

.  
Window Graph1. , 

: k – 
A – . 

 – k Results
.

 Project. File
Save Project as. , 

\data2013\ ».

. 
, -

. ln t.

. k
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. -
 Origin .

, , 
Window.  Worksheet . 

olumn > Add new columns.
. , -

,  1. , ,
 = 1,234. ( A , , .)

 «C»,
Set Column Values, col(B) – col(A) -

ln(1.234/(1.234 – col( ))), Do it.  ,  
,  – 

, .
ln t.  

Plot Scatter.
»  « » X Y.  ,

Analysis > Fit linear. , -
.  ln(C/C0) t, 0  –  -

- , 
. .

,
 (1.1). -

t. Analysis  >  Calculus  >
Differentiate. / ,d dt -

, . -
, Worksheet.  

 «B » – /d dt . 
. -

Plot Scatter. Select Columns for
Plotting  « » X,  «B » – Y

OK. . -
k , Analysis  Fit

linear. , . 
 Project.

.
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1.2. -4. -
. ( )

a b – .

OH
C – OH .

3 2 5CH COOC HOH
y b C a C  – .

0  – .
 – , 

.
 – , 

.

, -
. 

1907 . 

.
:

CH3COOC2H5  + OH–   CH3COO–  + C2H5OH.
           a–y              b–y                    y                    y

:

3 2 5
.OH

CH COOC HOH

dC
kC C

dt
y,

( )( ).dy k a y b y
dt

11 ln .
( ) 1

y b
k t

b a y a
     (1.4)

 (1.4),  
b, -

a -
y:
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.OHy b C   (1.5)
b . -

a
.

, 3, -
i :

.const OH OH Ac Ac
C C (1.6)

const – , -
 Na+, 

, 
.

Ac OH
C b C

,  (1.6) 
.const OH OH Ac Ac OH

C b C (1.7)
( 0)

0 .const OH
b     (1.8)

, 

.const Ac
b     (1.9)

 (1.7)–(1.9), :
;

OH OH Ac OH
C C

0 .
OH Ac

b b
,  ,  

:

0
OH

C
b

, 0 .
OH

C b      (1.10)

,  (1.10) 
, -

.
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. 1.1. 
-

 (a) 
 (b): 1 – (a < b); 2 – (a = b); 3 – (a > b); 4 – (a >> b)

, 
. 

,  –  ( . 1.1).

:
–  NaOH ;
– 3  50 ;
– ;
–  50  200 ;
–  «  4120» ;
– ;
– ;
– .

0

4 3 2

1

t
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 « ».
 « ». 

»  « »,  « » 
.

 « ». 
. , 

 30 . , 
 25 .

 « ».
,  « » -

: 
» ( : « » – ). -

-
, 

Dcom .

, -
 KCl 0,01 

.

 25 . 
 « ».  « », « » 

.  « », « » -
,  « ».

 3   50  NaOH -
 (  0,02 ) , 

 15 .
 15   1.  

 200 . 

. -
 – .

 2 . .
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 2  NaOH, 
-

.  2  NaOH 
.  ,  

. . 
.

, -
 25 , .

,
.

1.  3.
2.  50 . 

. 

 – . 
 « »,  

, -
 30 .

3. , . 
, .

4.  50 -
.  99 .

 1 .

.
-

 25 .

 « ». -
 Dcom .  20–30 

 « ». -
 – . .

 ( ,  K-4  Ivanov),  
. 
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 « :\2013\ -
».

 Dcom. , .

,  ,  
.  WordPad.

 (*.txt).

Origin. -
, -

. .

 Origin. 
 Origin .

(Worksheet).
File, Import  >

ASCII, .
.

-
: « »  « ». 

.
 «A» ( ) ,

 (30 ).  
, -

Set Column Values, col(B) – col(A)
30*col(A), Do it.  30.

File > Save Project As,  Project -
 « \2013\ ».

 2 

. .
 1.

,  
. 

.
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 Origin  « »  « ».  
Plot Scatter. -

. 
, X(Y) axis title

, .

, 

.
Analysis, Non-linear Curve Fit…

ExpDecay1,  .  .  -
0 1 0 1exp ( ) .y y A x x t  –  ,  

 – : More Basic Mode.
Start fitting. -

. , . . -
 Active dataset. 

, , 1 = –1, y0 = 1, t1 = 1000.
1 Iter 10 Iter. , 

, k 0 ,
Done!

, 
.  Window

Graph1.  ,  
t1, . 

 – Results
.

-
a -

. , , 

OH
a b C 0 .

OH
C b

 (1.4), -
, 0.
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OH
C , 

 (1.10):

0 .
OH

C b

, , 0 = 4,2   = 1,5 / , b = 0,0202 .
 «B». 

Worksheet . 
Column, Add new

columns… .  «C», «D»  «E».
 «C» , -

Set Column Values, col(B) – col(A)
((col(B) – 1.5)/(4.2 – 1.5) 0.0202,

Do it. ( ,  4.2, 1.5  0.0202 
0, b.)  «C»

OHC . 
, 

– , .
y, -

 (1.5).  «D» ,
Set Column Values, col(B) – col(A) -

0.0202 – col(C),
Do it.  «D» y -

.
 (1.4), , : b – -

 a –
, .

OH
a b C

a, , 
. , , a = 0,0095 M, b = 0,0202 M.

 (1.4):
11 ln ,

( ) 1
y b

k t
b a y a
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. -
a b  ( -

a b ):
            (1/(0.0202–0.0095)) ln((1–col(D)/0.0202)/(1–col(D)/0.0095)). (1.11)

 «E» , -
Set Column Values, col(B) – col(A)

 (1.11), Do it. 
 –  (1.11). , -

, . -
 – , -
.

.  «E», -
. Plot

Scatter. .  -
.

, -
Analysis Fit linear.

Results . 
: 

. 
. . -

,  .  
.

 Project. File
Save Save as.  «

\data2013\ ».

-4
 1, -

-
. -4 

.
 2.

: 0 .
Ac OH

C C -
,  1. 

 = , -
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 1. -
, -

.
 3. -

: 0 .
Ac OH

C C
,   1.  

 (1.4) . 

0

1 1 ,kt
C C

0 –  ( , 
, ).

 4.
: 0 .

Ac OH
C C

 2. -
, ,

-
:

0 0exp( ).
OH OH Ac

C C k C t
, 

», 
, 

.
 5. -

.
 0,02 , 

: 0,005; 0,01; 0,02;
0,03; 0,05 . , -

. -

, 
.

,
.
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1.3. -5. -
. ( )

. -

 Cl–, 
.

Cl

NO2

NO2

O2N +    C2H5OH
KF

OC2H5

NO2

NO2

O2N +    HCl

-
,   KF.  -

, , :
F ROH RO HF.

, .

,  KF -
.  

( ) ( ),dx k a x b x
dt

 –  Cl–,  – -
, b – . 

(b – ) 
HCl + KF = HF + KCl.

gN 3. 
 35–45

 0,01 .
-

.
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: «
» :

–  100 ;
– 2  50 ;
– 7  50 ;
– 2  100 ;
–  10 ;
–  10 ;
– 2 ;
– ;
– ;
– ;
–  «  4101»;
– ;
– ;
– ;
–  0,25 ;
–  0,02 ;
–  0,02 N;
– .

gN 3 ,
. -

 Cl– .
-

 0,01 N 
KCl.  50  5 -

 KCl,  15–20 
 0,02 N gN 3,  .  

gN 3

, . -
. 1.2.

, -
 0,01  100 . 

 1  100 ,  40 ,
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. 1.2. : 1 – -
-131Cl; 2  –

-10101; 3 – 2, -
 KN 3 ; 4 –  «  4101»;

5 – ; 6 – . 
 5 gN 3

. -
, .  2 

50  40  3  50 
 30 . 

 15 .  35, 40  45 .

 « ».  « », « » 
.  « », « » -

 « ».

, -
 2   1,  

 3, , .
 1  10 .

2 , 
.
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 10 
.  10  1 
 10 , 

. 
, 

.

. 
 0,05 , -
. -

, 
 200 , -

 0,05 . 
,  8–10 

, . -
-

.  6–9 -
 7–15 .

-
 ( -

).  S- , -
, 

 – . -
 Cl–

. .

, AgNO3  =
[Cl–] a–x b–x

)(
)(ln1

xab
xba

ab

.
)(
)(ln1

xab
xba

ab
, -

.
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-3– -5
1. : ,

, , .
2. , 

? ?
3. ?
4. ?

?
5. 

.
6. -

?
7. 

.
8.  «  4120».
9. -5 -

?
10. .
11. ?
12. ,

-5.

-3– -5
1. .

. .: , 1959.
2. . ., . ., . . -

. .: , 2003.
3. . . . -

: .: , 2002.
4. . . . .: .  « -

», 2005.
5. . .

 // . 1960. . 1. . 4. . 528–
536.

6. . . . 
: . . : ,

1967.
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2. 

2.1. -6. ) (II) 
. ( )

 – 
.

Ph HH

H PhH

+  2NH2Ph
O

C N
Cu

O

CNO C

O
Cu

OC

kO
+   2H2O

2 2 2 2Cu(Salald) 2NH Ph u(Salim) 2H O.
k

           (2.1)
 (2.1)  [1]. -

, -
. 

k -
. , 

u(Salald)2] << [N 2 h]
) 

,  [1]:
21

1 2 1 ,ndC k
dt

k – , 1 – 
 [ u(Salald)2], 2 – 

[N 2 h], n2 – , 2
2 .nk k C

0 0
1 1 1, 1 ,k t k t

PC C e C C e                        (2.2)

CP – .

t
1 1 ,P PD C C                                     (2.3)
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1 P  – 
.  1 .

,  N 2Ph 
.

1 P  (2.2)  (2.3), :
0 0
1 1 1 1 ,k t k t

PD C e C e
0 0 0
1 1 1 1 1 ,k t k t

P P PD C C e D C e
0

1 1 ,k t
PD D C e

0
1 1ln ln ,PD D C k t

ln ,D D const k t                             (2.4)

D  = 0
1 PC  – 

.  (2.4), k
ln D D t.

k -
 ln(k )  1/T.

, 
 [ u(Salald)2]. -

k ,  ln(k )  ln[N 2 h]  
.

:
– ) (II);
– , ;
– ;
–  5 ;
–  0,5 ;
– ;
– 5  10–20 ;
–  “Shimadzu UVmini 1240”3;

3 . 10.
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–  1 ;
– , .

1  670 , 
u(Salald)2. -

u(Salald)2] -
, . -

,  N 2Ph
.

.
 1. .

 50  0,01  Cu(Salald)2 .
 3 . 

, 
1,5 . , , 

30  20 .  30, 40  50 . 

. k . -
, .

-
D . , -

, 
 40 ,

D
.

 2. .
 1 k

30 : 1,0; 1,3; 1,5; 2,0; 2,5 .
.

 3. .
-

 1 .  2 
k  30

: 0,3; 0,5; 0,8; 1,2 .
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. -
, .

-6
1. . ., . ., . .

 // . 1984. . 58.
. 2. . 273–291.

2.2. .
( )

CH3COCH3  +  I2   CH2COCH2I  +  HI
,  .
. 

:

. -
,  .

. -
 I2  ( ),  

. , 
. 
.

, k
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. -
 H3O+. , 

,
-

,  – -
. 

2 3 3 2[CH C(OH)CH ][H O].W k       (2.5)
, 

(1) 3 3 2

3 3 3

[CH C(OH)CH ][H O],
[CH COCH ][H O ]PK       (2.6)

 (2.5) 
(1)

2 3 3 3[CH COCH ][H O ].PW k K       (2.7)

(1)
2 .Pk k K       (2.8)

. 
 = 350  ( )  = 410  (

).

-7.

. 
, ,

. 
CA CH .
 (2.7) 

( )( ) 1 1 ,P P P
A P H P A H

A H

Cd C CW k C C C C k C C C Cdt
    (2.9)

 – .
,  (2.9) 

 ( .
 (2.7)).  (2.8)

 – k . -
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-
-8.

, 
I , -

, . . 
A  CI H  CI, / 1P AC C / 1.P HC C -

 (2.9) 

.   (2.9)  

W = k CA CH.

.
A H

k
W

C C
    (2.10)

, 
-

D :
1 ,dD

W
l dt

    (2.11)

 – , l – . , -
 (2.10) -

 (2.11) 
1 .

A H

dD
k

C C l dt
    (2.12)

, k D
t dtdD . , 

, -
.

-7 -
: , , , , -
:  200 , 4  50 , 6 

 100 ,  1, 5  10 . -
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 Agilent UV VIS 8453 ( ), 
1 , .

:
–  –  1,0 10–3  (

);
–  B –  1,00 

).
 200  .  -

 10 %-  KI (  30 % ), 
,  200 .

 A   50  
:

0,5 10–4 0,75 10–4  1,0 10–4 1,5 10–4

 –  –
.

.

, M HCl, M , M
1 0,1 0,1 1,0 10–4

2 0,05 0,1 1,0 10–4

3 0,1 0,05 1,0 10–4

4 0,1 0,05 0,7 10–4

5 0,15 0,1 1,0 10–4

6 0,1 0,15 1,0 10–4

 100 -
:

–  3/4, 
;

– -
 A  B ( ,  1 –  10 ).

-
:
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– 
 20  0,7908 3,  .  =  58 ), 

, ;
– , ;
– , -

410 . : D < 0,05.
 Agilent UV VIS 8453
. 10.

D
t ( / ).dD dt  (2.12),

k . -
-

, , 
. , 

.
E -

k0
. 

k
E k0.

: , -
, 

, -
 ( ).

.

-8.
-

k2
-

 (2.5) 
2 2[AH ] ,A AW k k C k C     (2.13)
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 [AH+] – 
, k – ,  – -

, 
[AH ] ,

[A] [AH ]
    (2.14)

 [A] – 
.  (2.14)  (2.6), , 

 [A] + [AH+] -
, , 

, 

(1)

1 .
1 1 / ([H ] )PK

    (2.15)

 (2.13)   (2.15)  

2
2 (1) .

1 1 / ([H ] )P

kk k
K

    (2.16)

k
D t, 

( / )dD Dt
 (2.13):

1 .
A A

dDWk C C l dt
    (2.17)

 (2.16) , 

:

(1)
2 2

1 1 1 1
[H ]

.
Pk k k K

    (2.18)

, k -
 HCl,  (2.18) 

k2
(1).PK
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, -
 = 350 .

1.  A  B ( -7).
2. -

:
1,0 10–4  2,5 10–4  5,0 10–4  7,0 10–4  1,0 10–3

3. , 
 0,1 , 

7,0 10–4  HCl:
0,05 0,07 0,09 0,10 0,12 0,13 0,14 

-7.
4. , ,

-
-

 350 . .
5. D  =  D(t). ,k

 (2.17). ,  (2.18),
k2

(1)
PK

.
: , -

, , 
, k2

(1).PK
.

-7 -8
1. .
2. 

? 
 [H3O+] .

3. , 
,  – .

.
4. 

 (HA). 
?
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2.3. -9.
. (

)

0 exp ,aW W E RT
 – , W0 – -

,  ( ) -
.

, 
ln(W)   1/T, , -

.  « -
».  ln(W)  1/T

, -
,   –  

, -
. 

, , -
 –Rln(W) . -

, , , -
 – . 

, , . .
, 

. -
, .

-
 ( -

). -

 [1].
 K2S2O8 -

 KI :
S2O8

2– + 2I–  I2 + 2SO4
2–.
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, 
. -

, -
.
-

.

2 2 8K S ]O[ .dW
dt

x  (t – t0)
, W -

2 2 8

0 0

[K S O ] .
( ) ( )

xW
t t t t

, 
, 

. ,
, -

 I2 -
:

I2 + 2Na2S2O3 = Na2S4O6 + 2NaI.
,

. -
, 

 (t – t0) 
.

,

0

1 exp ,
( )

aEW
t t RT

(t – t0)  exp(Ea/RT)

(t – t0) .
-

. 
(II) 

.
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:
– 15  100 ;
– 15  50 ;
– 4  100 ;
– 2  10 ;
–  20 ;
–  5 ;
– ;
– ;
– ;
– ;
– ;
– .

:
–  0,09 ;
–  0,01 ;
–  0,2 ;
– 2 %- .

.

 ( , , ) -
 25 :

–  1A, 1B, 1C (  50 ): -
 20  K2S2O8;

–  2A, 2B, 2C (  100 ): 
 10  KI + 10  Na2S2O3 + 5 

.
 (6 .)  15 ,
 1A   50   2A  

100 , . -
. -

. ,  B,  –  C.
-

, , 
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.
, -

,  I2 , 
.  ,  -

. , 

. ,
.

 – 25, 30, 35, 40,
45 . .

, , -
.

-
(II)   K2S2O8  1  0,01 M FeSO4.

 –
15, 20, 25, 30, 35 .

:
(II) (II).

-9
1.  ( ) -

? .
2. 

?  – , 
 – , .

3. 
 1, 2  3 ?

4. 
.

5. 
.

6. 
. . 1, . 8).
7. .

-9
1. Scott P. R. How catalysts work – or don’t? // Education in chemis-

try, 1995. P. 111. may.
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2.4. -10. .
( )

! 

.
 (I)  (

)  (II)  ( -
) ,  ( –), -

 [1, 2]:

3 6 4 2 3 2 2 6 4 2CH CONH-C H -NO + OH   CH CO + NH -C H -NO ,k   (I)

3 6 4 2 3 6 4 2CH CONH-C H -NO    CH C(O )=NH-C H -NO H .aK     (II)
 (II) 
 pH  >  12.   (I)  

, .
 (I) 

n -
k. :

– keff,
, -

;
– K  (II).

 (I)  (II) , 
 P,  (III):

3 2AH + OH   CH CO + P,k          (I)

AH    A H ,aK      (II)

2H O  OH H ,WK
           (III)

KW = [OH–] [H+], 
[A ][H ] [A ] .

[AH] [AH][OH ]a WK K

 [P],
 AH:

[P] [OH ] [AH].nd k
dt

      (2.19)
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 (I) , 
n

. 
 [P], 

[AH] . 
:

0[AH] [AH] [A ] [P], (2.20)
[A ] ,

[AH][OH ]a WK K          (2.21)

[A ] [AH][OH ] [AH][OH ],a
a

W

K K
K

      (2.22)

.a a WK K K  (2.22)  (2.20), 

0[AH] [AH] [AH][OH ] [P] [AH] 1 [OH ] [P].a aK K
, 

) 0 0[AH] [P] [AH] [P][AH] , b) [A ] [OH ] .
1 [OH ] 1 [OH ]a

a a

K
K K

    (2.23)

 (2.23 )  (2.19) -
 [AH]:

0
0

[AH] [P][P] [OH ][OH ] [AH] [P] .
1 [OH ] 1 [OH ]

n
n

a a

d k k
dt K K

 [P] -
 [AH]0. -

, 
keff  (2.19) 

[P] [P] [P] ,eff
d k
dt

    (2.24)

[OH ] .
1 [OH ]

n

eff
a

k k
K

    (2.25)

0
0

[P] [P]ln ( ).
[P] [P] effk t t          (2.26)
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 [P]0, [P]  [P]  –  -
, t. -

 [P]0 = 0.
 ( . -10), 

D( )4:
0

0ln ( ) ,eff
D D k t t
D D

        (2.27)

,eff
dD k D D
dt

 (2.28)

D0, D D – 
, . 

keff. keff  (2.25),
n. 

[A ] ,
[AH][OH ]aK -

  .

1– 3, -
, 

,   100  %.  ,
-

aK .
, : D  – 

,  
, 0

iD  –  6–7 
, -

. i – 
,  « » , 

-

4 , 
-

.  = 380 , 
.
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t =  0,   [P]  =  0.
 (2.23) 

0[AH][AH] ,
1 [OH ]aK

          (2.29)

0[AH] [OH ][A ] .
1 [OH ]
a

a

K
K

          (2.30)

l, :
0

0[AH] [A ] [AH] [A ] [A ] ,i AH AHA A
D l l l l

0
0[AH] [A ] .i AH AHA

D l l

 (2.30) 0[AH]AHA
l C,

:
0

0 0
[OH ][AH] [AH] ,

1 [OH ]
a

i AH AHA
a

KD l l
K

0 [OH ] ,
1 [OH ]

a
i

a

KD D C
K

0 [OH ] .
1 [OH ]

a
i

a

KD D D C
K

(2.31)

, 0[AH] .AH l D
1 1 1 1 .

[OH ]aD C C K
(2.32)

, (1 )D 1 [OH ]

, .aK
 (2.27) keff

.D

 (3–4 ) 
, -

,  70–80 . D
, 

.
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keff

.D  (2.28), 

eff eff eff
dD k D k D const k D
dt

, ,dD dt
dD dt D

keff..  ,  ,  -
.

, -
:

– keff,  (2.27)  (2.28);
– ,aK  (2.32);
–  [OH–],  (2.25), -

ln 1 [OH ] ln( ) ln[OH ].eff ak K k n            (2.33)
 (2.25) 

k.

:
– ;
–  (10 );
– 2  N Cl (300 , );
– 2  N  (100 , );
– :  100  – 1 .,  50  – 8 .;
– :  10  – 2 .,  20  – 1 .;
– c  Shimadzu UVmini 1240 ;
–  1 ;
– ;
– .

, -
 – .

 AH
 AH (12,6 ) 

100 ,  10 . -
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 ( -
 70 C)  

.  AH 
 7 10–4 .

 « »

 – « », : 
 = 380 ,  –  6000  (100 ), -

 30 . 

40–50  50 .
. 

. 10.
. 

 1–7 
.  2.1.  

 50 .
 2.1

1 2 3 4 5 6 7 8

NaOH, 
2,5 5 7,5 10 12,5 20 30 0

AH, 
5 5 5 5 5 5 5 5

NaCl
42,5 40 37,5 35 32,5 25 15 45

 50 .  
 NaOH, 

 NaCl  40  ,   5   AH,
.   NaCl  

, .
, 

, , ,
.

 1 .
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 8 , 
.  50  5 

AH,  2 M  NaCl. 
, D  ( .  -

 (2.29)–(2.31)).
-

.

1. D t .
2.  keff ,

 (2.27)  (2.28). -
 dD/dt t  dD/dt D.

3. D(t) t = 0 
0.iD

4. D = 0
iD  – D , . . 

, .
5.  1/ D  1/[OH–] ( . (2.32)).

aK , aK apK . ( aK = aK KW).

6. ln 1 [OH ]eff ak K ln[OH ]

.  (2.33)).
7. n -

k.

-10
1. .
2. . 

?
3.  (2.26).
4.  (2.27).
5.  8?
6. -

.
7. -

.
8. Ka?
9. n?
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-10
1. Pollack R. V., Bender M. L. The Alkaline Hydrolysis of p-Nitro-

acetanilide and p-Formylacetanilide // J. Am. Chem. Soc. Vol. 92.
P. 7190, 1970.

2. . ., . .
. .: , 1976.

-10
 (2.27)

, 
 AH, t

0 0

0

0 0

[P] [AH] [A ]

[AH] [P] [AH] [P][P] [OH ]
1 [OH ] 1 [OH ]

[OH ]
[P] [AH] [P]

1 [OH ] 1 [OH ]

[P] [AH] [P] [AH] [P] ,

P AH A

P AH aA
a a

aAH A
P

a a

P P

D l l l

l l K l
K K

K
l l

K K

l E l E l E l

[OH ]
.

1 [OH ] 1 [OH ]
aAH A

a a

K
E

K K
,   [P]  –  

t.

0[AH] [P]PD E l E l
, 

0[AH][P]  =  .
P

D E l
E l

(2.34)

 [P] D,  (2.34), 
t, t = 0 t = . , 

 (2.34)  (2.26),     (2.27):

0
0ln ( ),eff

D D k t t
D D

.
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3. 
. 

3.1.  – 

0
1

0

1 exp ,n

Gk Tk
h C RT

         (3.1)

k – , C0 –  (1 ),
n – , 0G  – 

.
-

, , -

, i:
ln .S i iG RT (3.2)

-
:

0 A B A B
0

0

1 exp ,k T Gk k
h C RT

(3.3)

k0 –  ,  -

.
 (3.3),  –

,    -

. -
  -

. -

 [1].
-

 –
:
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2lg ,i iAz I 21 ,
2 j j

j
I C z                       (3.4)

zi –  ,  -
, I –  ( ), A – , -

 0,509 
 25 o . j -

, .
 (3.3)  (3.4) 

, 
z1 + z2, 

0 1 2 0 1 2lg lg 2 lg .k k z z A I k z z I (3.5)
,  (3.4) -

-
, I <  0,05  .  

 – .
-

:
2

lg .
1

iz A I
i aB I

(3.6)

B –  ,  
,  – , -

.  25
aB  1  –1/2. , -

 (3.6),    –
.

 (3.6)  –  (3.3) 
:

1 2
0lg lg .

1
z z Ik k

I
(3.7)

 (3.7) 
 1 .
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3.2. -11. 
.

( )
- 

2 2
2 8 4 2S O 2I 2SO I

:

1) 2 2
2 8 4 4S O I SO SO I  ( ),

2) 2
4 4SO I SO I  ( ),

3) 2I I I  ( ).
, 

.
-

- , -
.

-
.

:
–  50  – 4 .;
–  200 ;
– ;
–  2  5 ;
–  20–25 ;
–  – 2 .;
– ;
–  1 .

:
1) 0,13  KI     –   50 ;
2) 0,13  K2S2O8 –   50 ;
3) 0,2  KCl     – 200 .

 « », : 
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 = 350  ( 3I ), -
, -

. 3I
 350  2,5 104 /( ). 

. .
10.

.
, 

.

 50 :
1) 1,0  KJ;
2)  0  20,0  (  1 ) .

 50  .
 3,0 

 (  –
1 ). 

 120 . -
. 

.

. 
3I ,

k. .

 (
KCl) 

, , .

 lg(k) I , 
.

. 3.1  3.2.
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 3.1
. -

 ______  ______ 

KCl,
KCl, I

1 0
2 2
… …

 3.2

KCl, k
. . I lg(k/k0) I

1
2

…

  

. -
. -

,  ASCII (  .csv). 
 Shimadzu UVmini 1240 

. 
. 10.

 lg(k) I . ,
 – .

.
, -

. ,

.
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3.3. -12. 
.

( )

-12 -11, -
. , 

, . -
. 3.1 

-11.
-12 

, -
.

2 2
2 8 4 2S O 2I 2SO I

.  
. 

, 
.

W – , a  (a – ) – 
 S2O8

2–, b  (b – 2x) – -
 I–, na  nb – .

( ) ( 2 ) .a bn nW k a x b x
, x a b

.W k const
 (3.5)  (3.7) 

, , 

W0 , -
k.

, 
, 

. -
,    

 I2
:
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I2 + 2Na2S2O3 = Na2S4O6 + 2NaI.

. -
,  

t, , -
x, -

t:

0
1.W k
t

:
–  50  – 11 .;
–  50  – 5 .;
–  5  – 2 .;
–  10  20  –  1 .;
–  – 3 .;

:
1) 0,01  Na2S2O3;
2) 0,13  K2S2O8 – 50 ;
3) ;
4) 0,2  KCl – 200 ;
5) 0,13  KI – 50 .

-
, 

. 
 50  

:
–  1 ( , Na2S2O3) –  1 ;
–  5 ( , KJ) –  4 ;
–  3 ( ) –  2 ;
–  4 (KCl) – 0  20 . 3.3;
–  45  ( !).
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 3.3
 4 (KCl), 

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

4 0 2 4 6 8 10 12 14 16 18 20

-
 4 -

 2 (K2S2O8).  K2S2O8 -
,  ,  -

. 
.

, -
. , 

, 
. 

 10  15 . -
 KCl .

. -
, -

 W0. 
, , 

W0
k. . 3.4.

 3.4

t W0 lg(W0) I

 lg(W0)
I .  

 – . 

.
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 –  (3.5)  (3.7).
. -

, -
.

3.4. -13. -
. ( )

, ,
 (I)  (II),

-
 R+  Cl–, 

 [2].

. 3.1. -

, 
, :

R+ + OH–  ROH,

2
[R ] [R ][OH ].d k
dt

 [OH–] >> [R+], k2[OH–] = k1 const:
0

2 1
[R ]ln [OH ] .
[R ]

k t k t

,
:

0
2ln [OH ] .D k t

D
(3.8)
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:
– 100  5 10–4  I  II;
– 200  5 10–2  NaOH;
– 250  1,0 M Na2SO4;
– ;
– .

, 
. 

-
, .

-
 = 590 . ,

, . . -
: ,  (30 ) 
,  -

.
 1.  100  5 
.  4  Na2SO4,  

 80  .   4   NaOH.  -
,  .   5  

 30 , -
. -

. 3.5. D0
, , .

 3.5

t, D [OH–], ln(D0/D) I,
I

 2–4. , 
10  NaOH 12, 16, 20  NaOH. 

 (3.8),  ln(D0/D) , -
k1 . 

 ln(k1)  ln[OH–], 
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.  [OH–] 
k2,  k2.

 5–9.  1, 
 4  Na2SO4  9;  16;  25;  36    49 

 Na2SO4. , -
 ln(D0/D) , k1 k2.

I  5–9.
 ln(k2) I ,  ln(k2) I  = 0,

k2 . 
 –

.
, -

 –  (3.5)  (3.7). -
, -

.

-11– -13
1. -
. .

2. 
. 

.
3. -

?
4.   -

?
5.  (3.4), 

?
6.  (3.5)  (3.3)  (3.4).

-11– -13
1. . . -
, . .: , 1972.
2. Turgeon J.  C.,  Zaller  V.  K. The Kinetics of the Formation of the

Carbinol of Crystal Violet // J. Am. Chem. Soc. Vol. 74(23). P. 5988,
1952.
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4. 

4.1.
 ( ). ( -

)

 2- -6,8- 1Ar H 2 2Ar N ,
,  4.1. -

, 
 B, 

1 2Ar N=NAr
 BH+.

SO3
- H(D)

O-

-O3S
+ n-Br-C6H4-N2

+
k1

k-1

SO3
- H(D)

O

-O3S

N=N-C6H4Br
k2

SO3
-

O-

-O3S

N=N-C6H4Br

-Ar1H-
Ar2N2

+

Ar1N=N-Ar2-

+  B +  BH+

-

SO3
- H(D)

O

-O3S

N=N-C6H4Br

. 4.1. .  –

. -
-

.
, , 

C–H(D) , . 

, 
.
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-14 .

keff , 

2k 3k . 
k1.

 = 7. :
1

1

2

3

1 2 2

1 2

2 1 2 3

1)   Ar H Ar N                          ( ),

2)  B Ar N=NAr BH              ( ),

3)  H O Ar N=NAr H O        ( ).

k

k

k

k

 3 
.  

 1 , 
. 

:

1

1 1 2 2

] .
Ar H Ar N

kK
k

                            (4.1)

1 1 2 2

1

Ar H Ar N
[ ] .

k
k

  (4.2)

, 
), 

 2  3 :

1 2
3 2 2

[Ar N NAr ] [H O][ ] [B][ ],dW k k
dt

    (4.3)

1 2 1 3 1 2
2 1 2 2

1 1

[Ar N NAr ] [H O] [B] Ar H Ar N .d k k k k
dt k k

    (4.4)

 (4.4) 
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1 2 1 2
3 1 2 2

1

[Ar N NAr ] [ ] Ar H Ar N ,d k kk B
dt k

1 2
1 2 2

[Ar N NAr ] Ar H Ar N ,eff
d k

dt
     (4.5)

effk  – , -
. , 

,  [B] 
-

:

1 2
3 3 2

1

[B] [B].eff
k kk k k k
k

           (4.6)

1 2Ar N NAr , .

 – 1 2Ar N NAr , a – 

 2- -6,8- 1Ar H ,

 – 2 2Ar N .  
,  (4.5) 

( )( ).eff
dx k a x c x
dt

, 
1 1ln .

( ) 1 eff
x a k t

a c x c
            (4.7)

 (4.6) keff
 [B], 

2k  = 1 2

1

,k k
k

,  Y, – 3.k

 [3], 
1

2 1 2,5 M .k k , 
k1.

-14 :
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– 2- -6,8-  (
 – );

–  ( -14 );
– ;
– ;
–  ( . . 93,13);
– 1 N  HCl;
–  (  = 7,0);
– ;
–  25  – 6 .;
–  50  – 3 .;
–  0,1–1,0  1,0–5,0 ;
– ;
–  (“UV-mini-1240 Shimad-

zu” ),  1 .

.
1. ,  = 7,0.

 1 : 0,78 NaH2PO4 + 7,1 Na2HPO4 + 3,73 KCl.
2. : 0,05 .

 1,9 
 100 .

3. : 0,05 M .
:

4. : 0,035  NaNO2 10 -
 ( ).

5.  0,02  T = 0–5 .
 25  0,086  (0,0005 ) -

,   1,5   1  N  
. 

. 
10  NaNO2,   25  -

. -
 0 .

, -
. 

.
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 400–540 . 

. -
. , -

.  10 , 
 5  ,   425   520  .   10  

, .

-14
.

 25  15 .
 1 , .

  1,0;  1,5; 2,0;  2,5;
3,0 , .

 1 . ,
, 

. ,  3/4 
. , -

. 
.

.
. 

, 
 1,5 .

D
. 

1  .   1  ,  -
, , -

 5  10 , -
 1,5 . .

, 
. 
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 “Shimadzu” , 
. 

,  ASCII 
. 

. . 10) -15, -16.
 ( ) -

. -
, 

.

D
 425  520 -

: .D lx D  (D )
 Ar2N2

+. , 
-

 Ar2N2
+, . . x  = c. 

;D lc ;Dl
c

.Dx c
D

 (4.7) 
( )1 ln .

( ) eff
D D c a k t

a c D D
    (4.8)

a  – -
. 

, -
.

 4.1
keff

a, c, (a – c), c/a D

keff -
 (4.8). 

 Excel -
 Origin.  

-4,  ( . . 20, 21).
keff . 4.2.
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 4.2
2k 3k

[B], keff , –1 –1

keff  [ ]. 

(4.6), 1 2
2

1

k kk
k 3.k

k1, , 1
2 1 2,5 M .k k

    -
a c, D ,    -
D – t ( ), 

 (4.8), keff  [B], 
2 ,k 3k k1.

,  – .

-14 .  ( ) -

. , 
-14 , -

. 
-

H D .eff effk k -
, 

.

1Ar H ,  .  4.1.  
H
effk D .effk

, -



68

-14 . , 
, .

-14 , -
.

 25  0,019 
.

 15–20 , .
 3,0 , .
 1 .

.
,  -

, , 
 3/4, .

-
.

(~ 6–10 ). , 
 0,5–0,6.

, 
. 

D(t) 
.

. 4.1. -
 (4.8), D .effk -

. , 
H ,effk -

.
-

a c, D , -
D – t, 

(4.8), H
effk  [B], 

.
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 ( )
-

, . 
 ( ).

 ( )  (D) -
 – / .H Dk k

.

0

0

1 exp ;
B

Ek T qk
h C q q RT tr rot vib ,q q q q            (4.9)

k –   ( –1 –1), k  – ,
C0 –  (1 ), q – -

, q qB – , E0 – -
. qtr, qrot qvib ,

.

,  C–H .
,  C–H  C–D 

-
 [ B]. 

-
 B, -

:

1; 1.
H D H D

B B B Btr tr rot rot

q q q q
q q q q q q q q

, ,
, -

 C–H  C–D,  
:

1 exp /
.

1 exp /

D
C H

H
C Dvib

h kTq
h kTq
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, -
.

 C–H  C–D, . . -
 (4.9):

0 0exp ( ) / .H
H D

D

k E E RT
k

. 4.2 
.  ,  

, A.

. 4.2. 
 C–H  C–D.  C–H(D)

E0 – 
, , , 

E0D , E0H, kD < kH:

0 0
/ 2 / 2

exp ( ) / exp

1 1exp ( ) exp 1 .
2 2

H DH
H D

D

H D
H D

H

A h A hk E E RT
k k T k T

h h
k T k T

1exp 1 .
2

H H D

D H

k h c
k k T

, 
–1,  –1,  .  .  , 
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.   C–H  2800 –1.   T  =  300  

13 10,6 10 c ,k T
h

1200 ,k T
c h

1 .
2

HD

H D

m
m

   

1 2800 1exp 1 exp 14 0,15 8.
2 200 2

H

D

k
k

.

4.2. -15. 
. ( )

:
2 NO + O2 = 2NO2.

-
: -

, . . .

,  NO  O2, -

, .
, 

NO – , -
 NO2, -

, -
. 

,  « » 
, ,  421  (23800 –1).

: ;
 UV-mini-1240 Shimadzu ( ); -

 100 .

-

. 
. 
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-
.  -

.
-

.

, 
5 10–2 . , 

 ( ),
 NO 

 100  ,  .  
, -

5. -
 100  ,   NO .  ,

, , 
, ,  NO.

. 
 NO2 .  

 NO  100 , 

5–7 . . -
 N2O4 .

 NO2  400–600 
.  NO2 .

,
.  10.   421  ,

 900 . , -
 NO, . .

AUTO ZERO.

5  1,05 3.
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, 
.  10 , ,

,  2–3  ( -
), .

, 
 NO.

-
 F4 (SavCurve),  F2 (Save), 

, . , 
,  1 ENTER. .

,  ,   –  .  
   F1 (End).

RETURN,
Mode Menu  F3 (FileTrns).

 UV Data
Manager  (UV  Dt  Man)  ,  -

.
 NO 

70  130 .

 NO 100 , 
,   O2/N2
. -

.

 Origin.

. 
. 

Excel, 
 ( )  Origin.

 NO .
-

 NO2 . 
. , -

, , ,
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, , . , -
 ( -

, ), 
,   10  – 

.
, 

, :
0

01 2 .NO
NO

NO

C k C t
C

 NO . 0
NO NOC C

2 2 2
.NO NO NOC C C

02

2 2

1 2 ,NO
NO

NO NO

C k C t
C C

02

2 2

2 ,NO
NO

NO NO

C k C t
C C

k  = k3 C , k3 – -
, C  – .

-
. 
02 ,NO

D k C t
D D

D – , D  – 
 « ». 

  ,            
 {D / (D  – D)} – t. -

k .
:

0

ln ,NO

NO

C k t
C

D D . 
 NO.
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. 
 ln(W)  ln(CNO), W – -

 NO, CNO. 
2NO NOdC dCW

dt dt
.

 Origin , 
Analysis > Calculus > Differentiate Diff/Smooth. 

W t, ,
, , 

,  Worksheet6. 
 ln(W)  ln(CNO), 

NO. 
 NO, 

(D  – D). , 
,  NO .

 ln(W)  ln(D  – D), -
Plot Scatter. -

 «X»   «Y», 
, Y, OK.

, Analysis Fit
linear. , .

k . k  = k3 C
 (  21  %),  

k3. 

NO .
 k3

 2NO + O2 =  2NO2
, , E0 =  0,  -

-
, , . 

6  Origin 5.0. 
.
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 k3 , 
.

-14 , -14 -15
1. -

.
2. , -

. -
, .
3. -

.
4. 

NO ?
5.  ( )?
6. . 

?
7. , 

?

-14 , -14 -15
1. . .

.: , 1972.
2. . . .

: .  « », 2009.
3. Zollinger H. Kinetische Wasserschoffisotopeneffekte und allge-

meine Basenkatalyse der Azokupplung // Helv. Chimica Acta. Vol. 38.
 6. P. 1597–1616, 1955.

-14 , -14 -15

.  ( )
 ( - ) 

, 
 ( ):

A B  P.PkK
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2 P P[ ][ ] [ ... ] [ ][ ].W k A B k A B k K A B          (4.10)

k2

2 P .k k K
K

:
... 0exp ,A B

N
A B

q EK
q q RT

                            (4.11)

... 0
2 P exp ,A B

A B

q Ek k
q q RT

                         (4.12)

qi – , E0 – .
-

1

1 exp .vib
hq

k T
kP, .

, -
. , 

(4.10)  (4.11) .  (4.10) KC,
 (4.11) – KN. , 

3,  (4.12) -

... 0
2 P

( / ) exp ,
( / )( / )

A B

A B

q V Ek k
q V q V RT

                  (4.13)

. . « »  (4.12) – , -
, . -

, 
, 

3/2

2

2 .B
tr

mk Tq
h

(4.14)

 (4.12),  (4.13), -



78

 (4.14). 
 [1/ ].

. , -
. 

 – 
:

PAB (A...B) P.kK

 A–B 
, . -

-
q, 

 – q . , 
, -

1 1

1 exp 1 1 ,vib
h h k Tq
k T k T h

k  – . 
,  (4.12), 

0 0
1 exp exp .p p

AB AB

q q E k T q Ek k k
q RT h q RT

, –1

A–B kP, :
0

1 exp .
AB

Ek T qk
h q RT

:
0

2 exp .
A B

k T q Ek
h q q RT

, 
5.
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5. 

5.1. -16. -
. ( )

, 
. 

, 
. 

. 
 S- , 

.
, 

.
 (

) , , 
.

A  B
 B 

[B] [A] [B].d k
dt

x  [A] ,
. . x = [A]0 – [A] ,  [B]   

[A], :

0 0
[A] [B] [A] [B] .dx d d k x x

dt dt dt
(5.1)

, 
, 

 A . 

0
[B] [A] [B] [A],d k k
dt
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0 0 0 0

0
0 0

[A] [B] [A] ,

[A] [B] .

dx k x x k x
dt
dx kk x x
dt k

 [ ]0 =0, 
0

0[A] .dx kk x x
dt k

 (5.1)  ,   [ ]0
k0/k.  (5.1) 

0 0
0 0

0 0

[A] ([B] )([A] [B] ) ln ,
[B] ([A] )

xk t
x

, ,
0 0

0 0

([A] [B] )
0

([A] [B] )0

0

[B] 1
.[B]1

[A]

k t

k t

e
x

e
   (5.2)

0[A]
x , 0

0
0

[B]
[A]

, 

 (5.2) 
0 0

0 0

(1 ) [A]
0

(1 ) [A]
0

1
.

1

k t

k t

e

e
   (5.3)

,  (5.1), 
k

 (5.2)–(5.3).
,  [ ]0 << [A]0. 

 (5.3) 

0 0ln ln [A] .
1

k t    (5.4)

ln
1

t, 

k [A]0 k.
, 
, 
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, 0

: 0
0

0

.
[A]
k

k
, k

0 , 
, k0.

 [1]. 
, 

4MnO 2Mn :
2 2 3

4 4MnO Mn MnO Mn .k    (5.5)
 Mn3+

 CO2  Mn2+:
3 2

2 2 4 2H C O 2Mn 2CO 2Mn 2H .
, , . 

, 4MnO ,
 MnO2:

2
4 2 4 23MnO 2H O 2MnO MnO 4OH .

, :
2

4 2 2 4 2 2 22MnO 4H C O Mn MnO 8CO 2H O 4OH .
 (5.5) 

 [ 4MnO ]  [Mn2+]:

4 0 0
2[Mn MnO ] [ ] .

2
dx xk x
dt

 (5.6), (5.7), , 
 (5.3), (5.4):

0 4 0

0 4 0

(1 ) [MnO ]
2

0

(1 ) [MnO ]
2

0

1
,

1

k t

k t

e

e
   (5.6)

0 4 0ln ln [MnO ] ,
1 2

k t                     (5.7)
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4 0

,
[MnO ]

x 0
0

4 0

22[ ] .
[ ]

n
MnO
M

 Mn2+

 ( , 
,  30 ). 

, 

 Mn2+.
 Mn2+

.
-

k
. 

.  –
MnO2, , – 

 400  .  
 430 , 

4MnO .
 ( 4MnO

MnO2) 

4 24 2MnO MnO
[MnO ] [MnO ] .D l l    (5.8)

4 0[MnO ] :

40 4 0MnO
[MnO ] .D l

, 4MnO 2MnO
 Mn2+, 

2

4 0
MnO

[MnO ] .
2

D l

4

0
MnO

4 0[MnO ]
Dl

2MnO
4 0

2 .
[MnO ]

Dl

 (5.8), 
0 4 2

4 0 4 0

[MnO ] 2 [MnO ].
[MnO ] [MnO ]

D DD
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, 4 0 4 2[MnO ] [MnO ] 2[MnO ],

4 0 4 0 2 0 2[MnO ] [MnO ] 2[MnO ] 2[MnO ] .D D D
:

4 0 0 2 0[MnO ] 2[MnO ] ,D D D D

2 0

4 0 0

2[MnO ] .
[MnO ]

D D
D D

(5.9)

, 
, 

 MnO2 .
 Mn2+,  

 ( ).

:
–  ( 2 2 4*2 2 );
–  0,2 N  (KMnO4);
– (II) (MnCl2*4H2O).

 100 :
–  1 – 0,015 ;
–  2 – 0,0075 ;
–  3 – 0,0025 (II).

 430 ,
 UV-mini-1240 Shimadzu 

l = 1 . 
.

 –  25   5  ,
 –0,1  2,0.

 250 .  200 
,  5  1 

3.   5   2,  
, .



84

, 
, 

. 
, 

 Origin. 

.
 MnO2 (

 3 .

 S-
 ( . 5.1). 

 (D0)   (D )  S-
.

0 5 10 15 20 25
0,0

0,5

1,0

1,5 D

t, min

. 5.1.

,   S-
,  (5.9), t

ln
1

t, t – , 

, 
.

k
 (5.6). 

D

D0
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2
0

0
4 0

2[ ]
[Mn

Mn
O ] 4 0[MnO ] .

2
k

k.
k 0 , 

ln
1

 – t,

 (5.7)  = 0,05–0,95. 
 MnCl2

k 0 , 0
0

4 0

2 ,
[MnO ]

k
k

k0.

-
 ( , 

20–45 ° ). 
 15 . -

, 
ln(k)  (1 / T) -

, .
-16

1.  « ».
2. . 

,  ( ).
3. 

 MnCl2, 
0 , 

-

0
0

0

2[B] .
[A]

?

-16
1. .  .,  .  . . 4-
. .: . ., 1984.
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5.2. -17.
 – . ( )

XVII . 
. , 

 ( , ,
). 

 XIX  XX .  
-

, , 
 [1], -

 (« »),  («
»).

 « » 
. . . 

-
.  « » –

. -
. 

, . 
» . 

,  ,  -
-

, ,
.

,   XX .  -
, 

. , 
, 

, 
.

, 
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, 
.

.  1910  1920 . -
. -

, 
.  ,  

. 
-
,

, – 
. , 

, 
, . 

, , 
-

.

,   1951  .
. . , 

, , 
. 

, 
10–100 . , , 

, 
 1959 .  «

». 
. . , 

, 
,  – -

 ( ) [2].
. .  [3] , -

 – Ce3+ –  
 Mn2+.  [4] -

, 
 Fe(phen)3

2+,  [5] 
 Ru(bipy)3

2+. 
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 1–1,5 . 
, -

, 
, , -

. , 
, 

.
 [6, 7] , -

.  [8] , , -
,     -

, .   -
,  

 [9].
-

, 
. , -

, 
.

; ,
, , -

 Ce(III)  Ce(IV)
 Ce(IV) .

 [10], -
 [11].  HCl  HNO3

. HClO4  [2].
 1972 . , 

:  –  –  ( ). 
, ,

. 

, ,
.

-
 ( , ) ( . 5.1). 

 Br–  BrO3
–  HBrO2 ( .  (R2)
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 (R5) ). 
, 

 HBrO2. 
, 

 HBrO2 ( . (R5)  (R6)). 
 Br–.  Br– , -

 ( ) . -
 Br– ,  HBrO2

 (R2), , -
, . 

 Br– , 

.  BrMA ).  Br–

-
,  (R2) 

 (R5)   HBrO2, -
. 

 M(n+1)+,
.  -

 Br–, , -
,   M(n+1)+  Mn+.

, -
 Mn+, -

 Br–

, . 
, .

,   (R4),  (R5)   (R6)  
. 5.1  (R5) , -

 [12]:
5

2 23 2
3

4

[BrO ] [H ] [BrO ] ,
4

d k
dt k

5
2 1 12

4

[H ] 6 M c .
4
k
k

 [2]:
( 1)

( 1)[M ] [ ][M ],
n

n
j

d k
dt

    (5.10)
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jk  1  –1 –1  [ ] – 
, -

 M(n+1)+  Mn+ .
 5.1

 –  –  –
 [2, 11]

  Br– + BrO3
– + 2 H+   HBrO2 + HOBr

   Br– + HBrO2 + H+   2 HOBr
3 (Br– + HOBr + H+   Br2 + H2O)
            3 (Br2 + MA   BrMA + Br– + H+)

(R3)
(R2)
(R1)
(R8)

2 Br– + BrO3
– + 3 H+ + 3 MA   3 BrMA + 3 H2O (A)

 B
                BrO3

– + HBrO2 + H+   2 BrO2
· + H2O

                 2 (Mn+ + BrO2
· + H+    M(n+1)+ + HBrO2)

2 Mn+ + BrO3
– + HBrO2 + 3 H+   2 M(n+1)+ + H2O + 2 HBrO2

                   2 HBrO2   BrO3
– + HOBr+ H+

3 (Br– + HOBr + H+   Br2 + H2O)
            3 (Br2 + MA   BrMA + Br– + H+)

(R5)
(R6)
(G)

(R4)
(R1)
(R8)

BrO3
– +4 Mn+ + MA + 5 H+   4 M(n+1)+ + BrMA + 3 H2O (B)

M(n+1)+ + MA + BrMA + H2O   Mn+ +f Br– + - (C)

. Mn+,  M(n+1)+ –
; MA – ; BrMA – -

; f –  (  Br–,
 M(n+1)+, ).

–  [11]:
A + Y  X; (O1)
X + Y   P; (O2)
A + X   2 X + Z; (O3)
X + X  Q; (O4)
Z   f Y. (O5)
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 A –  BrO3
–, X – HBrO2, Y – Br–, Z – M(n+1)+, P, Q – 

.  (O1)  (R3)
, (O2) – (R3), (O3) – (R5), (O4) – (R4),  (O5) – -

 C.  ,  
.

, -
 (X =  [HBrO2]),  (Y =  [Br–]) 

 (Z = [M(n+1)+]),  [2]:
2

1 2 3 42 ;dX k A Y k X Y k A X k X
dt

 (5.11)

1 2 5 ;dY k A Y k X Y fk Z
dt

 (5.12)

3 5 .dZ k A X k Z
dt

 (5.13)

, , , , ,s ,w ,q -
X, Y, Z, A 1k  – 5k -

:
1

2

,k AX
k

3

2

,k AY
k

2
1 3

2 5

,k k AZ
k k 1 3

,t
k k A

3

1

,ks
k

5

1 3

,kw
k k A

1 4

2 3

2 .k kq
k k

 (5.11)–(5.13) 
2( );d s q

d
(5.14)

1 ( );d s f
d

(5.15)

( ).d w
d

(5.16)

 (5.14)–(5.16) -

 [13] , f  > 0 -
:
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2 1/ 2

0
1 [(1 ) 4 ( 1)] ;

2
f q f q q f

q
 (5.17)

0
0

0

;
1

f  (5.18)

0 0 .  (5.19)

:

s (1 – 2q X0 – Y0) s (1 – X0) 0
.– Y0 / s – (1 + X0) / s f / s (5.20)

w 0 – w

-
, -

.
-

, 
, . 

 [13] -
f w

-
.

, 
, 

 –  –  ( ). -
, 

 I2  IO3
–  IO3

–  I2:
5 H2O2 + 2 IO3

– + 2 H+   I2 + 5 O2 + 6 H2O;            ( )
5 H2O2 + I2   2 IO3

– + 2 H+ + 4 H2O.                        ( )
 1921 .  [14],  IO3

–     -
2 2:

2 H2O2   2 H2O + O2.                                                (C)
 50

 pH .

,  HIO2 [13].
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 [14] , -
 Ce(III)  Mn(II) -

 I2, I–, I3
–, O2, CO2. -
, 

.

. -
-

 200 . 
. 

-
. , , 

-
-

. 
 [11].

,
,  -

-
 –  [15]. -

. 
-

.

.   –  ,  
, 
, 

. 
 – , -

. -
,

 ( ) . -
, 

  -
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-
. , 

, 
. 

-
, 

.  « » – -
 [2]. ,

, -
, . -

 (2 )
 [16].

, -
-

. , , -
,  

. -
, .

-
,  (1 ) : ,

, 
. , -

, 
, , 

 [2]. 
) -

.
-

[16].
-

-
. 

, -
, 

.

,
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, 
, 

, 
 [17].

. .  [18] -
, . -

, 

. 
,  ,  ,  

.  [4]
-

, 
. 

, 
-

.
 [15] , -

 ([H+][BrO3
–])1/2

. , -

HBrO2 + BrO3
– + H+   2 BrO2

· + H2O.
-

 –  [2]:

23 HBrO[H ] [BrO ] .C k D                             (5.21)
-

, 

2Br HBrO H 2HOBr
.  -

23 HBrO 2
[H ] [BrO ] ,

3 3,84 0,25
aC k D
a a

           (5.22)

2 max[HBrO ] ,
[Br ]ah

a [Br ]ah – 

 [2].
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 HBrO2 , -
.  -

 HBrO2 -
 Br–  Br–

 HBrO2. 
 HBrO2. -

 M(n+1)+

 Br–  [2].
 –

 [19–21].  – 
-

 ( ) 
 ( ) [22–24]:
IO3

– + 5 I– + 6 H+ = 3 I2 + 3 H2O; (A)
H3AsO3 + I2 + H2O = H3AsO4 + 2 I– + 2 H+. (B)

.  .  ,  
, 

, , -
-

, 
. -

, 
, . . [2].

-
, 

,
.   -

, . -
.   (l =  )  

. 
 “Agilent

8453”, -
.
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:
–  3N H2SO4;
–  5·10–3 M Ce(SO4)2  3N H2SO4;
– KBrO3  NaBrO3 ( );
– 2 2 2  ( );
–  1  KBr  1M AgNO3 ( ).

 1. 

,  –
10 , . 5.2.

 5.2
 1–3

 1  2  3
e(SO4)2]0, M 10–3 10–3 10–3

[BrO3
–]0, M 6·10–2 6·10–2 6·10–2

[CH2(COOH)2]0, M 3·10–2 0,3 1,2
[H2SO4]0, N 3,0 3,0 3,0

=
[BrO3–]0/[CH2(COOH)2]0

2 0,2 0,05

- - -

 KBrO3 , 
 10 , , -

 4  3N H2SO4.
,  « »,  -

 380 ,  – 20 , 
 –  2   (  1–2)   0,5   (  3),  

 (0,0–1,2). 
,  ( .

. 10).
-

 KBrO3 (4 )  (4 ), -
 2  Ce(SO4)2, .

 2/3,  -
, . 
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-
.

 10 
. 

.

 Br–  Ag+  ( .  2).
. 

, . -
 “Agilent 8453”, -

.
 2  3 .

. -
.

 2. -

 1  2 ( ) 
, 

 Ce4+,  1 
 KBr. 

,  Ce4+,
 1  AgNO3.

, 
.

 3. -
 (  4–7)

. 
, 

. 5.3.
 KBrO3 , 

 10 , , -
 4  3N H2SO4.
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 5.3
 4–7

 4  5  6
 7

e(SO4)2]0, M 10–3 10–3 10–3 10–3

[BrO3
–]0, M 6·10–2 6·10–2 1·10–1 1·10–2

[CH2(COOH)2]0, M 0,8 1,5 1,2 1,2

[H2SO4]0, M 1,5 1,5 1,5 1,5

,  « »,
 380 ,  – 20 , 

 – 0,5 , 
(0,0–1,0). , 

 ( .  10).
 4 -

 KBrO3 (4 )  (4 ),
 2  Ce(SO4)2, .

 2/3,  -
, . 

.
 10 

. 
. 

.
. 

, . -
 “Agilent 8453”, -

.
 5–7 .

-
. 

-
, 

. 
,  3.
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 4. -
 – 

. , , -
 Fe(Phen)3SO4. 

, 
, .

:
–  1: 0,6 N H2SO4;
–  2: 0,25 M  Fe(Phen)3SO4  0,6 N H2SO4.

,  3 -
:

–  3: 0,32  KBrO3  0,6 N H2SO4;
–  4: 1,2  0,6 N H2SO4.

,  « »,  -
 500 ,  – 10 , 

 – 2 ,  (0,0–1,2).
, 

 ( . . 10).
 3,0 -

 3  3,0  4,  0,1  2 -
.  (l =  1  )  

 “Agilent
8453”. ,

. 
, PrtScr  Paint.  -

, 
.

-17
1. , -

.
2.  –  (  – ). , 

-
.

3. , 
.

4. .
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6. 

-18. 
 F 2+. ( )

, 
 –  -

. 
, 2 2,  ,  

 (47 %) 2 2

2. , -
, -

,  -
,  ,  ,  

.
,

20 31,45 .  (1,41)  
,  (1,33). 

 « », -
 25  %.  

2 2  –0,41 ,   –  -
: 30 %-  –  –30 ,

60 %-  –  –53 . 2 2  150,2 ,
. . , .

-
2 2 2  + 1/2 2 : 2,88 

 98 . 
. -

, -
 (2,2 

 =  7   2,59   =  0)7. 
2 2 , -

, 
. 

; 30 %- 2 2, -

7 OH + H+ + e– = H2O.



104

, : 
, -

.
2 2  214 . 

,  0,5 % . 
, 

, -
, . 

2 2. 
2 2  73 , 

 I–  56 , 2 2
 7 . C -
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,   H2O2  2 <  < 4 
 ([Fen+]  <  10–2 ) ,

-
 [2].

 6.1
 [23]

k, M–1 –1

0 2 2
2 2FeHO Fe HO -

0’ 2 2 2
2 2 2FeHO FeOH 2Fe + O + H O 5

1 2 3
2 2Fe H O Fe OH OH , (63–68)

-2 2 2 2 2H O OH HO H O, (1,7–3,3) 107

3 3 2
2 2Fe + O Fe + O , (0,4–1,9) 109

3’ 3 2 +
2 2Fe HO Fe +O + H , 3 105 – 5 107

4 2 3
2 2Fe HO Fe + HO , (1,5–2) 106

5 2 3Fe OH Fe OH , (3–5) 108

6 2 2 2 2 2HO HO H O +O , (0,8–2) 106

7 2 2 2H O H + HO , K7 = 2,6·10–12

-8 2 2HO H O , K8 = 3,6·10–5

9 3 2
2Fe H O FeOH + H , KF = 2·10–3 M

10 3 2
2 2 2Fe H O FeHO + H , K10 = 2·10–3

. 
 Fen+,  H2O2  pH).  ,  -

, .
 Fe2+

, . . [Fe2+]/[H2O2] > 2, -
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.  > 3 

, -
. , 

2 2 , 

.  « » 
-

 [3].  
 ( , ),

 Fe(IV) 
, 

 FeO2+  [4].
, 

 6.1, , 

. 
, , 

, 3Fe  1, -
 1  1,5, +, -

,  1.
 2, -

2 2
-

 (0), 
(10),  (4)  (1, 2

 3’).   (3)  ,   (3’).
 6.1 . 
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2O 2Fe .
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3Fe .
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H2O2 , 

 ( ).
-

, 
2O2  Fe2+ -

 pH = 1–2.

:
–  0,2 N ;
–  0,6 N;
–  0,2 N;
–  30 %;
– ;
–  200 ;
–  100 ;
–  100 ;
–  1 ;
–  10 ;
–  25 ;
–  50 ;
– ;
–  25 ;
–  25 ;
–  5 ;
– ;
– ;
– ;
– ;
– .

,
, 

 ( . 6.1).
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. 6.1. : 1 – -
; 2 – ; 3 – 

; 4 – ; 5 – ;
6 – ; 7 – ; 8 – 

     1.  H2O2 1,0 M.
 1,0 M 

 20  30 %-
,  200 , 

. -

.  1 ,
,  25  0,6 N -

. -
.

:
2

4 2 2 2 22MnO 5H O 6H 2Mn 5O 8H O.
2.  0,2 N  0,6 N H2SO4 .
3.  0,25 M  Fe2+  0,2N H2SO4  1,

2, 3, 6  7.
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4 (NH4)SO4 6H2O ( . . 374,1), 
100 ,  0,2 N .

4.  0,5 M  Fe2+  4.
5.  0,125 M  Fe2+  5.

 4  5 
 3.

,  50 , 
. 

, . 6.1.

 Fe2+  Fe3+ .
 6.1

- T,
-

- - 2 2H O 2Fe 2 4H SO

1
2
3

25
25
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2 2H O - 0,250
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0,01
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4
5
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25

2Fe
- 0,25
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0,0063
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0,01

6
7

25
25 2 4H SO - 0,25

0,25
0,0125
0,0125

0,02
0,04

8
9

35
45 – – 0,25

0,25
0,0125
0,0125

0,01
0,01

 50 , 
: H2O2,  H2SO4, Fe2+, -

 25  pH .

, ,
, 

50 . , 
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. -

. 
-
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.  ,  
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. , 
, 
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, 2 2. -
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. 

» -
.

. 
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, 1000 / ,T –1
.,k –1

.ln k

298
308
318

 ln(k .)  1000/T
E .

-18 

. 
-

.
. 6.2.

,
V =  50  

,

.



113
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 ( ).

-
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:
, 
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; 

. 
2–3 , ; -

.

,  -
. 

 5  1–5  0,25 M 
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.
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.
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:
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k C x k C x x
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9.        
    

 ( ) [1–10] 
, -

 ( ). 
, -1, -

-13, -15, -17 . . 
H0, -

. 1H 
: «

»  « ». -
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-
, 

.Eh (9.1)
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), , , 
.

0, -
 (9.1) . 
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.

,  -
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, -
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, .

. , 
, , . 

 20–45 . 
-

 1 .
 9.1

- -
I ( )

0 = 9,39798 T,
,

%

-
-

1

1H 1/2 400,130 99,9885 1,00
2H 1 61,422 0,0115 1,45·10 6

13C 1/2 100,613 1,07 1,76·10 4

15N 1/2 40,560 0,364 3,85·10 6

19F 1/2 376,498 100 8,32·10 1

27Al 5/2 104,261 100 2,07·10 1

31P 1/2 161,976 100 6,65·10 2

195Pt 1/2 86,015 33,832 3,36·10 3

9.1.  
 – , 

. , 
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, -

, . 
,

. .  ( ). 
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 ( ) 
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9.3.  

9.3.1.  

0
, .

. 9.7. :  – 
H0. 

H1 ;  – 
I = 1/2. 

H0 ( z), 
M0

, -
, 

. 
M  – : I

I
M

. 9.7), 
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y
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. P
,H M

:

.d P H M
dt

 (9.5), 

.d M H M
dt

(9.6)

 (9.6) 
M -

.I H / 2H -
.

M

0.M
H ,z , 0 0 ,zM M

2
0 0

1 ( ) / ,
4

M N H kT N – , 0 0xM

0 0.yM , M -
, zM -

1T , xM yM  – 2 ,T
:

0 1( ) / ,z z
d M M M T
dt

(9.7)

2/ ,x x
d M M T
dt 2/ .y y

d M M T
dt

  (9.8)

-
, 1T 2T  – . -

zM
 ( xM yM ).

0H , 
z, .zM zM
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,  « ».
1T

, . -
2T -

. , 

xM yM -
, 2T  < 1.T

1,T 2T , 1T 2T .

12 cos( )H t
 ( .  9.7).  

, 
. , -

, , -
. 

, -
. , , -

, 
.

, , -

1 1 0cos( ) sin( ) ,H H t i H t j H k
,i ,j k  – , , z.

 (9.6)–(9.8) -
,H M -

:

1 1 0 1cos( ) sin( ) ( ) / ,z
y x z

dM H t M H t M M M T
dt

0 1 2cos( ) / ,y
x z y

dM
H M H t M M T

dt

1 0 2sin / .x
z y x

dM H t M H M M T
dt
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z . 
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, 0H , u v ,
u  – 1,H . . ,x  – 

:y
cos sin ,x yu M t M t
sin cos .x yv M t M t

0
2

cos sin ( sin cos )

.

yx
x y

dMdMdu t t M t M t
dt dt dt

uH v v
T

dv
dt

.
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dM H v M M T
dt
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du v u T
dt

1 2( ) /i z
dv u H M v T
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2 2
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0 1
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-
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  -
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 (9.11), . 9.11:
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.

I = 1/2 -
2T

H0 ( 2 0( )T H ).
0  90

y
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, , 
, :

H = PA A + PB B, (9.13)
A + B = 1. H  A ,

A, B K.
-

 L  -
L  ,   [M]0 << [L]0, 

. -
 L -

:
H = P ML + (1 P) L, (9.14)

[M]0 = [M] + [ML]. (9.15)
 (9.15) , 

(9.14) –  (9.13)  = PA  1   = . -
 << 1. ,  [L] = [L]0. -

P ,  ML:

0

[ ] .
[ ]
MLP
L

(9.16)

,
,]][[][ 0LMKML   (9.17)

K –  ML, 

.M L ML (9.18)
 [M]  (9.17)  (9.15), :

.)][1(][][][ 1
000 LKLMKML
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1

0 0( )K[M] (1 K[L] ) .H L ML L
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( )H L  [M]0  [L]0,
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0 lnTG RT K

0 0 ln .T TH T S RT K  (9.22)
 (9.22) :

.ln0
0

KRS
T
H

T
T

K, -
0
TH 0 .TS

:
–  5 ;
–    0,1–1 ;
– ;
– 10–20  ( ).

1.   0,6 
 10 .

2.  -
.

3.  -

H3 , ,
K  (9.21).

4.   5–8 K.
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6.    ( ) -
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TH 0
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RlnK 1 T
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S , :
;y px q (9.23)
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22
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