
 

 

  

אאאא  

אאאא  





א




א







١



 

 



א ١٦٧ אא 
א אא אא

 
 

- ١  - 

 
אאWאאK 

 
אאW 

 J אאאK 
 J אאK 
 J אאאאאK 
 J אאאאK 
 

אאאWK 
 

אאWאאאאאא
אאK 

 
 
 
 
 
 
 
 
 
 



א ١٦٧ אא 
א אא אא

 
 

- ٢  - 

אא 
אאאאאאאאK
،אאאאאא،אא

אאאאKאאאא
אאאאאאKאאאא

אKאאאאא
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אאא،אKא
אאאK 

אאcollision ،אאא
אאאKאאאאא

אא،אKאאאאא
א،א؟ 

،אאאאאא
אאאאאFאKE 

אorder of reaction (n) W 
אאאאאאאאאאF

EאאאKא
،אאא،א

א،אא
אאKא

אא،אאK
אאאאאאאא

אאאKאאא
אאא،א،،א

א،אאא،א
אאאKאאאאK
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אאאא،אאאא
א،KאnK 

א Rate of reaction (ν)W 
אאאאאאאא

אKאא
אאאKאא

אmol/L/time K،אא
s min hour year Kא

אWν = dC/dt،CאtאKא
אאאאאאK 

אHalf-life time (t0.5)W 
אאא،אא

אt0.5אאאאא
אKאאאאאאא

אK،אאאא
אאK 

אאאW 
אאאא

אאאFאאאE،
אK 

אאW 
A1 +  A2  +  A3 + … + An →    C                     (1-1) 

אW 
ν ∝ [A1] [A2] [A3] …. [An]                               (1-2) 
ν =  k [A1] [A2] [A3] …. [A n                           (1-3)    
ν = k [A]n                                                        (1-4) 

kאreaction rate constant אא،
אאאאאאKאאאא
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אאאאאKאאF1-4Eאאאא
Kאאאאא،אW 

  ν = -d[A1]/dt = -d[A2]/dt = -d[A3]/dt = -d[An]/dt = d[C]/dt          (1-5)    
אאאא،א

אאKאאW 
אאאאאa אta-x

אאtx K 
אאאאאW 

   dx /dt =  k  (a-x)n                                                             (1-6) 
אאאאFnKE 

W 
١. אאzero-order reactions W 

אאאאאn = 0،
א(1-6)אW 

dx / dt = k                                                                           (1-7)  
Wאאאא 

   x = k t                                                                        (1-8) 
אאאאא

אא،א slopeאk Kא(1-1)
אאאK 

 

F1-1WEאאאא 
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אkאא    
mol/L time-1KאאאW 

t = to.5א(1-8)אx = a/2،W 
    t0.5 =a/2k                                                               (1-9) 

אאאאאאא
אK 

W 
 Jא אאWאאW 

Cl2 2Clhν  
אאא،אא

אאK 
٢. אאFirst-order reactionsW 

،אאאאאאn = 1K
א(1-6)אW 

    dx /dt = k (a-x)                                               (1-10)  
    dx/ d(a-x)  =  k dt                                           (1-11) 

אאW 
-ℓn (a-x) = k t + C                                                    (1-12) 

Cx = 0t = 0 
-ℓn a  = C                                                                 (1-13) 

CאאאאW 
ℓn (a/(a-x)     =  k t                                                    (1-14) 

אאאאאא
אאW 

ℓn a - ℓn (a-x) = kt                                                     (1-15) 
אאאאא

אא،אאאא slopeאk 
KאF1-2EאאאK 

אkאאאtime-1K
אאאW 
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F1-2WEאאאא 

t = to.5א(1-14)אx = a/2،W 
  t0.5  =  ℓn 2/k = 0.693/k                                                       (1-16) 
אאאאאאא

אK 
W J 
K אאאW 

H2O2 1/2 O2   +   H2OMnΟ2  
K אW 

 
CH3COOC2H5   +   H2O H+

CH3COOH   +   C2H5OH 
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K אאW 
 

N N Cl Cl         + N2
∆

 
٣. אאsecond-order reactions W 

،אאאאאn = 2K
אא،אאאא(1-6)

W 
   dx /dt = k (a-x)2                                                            (1-17) 

،אא،אאW 
   1/(a-x)  =  k t  + C                                                         (1-18) 

Cx = 0t = 0 
   1/a = C                                                                         (1-19) 

CאאאאW 
   1/(a-x)  - 1/a   =  k t                                                        (1-20) 

אאאאW 
   x / a (a-x)       =  k t                                                        (1-21) 

אאk1/(a-x) אאF1-20E
x/a(a-x)אאF1-21KEאF1-3Eאא

אKאkאא(mol/L)-1time-1K
אאאW 

 
F1-3WEאאאא 
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t = to.5א(1-21)אx = a/2،W 
   t0.5  =  1/ k a                                                                   (1-22) 

אאאאאאא
אK 

W 
 Jא W 

  CH3COOC2H5 +  OH-    →   CH3COO-   +  C2H5OH 
 JאW 

C2H4   +    H2       C2H6
catalyst

 
 JאאW 

     S2O8
2-  +  2I-   →  I2  +  2SO4

2- 

אW 
١. אאא 

אאא،אאא
אk Kאk א

אKאאאK
א،אאאאאאא

אאאK 
٢. א 

אt0.5אאאא
KאאאW 

               t0.5  ∝    a1-n                                            (1-23)    
t0.5   =   C  a1-n                                              (1-24) 

CKאW 
      log t0.5  =  log C  +  (1-n)  log a                  (1-25) 
،אאאאאאא

אאא،אאאאאא
log a log t0.5Kא،אאאnF1- slopeKE

אאאאאאאא
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אKאא(1-4)א ،א
אK 
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א،אאא،א
אאK 

٣. אאOstwald’s isolation methodW 
אאאאאK

אאאאאאאא
KאאאאKא

אאאאאאK 
WאאאאאW 

   2FeCl3  +  6KI  →   2FeCl2   +  6 KCl  +  I2                (1-26) 
אאאאאKI ,  FeCl3 אא،

،[KI]2[FeCl3]Kאאאא
،W 

   FeCl3  +  2KI  →  FeI2   + 2KCl  +  Cl (slow)               (1-27) 
   2Cl     +  2KI  →  2KCl  +  I2                (fast)               (1-28) 

אאslow ،
אאfast KאאאK 

אאאW 
   ،א א א    א   א

א אא Kאאא א  ،א
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 א     אactivation energy (Ea)  Kא   
אאאאאאא K J/mol cal/mol K

Arrhenius אאא
אאW 

  k =  A  exp(Ea/RT)                                          (1-29) 
k،אT،אאאRאאAK 

אW 
   ℓn k = ℓn A  -  Ea/RT                                          (1-30) 
א،אאאא

אאאאאאFslope x RKE
 (1-5)א     א א  K   

،אאאW 
   Ea  =  slope x 1.987   cal/mol    ,   Ea = slope x 8.314      J/mol 

 
F1-5WEאאא 
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א 
אאאK 

١. אאאאאאW 
C6H6N2Cl → C6H6Cl  + N2 

Time / min 5 20  40 ∞ 
P(N2) / mm Hg 5 40 80 200 

 Jאא 
 Jאאא٩٩٪אK 
٢. אא١٥٩٠Kאא٩٠א٪אK 
٣. א13C٨٠٪Kא،א

א٥٧٣٠K 
٤.   א    א א     s-1 5x10-4K

אאאא٩٠אK٪ 
٥. אאאאW 

 
6 4�2�Time/ hour�
3.2�4.8�7.2�C / µg L-1�

 JאאאאK 
 JאאאK 
٦. אאאא١٥،

אאאא0.01MK 
Time / s 120 180 330 530 600 
%hydrolyzed 33.0 41.8 58.0 69.0 71.4 

אאK 
٧. אאא٦٠٠אW 

   (CH2)O(g)   →  CH4(g)  +  CO(g) 
Time / min 10 20 40 100 ∞ 
Ptotal / mm Hg 139.14 151.67 172.65 212.34 249.88 

 J؟אאא 
 JאאאK 
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 JאאK 
 JאאK 
٨. אW 

CH3COOC2H5 + H2O → CH3COOH + C2H5OH 
א١٠Kאא٩٠אK٪ 
٩. אאאW 

CH3COOC2H5 + OH- → CH3COO- + C2H5OH 
א١٠אא٠٥}٠K

א١٠٠אא٠٠٥}٠Kא
אאא٢٠٠א ؟K 

١٠.  ٢٠٪א אאא א١٥ ٤٠
٣٦٠KאאK 

١١. אאא٢٥١٢
Kאא٧٠א،16.5

K 
١٢. אאאW 

KI  +  K2S2O8 →   I2 + 2K2SO4 

 J؟אאK 
 J؟אK 
 JאאאאאK 
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אאא 
١ J EאאאאאאאאFxE

אFaEאאW 
∞ 40�20�5�Time, min 
200 80�40 10�P(N2) = x�
�120 160�190�a – x�



 
אWk = 0.0139 min-1אW 

   t0.5 = 0.693/ k = 0.693/0.0139 =  49.8 min 
 Jא٩٩٪אWa = 100 x = 99אא،

W 
           t = (1/k) ℓn {a/(a-x)} 
                = (1/0.0139) ℓn 100/ 1 = 331.3 min 

٢ J אFאאאאא
WE 

k = 0.693/ t0.5 = 0.693/ 1590 = 4.4x10-4 year-1 
א٩٠א٪אW 

t = (1/k) ℓn {a/(a-x)}  = 1/ 4.4x10-4 ℓn 100/10 = 5233 year 
٣ J אאאW 

k = 0.693/ t0.5 = 0.693/ 5730 = 1.2x10-4 year-1 

Time / min

0 10 20 30 40

ln
 (a

-x
)

4.8

5.0

5.2

5.4
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א٨٠٪،אאאאa = 100
a-x = 80،אאW 

t = (1/k) ℓn {a/(a-x)} 
=  1/ 1.2x10-4 ℓn 100/80 = 1859.5 year 

٤ J אאa = 100a-x = 10،
 Wt = (1/k) ℓn {a/(a-x)}א

= 1/5x10-4 ℓn 100/10 = 4605 s 
٥ J אאאאאa-x א

אאאאאא
אאאאאאאאK 

Time / min

0 2 4 6

ln
 c

1.2

1.6

2.0

 
אWk = 0.203אאW 

   t0.5 = 0.693/ k = 0.693/ 0.203 = 3.4 hour 
٦ J %hydrolyzed x a = 100 ،א

x/a-xא،אאא
אאK 
600�530 330�180 120�Time, s�
71.4�69 58�41.8�33�% hydrolyzed�
2.33�2.23 1.38�0.72 0.49�x/(a-x)�
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Time / s

0 200 400 600

x/
(a

-x
)

0.0

0.5

1.0

1.5

2.0

2.5

 
אWk a = 4.22x10-3 s-1 אאW 

t0.5 = 1/ k a = 1 / 4.22x10-3  = 237 s 
 אאאאאא

mol/Lאאא
FאL mol-1time-1WE 

k = 1/ t0.5  a = 1/ 237 x 0.01 = 0.422 
٧ J Eאאאאאא 

pi = 249.88/2 = 124.94 mm Hg 
 EאאאאW 

(CH2)2O    →   CH4  +  CO 
at t = 0      Pi                          0          0 
at t≠ 0       Pi – x             x         x  

Pt  =  Pi – x + x + x = Pi + x 
x = Pt – Pi 

אאא 
k = 1/t ℓn a/a-x 

אאW 
k = 1/t ℓn Pi/(2Pi – Pt) 

אאℓn (2pi – Pt)א
א k K 

100�40�20 10 Time / min�
212.34�172.65�151.67�139.14�Pt / mm Hg�
37.54�77.23 98.21  �110.74 2Pi - Pt�
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Time / min

0 40 80 120

ln
 (2

p i-P
t)

3.5

4.0

4.5

5.0

 
אWk = 0.012 min-1Kאt0.5 = 0.693/ k = 0.693/0.012 = 57.75 min  
٨ J אאאאא

٩٠٪אאאאא
אאW 

     k = 0.693/ t0.5 = 0.693/ 10 = 0.0693 hour-1 
     t = (1/k) ℓn (100/10) = 33.22 hour 

٩ J EאאאאW 
     Log t0.5 = const. +(1-n) log a 

 אאאa t0.5 ،
KאW 

     Log (t0.5)2 / Log (t0.5)1 = (1-n) log a2/a1 
     (1-n) = {log 100/10} /{log 0.005/0.05} = -1 
     n = 2 

 Jאa2 t0.5 = 200 min אאא،W 
     Log (t0.5)2 / Log (t0.5)1 = (1-n) log a2/a1 
     Log (t0.5)2 / Log (t0.5)1 = - log a2/a1 = log a1/a2 
     log a2 = log {a1 (t0.5)1/(t0.5)2} = log 10 x 0.05/200  
     a2 = 0.0025 M. 

١٠ J אk אאאW 
T1 = 40 + 273 = 313 K  T2 = 60 + 273 = 333 K 

t1 = 15 min   t2 = 3 min 
   k1 = 1/t ℓn 100/80 = 1/15 ℓn 100/80 = 0.0149 min-1 

   k2 = 1/t ℓn 100/80 = 1/3 ℓn100/80  = 0.0744 min-1 
   ℓn k2/k1 = (Ea/R) {(T2-T1)/T2T1}  

Ea = T2T1 R /T2-T1 ℓn k2/k1 
= (333 x 313 x 1.987 / 20) ℓn (0.0744/0.0149) 
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=  16.67 kcal mol-1 

١١ J אFEאk2 
אא٧٠א t0.5 אאאאא

אא،אk1 ٢٥
،אאW 

      T1 = 25 + 273 = 298 K                         T2 = 70 + 273 = 343 K 
        (t0.5)1 = 12           
   Ea = 16.5 kcal mol1  

  k1 = 0.693/ 12 = 0.0578 min1 

  ℓn k2/k1 = (Ea/R) {(T2-T1)/T2T1} 
ℓn k2 = (Ea/R) {(T2-T1)/T2T1} + ℓn k1 

  ℓn k2 = (16500/1.987) {55/298x343} + ℓn 0.0578 
  ℓn k2 =  4.468 – 2.851 = 1.617 
  k2 =  5.04 
  t0.5 = 0.693/ 5.04 = 0.138 hour = 8.25 min 

١٢ J אאאW 
   2KI + K2S2O8  →   I2  + 2K2SO4 

Eאאאאאאאא
אKאאא

 Kאאא
[KI] = 1 M[K2S2O8] = 0.01 MKאא

אKאאאא
אאאאK 

Eאאאאא
אאא،אK

אאאאאFxKEאא
א،FaKE،אאאא

Kאא 
 JאאאאW 

k = x / a t (a-x) 
aאאאx אtאk אK


