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1O2(g)/H2O2   ,     MnO4
-
(aq)/Mn

2+
(aq)

2V1=100mlC1=2x10
-2

mol/LV2=20ml

 

x 

3

 V=100mL( H
+
 + NO3

-
) 1mol/L C =

m = 19,2 g( Cu ). 

1Ox/ RedCu
+2

/Cu) (وNO3
-
/NO) (
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x 

4

V1 = 20 mL C1 = 0,1 mol.L
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5ml C = 0,01 mol.L
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–
 (aq) + 5 Fe
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(aq) + 8 H
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V2 = 20 mL éthanedioïque  )C2H2O4

= 0,1 mol.L
-1 C25mlC=0,01mol.L
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1Mn
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2
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V1=50mL   (K
+

aq+I
-
aq) C1=0,32mol.L
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V2=50mL(2K
+

aq+S2O8
2-

aq)
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C2=0,20mol.L
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1S2O8
2-

(aq)/SO4
2-

(aq), I2(aq)/I
-
(aq)

2
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2
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V

VC
[I2]

4I
-

2220151050t(mn)

5,16,17,79,612,016,0[I
-
](10

-2
mol/L)

[I2](10
-2

mol/L)

[I2]=f(t)

t1/2

t=20mnI
-

8

Fe

Fe(s) +2H3O
+

(aq) =2H2O(l)+Fe
2+

(aq)+H2(g)

m=2.3 g Vs=60mlC=5mol/l

V(H2

876243210t(min)

5825825825705108106223360V(H2)ml 

[Fe
2+

]

1 

2  
sM

H

VV

V
Fe

.

22    

3 [Fe
2+

]=f(t) 

4 Xf 

2 t=0t=3min 

6 t1/2 

7 [H3O
+
]f

M(Fe)=56g/mol                             VM=24L/mol                               

9
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2
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gnsn HaqZHZ  

t = 0m = 1g v = 40 ml

 C = 0,5 mol/LV(H2)
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/mol  Vm = 25 Ln(H2)

750500400300250200150100500t(s) 

86.86.162.284.84.163.442.261.440nH2mmol

 

1(ox/red)

2n(H2)VmV(H2) 

3 

4xn(H2) 

2x = f(t) mmolcm 11 scm 501  

6t = 50st = 400s 

7

molgZM n /4,65)(  

01

I
-

H2O20.1mol /LC=

V = 30mL

2I
-
 (aq) + 2H

+
 (aq) + H2O2 (aq) = I2 (aq) + 2H2O(L)

1
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3

1t =30min. 

1t =30min 

4I2

t = 5 min

 

 

H2O2 K
+
 + I
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2 mL 18 mL 1

1 m L 10 mL 2

 t ( min) 5 
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   (mmol/L[)I2] 
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1 100mL S1K2Cr2O70,2mol/L

 

2 1,2mLC2H6O0,8M(C2H6O)=46g/mol) 

   

 t = 0S1

3  C2H4O2/C2H6O , Cr2O7
2-

/Cr
3+
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3+

t(s)5102030405060

n(Cr
3+

)(mmol)691316181920

1 n(Cr
3+

) 
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4 Cr
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2   .t = 40s, t = 10s, t = 0  
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31

CaCO3m=2.0g V=100ml

C=0.10mol/

+Ca
2+

+H2O(LCaCO3(s)+2H
+

(aq)= CO2(g)

1V=1.0LC22 

nco2

nco2

X

2

H
+

(aq)

t1/2

t=40s

Ca=40g/molC=12g/mol

O=16g/mol

     R=8.31UI.

41

propan-2-ol1

5C3H8O(aq)  +  2MnO4
–

(aq)  +  6H
+

(aq)  =  5C3H6O(aq)  +  2Mn
2+

(aq)  +  8H2O(l)        (1) 

 50.0ml=0.20mol/L0C

50.0ml  

 t=0 1.0mlol-2-propan 

X=f(t)Xt V=10ml

40ml
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C'=0.5mol/lV'EX

t1 

 Propan-2-ol : 

  = 0,785 g.mL
-1

 M = 60,0 g.mol
-1 

 ox/erd : 

Fe
3+

(aq)/Fe
2+

(aq)              MnO4
–

(aq) / Mn
+2

 (aq) 

        C3H6O(aq) / C3H8O(aq). 

MnO4
–

(aq), Mn
+2

(aq)

- 2

140ml

22

MnO4
–

(aq)  +  8H
+

(aq)  +  5Fe
2+

(aq)  = 5Fe
3+

(aq)  +  Mn
2+

(aq)  +  4H2O(l)   (2) 

3

4n
'
MnO4(t) C (V’E

- 1 

(n)(t)10n
'
MnO4

-
 nMnO4

-

1propan-2-ol n0n'0

21

3Xmax1

4X=f(n0,C
'
,V

'
E)

1t1/2 

51

22

(CH3)3C-CL    +  2 H2O = (CH3)3C- OH  + H3O
+

(aq)+ CL
-
(aq) 

V1= 20 mL22

mol/LC1  = 0.10 acétoneV2= 80 mL

2001201201008060300t(s)

07600.6880.6270.2770.2020.4120.2460σ (S/m)

1

2



 

8 

 

3σxσ = 426x 

4x

2st = 200

6x = f(t)

7x = f(t)st = 50

8σfσx (H3O
+
)λ(Cl

-
)λ

35. 10
-3

 S.m
2
 . mol

-1
(H3O

+
)λ  (Cl

-
)=7.6. 10

-3
 S.m

2
 . mol

-1       
 

61

I S2O8
2-

S2O8
2-

 / SO4
2-

 ;   I2 / I
-

 

V1 = 40 mL2K
+
 + S2O8

2-

C1 = 0,10 mol.L
-1

t = 0 sV2 = 60 mLK
+
 + I

-

C2 = 0,15 mol.L
-1

20 °C

1

2

3

II G

G = k ( λ1[ S2O8
2-

] + λ2 [I
-
] + λ3 [SO4

2-
] + λ4 [K

+
] 

1Gx

1
( )G A B x

V

 
   
 

V 

III A = 1,9 mS.LB = 42 mS.L.mol
-1

1xG

2V0t = 0 s 

1

2G0 t = 0 sGmax

3G1/2t1/2G0Gmax

4G1/2

230°CG=f(t) 

G
(

m
s)

 

t(s) 

G
(m
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71

CaCO3H3O
+

(aq) + Cl
-
(aq)

CaCO3 (s)  +  2 H3O
+

(aq)                    CO2 (g)  +  Ca
2+

(aq)  +  3 H2O (l)  

= 25°Cθ

VA = 100mlC = 0.1 mol/l

CO2V = 1L

5080706020403020100t ( s ) 

65.462.460.522.648.841.233.222.812.20P (CO2) 

 .10
2
 (Pa)  

X ( mol )  

1

2XtV  ,  P(CO2)   ,  T  ,   R  

R = 8.31 SI   ;   ( T °K ) = ( θ °C ) + 273  

t = 50 s

3X = f ( t ) 

4Xmax

t 1/2 

H3O
+

t = 50 s

2σ

σXtσ ( t ) = 4.25 – 580 X( t )  

0σt = 0σf

25°Cms . m
2
 . mol

-1
 

λ (H3O
+
) = 35.0      ;      λ ( Ca

2+
 ) = 12.0        ;     λ ( Cl

-
 ) = 7.5               

81 

Mg Mg(s)m=0.037g 

(v= 30mL) 

1 (H
+
/H)  ,( Mg

2+
/Mg )  

2  
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 1614121086420t(min) 

36.536.034.832.428.225.219.212.00.0VH2(mL)

 Xmax  

 (X) nH2VH2 

X VM= 24L/mol  

 t=16min  

3  VH2=f(t)  

4  𝝂      
    

  
t=10min  

5              C  

6  t = 10min          Mg:  24.3g/mol           

91

    I)(I
-

(s2O8
2-

)

2I
-
 (aq)  +   S2O8

2-
  (aq)  = I2 (aq)  + 2 SO4

2-
 (aq) 

t=0 "S" V1= 10.0 mL ( K
+

(aq)+ I
-
(aq))

C1= 5.0×10
-1

mol/L  V2=10.0mL 

2Na
+

(aq)+S2O8
2-

(aq)) C2= 5.0×10
-3

mol/L  

x(t) 1x 

   1xmax 

2

3I2t=80 min 

4 

         

III2

t=80min 

V = 5mL  S t=80min

I2

( 2Na
+

(aq)+S2O3
2-

(aq))

C'= 2.3×10
-3

mol/L V'E= 9.2mL 

I2(aq)+2S2O3
2-

(aq)  = 2I
-
(aq) + S4O6

2-
(aq) 

    1   

    2

3I2C' V'Et=80min  ( S )

 1الشكل 

 
t بدلالة  x منحنى تغيرات تقدم التفاعل

0

10

20

30

40

50

0 12 24 36 48 80 t ( min) 

x (   mol)μ
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4t 80min  

2I3II)4( I 1

02

2 2( ) 2( ) 2 ( )2 2aq g lH O O H O 

25 C

3Fe 

0t 

24V ml2,5 /C mol L

6mL3

( ) ( )( 3 )aq aqFe Cl 

1TV L

51,013 10P x Pa

1TV L

1

2maxx

3( )x t
2
( )OV t

430mint 8.314R 

xt

11/2t

604032302220121020(min)t

6806102502402004403602701600
2
( )OV mL
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)(22 aqOHIII
3Fe

  )(2)(2)(22 22 glaq OOHOH 

1Ox/Réd

2V0=10mLC 

V1=88mLt=0mnV2=2mL 

 
10

022

C
OH 

 22OH 
022OHVT

x

3V’=10mL

   4MnOKLmolC /10.2 2

3



3V

604530 20100t(mn) 

1,01,63,15,29,018,0V3(mL)

 22OH (mmol/L)

2

4( ) ( ) 2 2( ) ( ) 2( ) 2 ( )6 5 2 5 8aq aq aq aq g lMnO H H O Mn O H O      

 
'

.

2

5 33

22
V

VC
OH 

C 

  )(22 tfOH 

 22OHt = 20 mn
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4V2=5mL  )(22 tgOH 

 

22

Mg
+2

(aq) 

Mg
2+

 

Mg(s)  +  2 H3O
+
 (aq)   =       Mg

+2
(aq) + H2(g) +2H2O(L)                  

t = 0 1 gV = 30mLC = 

0.10moL/L

1( OX / Red )

Mg
+2

(aq)

2H3O
+
 (aq)

Mg
+2

(aq)

[Mg
+2

(aq) ]  t 1

t = 12 min  

2.4 min

Mg
+2

(aq)t = 0

1.0 g V = 30 mL 

 C = 0.30 moL/L

Mg = 24 g / mol 

32

  V = 100 mL ( H
+
 + NO3

-
) 1 mol/L C = 

m = 19,2 g ( Cu ).

1OX/ Red  )Cu
+2

/Cu)  ( NO3
-
/NO) (

3 Cu(s) + 2 NO3
-
(aq) + 8 H

+
(aq)               3 Cu

2+
(aq) + 2 NO(g) + 4 H2O(L) 

 

225
0
c P = 10

5
 pa

2 4 12 10 6 8 

t(min) 
 1 

 2 

 3 

 4 

 5 

[Mg
+2

(aq) ] 10 
-

2
mol/L   

 1 –الشكل 
–  6 

41 0 
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VM=24 L 

( VNO ) (x) 

3

VNO 

t= 20 s

t = 30 s     

4(t) 

(x) 

 

   PV(G)=nGRT   ؛R=8.31j°K 
-1

MoL
-1

 M(Cu)=64g/moL؛ 

H
+
 = 35 ms m

2
/moL  ؛NO3

-
 = 7.14 ms m

2
/moL   ؛Cu

2+
 = 10.4ms m

2
/moL 

42

)(aqI 
)(

2

82 aqOS


   
2 2

2 8 4/
aq aq

S O SO 
    2

/
aq aq

I I 

1

2

3

 1 2 3 4 

i
I    mol/l 2.10

-2 
4.10

-2 
2.10

-2
 4.10

-2
 

2

2 8 i
S O    mol/l 1.10

-2 
2.10

-2 
1.10

-2
 2.10

-2
 

0C 20 20 35 35 

20mint 2

4 3 2 1  

8.10
-3 

2,2.10
-3 

3,5.10
-3 

1.10
-3   min202 tI

mol/l 

12

4mlV 201    aq aq
K I 

12

1 .104  lmolCdlV 2,02    
2

2 8
2

aq aq
K S O 

12

2 .102  lmolC

)(aqI 
)(

2

82 aqOS


0 1

1

 

t(s) 

VNo(L) 

10 

1.6 
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 2 f
I

20mint  

1 min20min,0t

52:

3-CClCH3R-Cl

(l)+H2O(l) =(CH3)3-COH(aq)+H
+

(aq)+Cl
-
(aq) 3-CClCH3

0mR-Cl

100806040200t (S)   

0.0080.0160.0280.040.060.1 n (mol) 

x(mol) 

1xn0nn0R-Clt=0 

2x=f(t)1cm------0.02mol1cm------20s 

30m

4t1/2

2t=0C=12g/mol  H=1g/mol  Cl=35.5g/mol

G2

1)(
0

)( tG
G

n
tx

f

   

Gf

G=KσKσ

2                                                                  

dt

tdG

VsG

n
v

f

)(0
     .

  

t=20s 

vs=100ml 

 

 

 

G(ms) 

(2)الشكل   
t(s) 

2 

  20      
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62

1

- 10(10 Volumes)

-  

 

.

11

12 

13 

14 

mLVR 10 

4,MnOKC0 = 

0,020 mol.L
-1V0= 17,9 mL

21 

22

23

mL5,14

31

32 

MnO
-
4/Mn

2+
       O2/H2O2   H2O2/H2O      

72

)(62 lOHC2

)(72 aqOCr

1)/( 3

)(

2

)(72



aqaq CrOCr)/( )(62)(242 laq OHCOHC

)(2

3

)()(242)(

2

)(72)(62 11431623 laqaqaqaql OHCrOHCHOCrOHC  
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2st 0mLV 4,31 mLg /8,0

molgM /46mLV 1002 

LmolC /10.2 1

2



][ 2

)(72



aqOCrmLVT 100

7060504030201000)(mnt  

61220322280126200 )/]([ 2

)(72 LmmolOCr aq



)(][ 2

)(72 tfOCr aq 
 

maxx

x
    

2

.2

720

2

72 TVOCrOCr
x

 


 
0

2

72

OCr
2

)(72 aqOCr

3
2

1t

4][ 2

)(72



aqOCrmnt 101 

82 

1 2H2O2 → 2H2O + O2

Ox/RédH2O2/H2OO2/H2O2

1

2

3IIIFe
3+

III

410 mL85 mLt = 

05 mLIII

t10 mL

t(min) 0 5 10 20 30 35 

[H2O2] 

mol.L
-1

    
7,3010

-2
  5,2510

-2
  4,2010

-2
  2,3510

-2
  1,2110

-2
  0,9010

-2
 

 [H2O2]
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2 cm5 min2 cm1×10
-2

 mol.L
-1

2x(t)nt(H2O2)n0(H2O2)

6
dt

OHd
v

][
.

2

1 22

t = 10 min

7t = t1/22

][
][ 22

22 2/1

OH
OH t    t1/2

8[H2O2] = f(t)


