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 

 
  

 
،،אא،אW 

 אא א א א אאאא
אא،אאאאאאא

אאאא א
אאאאאאWא

אאK 

אאאאאאא
   א        ،א אא

אאאאאא،אא
א         א   ،א אא  
 א א אא  א א א  א א  א א

אא،אא
אא،אK 

אא?אא??א?
אאאאאאאאK 

אאאאאאא
،א     ،א א אא      

אאאאאK 

 ؛   א אא א
אK 

אאאא 
 
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 

 
 

 

 
אאאאאאאאא

אKאאאאאK
אאאאאאאאא

אא،אאאאא
אאאאאאאK

אאאאא
אאאא،אK 

 ،אאW 
 Jאא א א    א א  א  אא א

אאK 
 Jאאאאאא

K 
 JאאאאאK 
 Jאא   א א א א

אK 
 Jא א אאא  א אאא 

אאאK 
 JאאאאWאאאאא 

אKאא 

אאאK 
 JאאאאאK 
 J  אאאא א א אאא
אא،אאK 

אאאאאא
אאאאKאאאא
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אאאKאאא
אאאאא،אאאאאK 

אא א א א  א א  
 א  ،א אא אא  א א א K

אאאאאאKא
  א א   א     א   K   
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 
אאWאאK 

 
אאW 

 J אאאK 
 J אאK 

 J אאאאאK 

 J אאאאK 

 
אאאWאאאK 

 

אאWאאאאאא
אאK 
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אא 
אאאאאאאאK

אאאאאא،אא،
אאאאKאאאא

אאאאאאKאאאא
אKאאאאא

،אאאאאא
אאא،אKא

אאאK 
אאcollision ،אאא

אאאKאאאאא
אא،אKאאאאא

א،א؟ 
،אאאאאא

אאאאאFאKE 
אorder of reaction (n) W 

אאאאאאאאאאF
EאאאKא

אאא،א،
א،אא

אאKא
אא،אאK

אאאאאאאא
אאאKאאא

،אאאא،،א
א،אאא،א

אאאKאאאאK



א 270 אא 
א אא אא

 
 

- 3 - 

אאא،אאאאא
א،KאnK 

א Rate of reaction ()W 
אאאאאאאא

אKאא
אאאKאא

אmol/L/time K،אא
s min hour year Kא

אW = dC/dt،CאtאKא
אאאאאאK 

אHalf-life time (t0.5)W 
אאא،אא

אt0.5אאאאא
אKאאאאאאא

אK،אאאא
אאK 

אאאW 
אאאא

אאאFאאאE،
אK 

אאW 
A1 +  A2  +  A3 + … + An →    C                     (1-1) 

אW 
 [A1] [A2] [A3] …. [An]                               (1-2) 
 =  k [A1] [A2] [A3] …. [A n                           (1-3)    
 = k [A]n                                                        (1-4) 

kאreaction rate constant אא،
אאאאאאKאאאא
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אאאאאKאאF1-4Eאאאא
Kאאאאא،אW 

   = -d[A1]/dt = -d[A2]/dt = -d[A3]/dt = -d[An]/dt = d[C]/dt          (1-5)    

אא،אאא
אאKאאW 

אאאאאa אta-x
אאtx K 

אאאאאW 
   dx /dt =  k  (a-x)n                                                             (1-6) 

אאאאFnKE 
W 

1. אאzero-order reactions W 
אאאאאn = 0،

א(1-6)אW 
dx / dt = k                                                                           (1-7)  

אאאאW 
   x = k t                                                                        (1-8) 

אאאאא
אא،א slopeאk Kא(1-1)

אאאK 
 

F1-1WEאאאא 
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אkאא    
mol/L time-1KאאאW 

t = to.5א(1-8)אx = a/2،W 
    t0.5 =a/2k                                                               (1-9) 

אאאאאאא
אK 

W 

 Jא אאWאאW 
Cl2 2Clh

 
א،אאאא

אאK 
2. אאFirst-order reactionsW 

،אאאאאאn = 1K
א(1-6)אW 

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

אאW 
-ℓn (a-x) = k t + C                                                    (1-12) 

Cx = 0t = 0 
-ℓn a  = C                                                                 (1-13) 

CאאאאW 
ℓn (a/(a-x)     =  k t                                                    (1-14) 

אאאאאא
אאW 

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

אאאאא
אא،אאאא slopeאk 

KאF1-2EאאאK 
אkאאאtime-1K

אאאW 



א 270 אא 
א אא אא

 
 

- 6 - 

 

 

 
F1-2WEאאאא 

t = to.5א(1-14)אx = a/2،W 
  t0.5  =  ℓn 2/k = 0.693/k                                                       (1-16) 

אאאאאאא
אK 

W J 
K  אאאW 

H2O2 1/2 O2   +   H2OMn
 

K  אW 
 

CH3COOC2H5   +   H2O H+
CH3COOH   +   C2H5OH 
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K  אאW 

 

N N Cl Cl         + N2


 
3. אאsecond-order reactions W 

،אאאאאn = 2K
אא،אאאא(1-6)

W 
   dx /dt = k (a-x)2                                                            (1-17) 

،אא،אאW 
   1/(a-x)  =  k t  + C                                                         (1-18) 

Cx = 0t = 0 
   1/a = C                                                                         (1-19) 

CאאאאW 
   1/(a-x)  - 1/a   =  k t                                                        (1-20) 

אאאאW 
   x / a (a-x)       =  k t                                                        (1-21) 

אאk1/(a-x) אאF1-20E
x/a(a-x)אאF1-21KEאF1-3Eאא

אKאkאא(mol/L)-1time-1K
אאאW 

 
F1-3WEאאאא 



א 270 אא 
א אא אא
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t = to.5א(1-21)אx = a/2،W 
   t0.5  =  1/ k a                                                                   (1-22) 

אאאאאאא
אK 

W 
 Jא W 

  CH3COOC2H5 +  OH-    →   CH3COO-   +  C2H5OH 

 JאW 
C2H4   +    H2       C2H6

catalyst
 

 JאאW 
     S2O8

2-  +  2I-   →  I2  +  2SO4
2- 

אW 
1. אאא 

אאא،אאא
אk Kאk א

אKאאאK
א،אאאאאאא

אאאK 
2. א 

אt0.5אאאא
KאאאW 

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

CKאW 
      log t0.5  =  log C  +  (1-n)  log a                  (1-25) 

،אאאאאאא
אא،אאאאאאא

log a log t0.5Kא،אאאnF1- slopeKE
אאאאאאאא



א 270 אא 
א אא אא
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אKאאא(1-4) ،א
אK 

 
F1-4WEאאאא 

א،אאא،א
אאK 

3. אאOstwald’s isolation methodW 
אאאאאK

אאאאאאאא
KאאאאKא

אאאאאאK 
WאאאאאW 

   2FeCl3  +  6KI  →   2FeCl2   +  6 KCl  +  I2                (1-26) 

אאאאאKI ,  FeCl3 אא،
،[KI]2[FeCl3]Kאאאא

،W 
   FeCl3  +  2KI  →  FeI2   + 2KCl  +  Cl (slow)               (1-27) 
   2Cl     +  2KI  →  2KCl  +  I2                (fast)               (1-28) 

אאslow ،
אאfast KאאאK 

אאאW 
   ،א א א    א   א

א אא Kאאא א ،א 
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 א     אactivation energy (Ea)  Kא   
אאאאאאא K J/mol cal/mol K

Arrhenius אאא
אאW 

  k =  A  exp(Ea/RT)                                          (1-29) 

k،אT،אאאRאאAK 
Wא 

   ℓn k = ℓn A  -  Ea/RT                                          (1-30) 

א،אאאא
אאאאאאFslope x RKE

 (1-5)א     א א  K   
،אאאW 

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

 
F1-5WEאאא 

 
 
 
 
 
 
 
 
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א 
אאאK 

1. אאאאאאW 
C6H6N2Cl → C6H6Cl  + N2 

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

 Jאא 
 Jאאא99٪אK 
2. אא1590Kאא90א٪אK 
3. א13C80٪Kא،א

א5730K 
4.   א    א א     s-1 5x10-4K

אאאא90אK٪ 
5. אאאאW 

 
6 4�2�Time/ hour�
3.2�4.8�7.2�C / g L-1�

 JאאאאK 
 JאאאK 

6. אאאא15،
אאאא0.01MK 

Time / s 120 180 330 530 600 
%hydrolyzed 33.0 41.8 58.0 69.0 71.4 

אאK 
7. אאא600אW 

   (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؟אאא 
 JאאאK 
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 JאאK 
 JאאK 
8. אW 

CH3COOC2H5 + H2O → CH3COOH + C2H5OH 

א10Kאא90אK٪ 
9. אאאW 

CH3COOC2H5 + OH- → CH3COO- + C2H5OH 

א10אא0,05K
א100אא0,005K

אאאא200א ؟K 
10. 20٪אאאאא1540

360KאאK 
11. אאא2512

Kאא70א،16.5
K 

12. אאאW 
KI  +  K2S2O8 →   I2 + 2K2SO4 

 J؟אאK 
 J؟אK 
 JאאאאאK 
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אאא 
1 J EאאאאאאאאFxE

אFaEאאW 
 40�20�5�Time, min 
200 80�40 10�P(N2) = x�
�120 160�190�a – x�



 
אWk = 0.0139 min-1אW 

   t0.5 = 0.693/ k = 0.693/0.0139 =  49.8 min 

 Jא99٪אWa = 100 x = 99אא،
W 

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

2 J אFאאאאא
WE 

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

א90א٪אW 
t = (1/k) ℓn {a/(a-x)}  = 1/ 4.4x10-4 ℓn 100/10 = 5233 year 

3 J אאאW 
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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א80٪،אאאאa = 100
a-x = 80،אאW 

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

4 J אאa = 100a-x = 10،
 Wt = (1/k) ℓn {a/(a-x)}א

= 1/5x10-4 ℓn 100/10 = 4605 s 

5 J אאאאאa-x א
אאאאאא

אאאאאאאאK 

Time / min

0 2 4 6

ln
 c

1.2

1.6

2.0

 
אWk = 0.203אאW 

   t0.5 = 0.693/ k = 0.693/ 0.203 = 3.4 hour 

6 J %hydrolyzed x a = 100 א،
x/a-xא،אאא

אאK 
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/
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)
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 
אWk a = 4.22x10-3 s-1 אאW 

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

 אאאאאא
mol/Lאאא

FאL mol-1time-1WE 
k = 1/ t0.5  a = 1/ 237 x 0.01 = 0.422 

7 J Eאאאאאא 
pi = 249.88/2 = 124.94 mm Hg 

 EאאאאW 
(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 

אאא 
k = 1/t ℓn a/a-x 

אאW 
k = 1/t ℓn Pi/(2Pi – Pt) 

אאℓn (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�



א 270 אא 
א אא אא
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 
אWk = 0.012 min-1Kאt0.5 = 0.693/ k = 0.693/0.012 = 57.75 min  

8 J אאאאא
90٪אאאאא

אאW 
     k = 0.693/ t0.5 = 0.693/ 10 = 0.0693 hour-1 
     t = (1/k) ℓn (100/10) = 33.22 hour 

9 J EאאאאW 
     Log t0.5 = const. +(1-n) log a 

 אאאa t0.5 ،
KאW 

     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 

 Jאa2 t0.5 = 200 min אאא،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. 

10 J אk אאאW 
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) 



א 270 אא 
א אא אא
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=  16.67 kcal mol-1 

11 J אFEאk2 
אא70א t0.5 אאאאא

אא،אk1 25
،אאW 

      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 

12 J אאאW 
   2KI + K2S2O8  →   I2  + 2K2SO4 

Eאאאאאאאא
אKאאא

 Kאאא

[KI] = 1 M[K2S2O8] = 0.01 MKאא
אאאאKא

אאאאK 
Eאאאאא

אא،אאK
אאאאאFxKEאא

א،FaKEאאא،א
אאK 

 JאאאאW 
k = x / a t (a-x) 

aאאאx אtאk אK



 

 

 
 
 



 

 

 

אאאא  

 

אאאא  

אאא 
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א




א




2



 

 



א 270 אא 
א אא אא 
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 
אאWאאאאאK 

 
אאW 

 Jאאאאאא،
אK 

 Jאאאאאאא
א 

 JאאאאK 
 JאאאאאאK 
 

אאאWאאאK 
 

אאWאאאאאK 
 



א 270 אא 
א אא אא 
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אאChemical Catalysis 
،אא،א

אאCatalyst אKאאא
אאאKאאא

אאK،אאאא
אאאאאK

،אאאא
אאאא،אאא،

אאאא،אא،
אKאאאאאאא

אאאאK 
אאW 

אאאKאא
אnegative catalystK 

אאW 
אאאK

אאא
Kאאא

אאKאאאא،אא
אאאאאאאKא

אאאאאKF2-1E
אא،אE1

אאE2KאאFiEא
אFiiEW 

 i)   A   {   A#    →  B                                                    (2-1) 
 ii)  A + catalyst {  [A-catalyst]   →     B + catalyst            (2-2) 
   A ≡ Reactant    ,   B ≡ Product        , A# ≡ Intermediate 



א 270 אא 
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 
F2-1EWאאאא 

،אאאא
אKאאאא

אאא،catalytic salt effect K 
אאאאWאאא

אאאאאאא،א
אאאאאK 

1. אאW 

א،אאאאאאא
אאKאאאאK

،אאאאאאאאא،אא
אא،אאK 

אאאW 
אאאאאא

אאאאpH K
אH+א،H3O

+،אאKאא
אאאאOH-אKא

אאK 

אאאאאא،א
אאא،אא

E2

E1

Reactants

Products

Intermediate

Energy

With catayst

No catalyst



א 270 אא 
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א-COOH א-SO3H Kאאא 

polystyrenesulfonic acid אאK 

CH2 CH

SO3H

CH2 CH

SO3H

n

Polystyrenesulfonic acid 
1Wא 

אketonesFRCOR’Eאאaldehyde FRCHOE
א،אא،א

אאאאאKאhalogenationאא
א،אאאאאKאא

אאאאFKE 
 JאאW 

 
 אאאאאא

אאW 
   Rate = k2 [CH3COHCH3

+]  [A-]                                        (2-3) 

אCH3COHCH3
+אאW 

   K1 = [CH3COHCH3
+]  [A-] / [CH3COCH3] [HA]               (2-4)  

   [CH3COHCH3
+]  =  [CH3COCH3] [HA] / [A-]                   (2-5) 

   Rate = k1 k2 [CH3COCH3] [HA]                                       (2-6) 

CH3 C CH3

O

+   HA    A
-  +

OH+

C CH3CH3
k1

k-1

k2

CH3 C CH2

OH

+   HA  
k
I2

O 

C CH2I               CH3   HI  + 

 slow
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אאאRate אאK 
 JאאW 

 
 

 
 אאאאאא

אאW 
      Rate = k1 [acetone] [base]                                    (2-7) 

אRate אאK 
2Wאאא 

 ،אאH+OH- אא
אאKאאאא

אאאא،Kא
אKאאאW 

R C OR'

O

+   H+  
k1

k-1

HOH

 slow O

R C OR'

H

O

R C OH+R' OH +   H+  

 
 
 

CH3 C CH3

O

+   B    BH+  +

O

C CH2
-

CH3
k1

I2

CH3 C CH2I

O  

+   I
-  

BH+

  B  + 

 slow

HI



א 270 אא 
א אא אא 

 
 

- 23 - 

אאאRedox catalyst W 
אאאאא،א

KאאאאאAg+ א
Tl+אCe4+ K 

אאW         
                  Tl+ + 2Ce4+   →    Tl3+  +  2Ce3+                                           (2-8) 

אאאאW 
Ce4+   +   Ag+   Ce3+     +    Ag++

k
Ag++   +   Tl+   Tl++     +   Ag+

K

 Tl++     +    Ce4+ Ce3+     +    Tl3+
slow

fast

 Tl+      +   2Ce4+
Tl3+     +   2Ce3+ 

אאאאאW 

  Rate = k [Ag++] [Tl+]                                                                 (2-9) 
  K =  [Ce3+] [Ag++] / [Ce4+] [Ag+]                                               (2-10) 

אאAg++ א،אW 
  Rate = k K [Tl+]  [Ce4+] [Ag+]/ [Ce3+]                                       (2-11)�

אPolymerization catalysis W 
א אא א   אא،

     א ،א אZiegler-Natta catalysis    ،א
אאאאKאאאTi, Cr, 

Zr, Valkyl אAl, MgKאאא
אאאאאאאאK 

אEnzymesW 
אאאאאKא

אאKא
אpeptideא،א
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אאKא
אאאאאאK 

אאW 
 Jאאא 
 Jא 
 Jאאא 
 JאCO2 H2O א 

אW 
 Jאlysozyme  
 Jאisomerase 

-אhydrogenase 

אאאW 
 JL-lactate hydrogenase 

-alcohol dehydrogenase 

אMichaelis-MentenW 

אאא
،אE אR אאRE אאאאא

P אKאאאאאK 

 
אאW 

אאאא[E]t אא،[RE] 
אא[E]W 
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 
אאא

KאF2-2KE
،אאאאאאא

אאKאא
אK 

 

 
F2-2WEאא 

 
 
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2. אאW 

אאאאאאאא،
،אאאאאא

אאאKאאאא
אאא،אא

אאKאאאאא
،א،אאא،א

אאKא
אKאאאאאאא

אKאאאאאאאadsorption،
אאאאKאאאאא

אא،אא
אאאK،אאאא

אzeolite K،אאא
אalcohol dehydration א،dehydrogenation ،

אhydrogenation א،cyclizationKאאאאא
אK 

אW 
אאאא،א

transition metals،،،אא
אKאWאאאאאאאK

אאאchemisorptionאK
אאW, Ni, Pt ،אאCu, Al K

אאאאאאאK
אאאאאאWelectronic 

factor geometric factorK 
 JאאW 



א 270 אא 
א אא אא 
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 אאאאאאא
אאאאאאKא

אאאאאאאאKאאK 
1W Jאאformic acid decarboxylation W 

אאאאאא
אW 

 
 

אא،אאא 

catalytic activity אאheat of formate formationK
F2-3EאאאאאKא

אאא،אאאאאא
אאאא،אK

אאאאאאא
אKאאאאאא

אאא،אאK
אאאאאא

אKאאאא
אK 
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F2-3WEאאאאאא 



א 270 אא 
א אא אא 
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אאאא
אאPd אאא،

אאאא
אK 

2W JאאW 

 
אאאW 

  O2   +  2S    →   2Oads                                                           (2-16) 
  CO  +    S    →   COads                                                          (2-17) 
  Oads + COads  →   CO2  +  2S                                                  (2-18) 
  CO  + Oads   →   CO2  +  S                                                    (2-19) 

SאאK 
 JאאW 

אאא،אא
אKאאאאא

אאא،
אאK 

W Jאא 

 
אאאW 

 
N2   +  2S  }   2Nads                                                        (2-21) 
H2   +  2S  }   2Hads                                                                                          (2-22) 
Nads   + Hads   }   NHads   +   S                                            (2-23) 
NHads   + Hads   }  NH2 ads  +  S                                         (2-24) 
NH2ads +  Hads  }  NH3   +  S                                             (2-25) 

SאאKאאאא
א   ، א א     ،א  א א 

52520،W 
   Fe(111) :  Fe(100)  :  Fe(110) =  400 :  25  : 1 



א 270 אא 
א אא אא 
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Fe(111) Fe(100) Fe(110) . 
אאW 

אאאcatalyst poisoning ،
אאKאאאאא

אאFאאEאאאא
אKאאא

אאKאאאאאFאEא
אאאאK 

WאאאW 
   CO  +  2H2   

Ni
  CH4  + H2O                             (2-26)  

אאאאאא
אH2S אאאאאא،K 

אW 
،א،אאאא

אאK 
W Jאאאא 

 
   

אאאאFאE
partially hydrated،א،

אאW 
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 אאhydration אFא
EאKאFEא

אא. 
א:Zeolite 

אאאאאAluminosilicates 

(Al, Si, O, Na)K،אאא
אאא،אאא

אKאאKאאא
אאKאא

אאאKאא
אאאא،אא

אKאאאאא
אאKאאאא

אoil crackingKאאK 

O
Si

O
Al

O

OO O

Si

O

O
Si

O

OO

Al
O

OO O
Si

O

O OO

Na+ Na+

H+H+

O
Si

O
Al

O

OO O

Si

O

O
Si

O

OO

Al
O

OO O
Si

O

O OO

Sodium From Hydrogen Form 
Wאparaffins crackingW 

،אא
אאאolefinsא،א،

אn-butane W 
 
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CH3CH=CH-CH3 CH2=CH-CH3 CH2=CH2 
אאcatalytic salt effect W 

،אאאאאאאאא
אKאאאא

אאactivityאאאKאאconcentration 
אאא،אאאאאKאא

אאאionic strength Debye-

Huckel W 
   Log f±  =  - A ZA ZB (U)1/2                                     (2-28) 

f±،אZA ZBאא،
U،אאAK 

   U  =  ½ ∑(mi Zi)
2                                                   (2-29) 

miZiאKBrØnsted אא
אאKאאאW 

   AA+  +  BB+ }   (AB)A+B   →  Products                 (2-30) 

 אאW 
   log k  =  C  +  A ZA ZB (U)1/2                                 (2-31) 

k،אCK،אא
אW 
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L
og

 k

(U)1/2

ZA ZB  =  +ve

ZA ZB  =  -ve

ZA  ZB =  0

 
 JאZAZBא

אאK 
 JאZAZBא،،א،
 

אאK 
 JאZAZBFE،

אאאK 
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א 
1. אW 

 Jאא Jאאא 
 Jאא Jאאא 

2. אאאאK 
3. א،אאא

אK 
4. W 

 Jאא Jא Jאאא 
 Jאא 

5. אK 
6. אK 
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אאא 
1KאאWFEאK 

K  א א W، א א א א 
אאאאK 

K  אאWאאא،א
K 

K  א  א א W  ،א   א    
א א  א  א  ،א    א א א

K 
2KאאאאW 

CH3CH2OH -Al2O3 CH2=CH2   +   H2O   
אאאאFאE،

،אW 
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H
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CH2=CH2

+

H2O

Al2O3 
אאFאEאK

אאאא. 
3KאאאאW 

  
N2    +  3H2  Fe

         2NH3                                           
 

אאאFSאאWE 
  N2       +  2S  }   2Nads                                                        
  H2       +  2S  }   2Hads                                                                                             
  Nads        + Hads   }   NHads   +   S                                             
  NHads   + Hads   }  NH2 ads  +  S                                              
  NH2ads +  Hads  }  NH3      +  S                                              



א 270 אא 
א אא אא 
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אאאא،אאא
אא525א20W 

   Fe(111) :  Fe(100)  :  Fe(110) =  400 :  25   
4K JאאWFאE

אKBrØnsted אאאאKאא
אW 

   AA+  +  BB+ }   (AB)A+B   →  Products                   

 אאW 
   log k  =  C  +  A ZA ZB (U)1/2                                    

אאא،אאW 
 

L
og

 k

(U)1/2

ZA ZB  =  +ve

ZA ZB  =  -ve

ZA  ZB =  0

 
 JאWאאאאא

Aluminosilicates (Al, Si, O, Na)Kאא،א
אאא،אאא

אKאK
אאאאאKא

אאאאKאא
אאא،אא

אאKאאא
אאאאKאאא
אאoil crackingK 



א 270 אא 
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 JאאאWאאאאא،
אKאאאאאAg+ 
אTl+אCe4+ K 

אאW         
                  Tl+ + 2Ce4+   →    Tl3+  +  2Ce3+                           

אאאאW 
Ce4+   +   Ag+   Ce3+     +    Ag++

k
Ag++   +   Tl+   Tl++     +   Ag+

K

 Tl++     +    Ce4+ Ce3+     +    Tl3+
slow

fast

 Tl+      +   2Ce4+
Tl3+     +   2Ce3+ 

אאאאאW 

  Rate = k [Ag++] [Tl+]                                            
  K =  [Ce3+] [Ag++] / [Ce4+] [Ag+]                          

אאAg++ א،אW 
  Rate = k K [Tl+]  [Ce4+] [Ag+]/ [Ce3+]                   

 JאאWאאא،א
א،א،،א

אKאWאאאאאאאK
אאאאKא

אW, Ni, Pt ،אאאCu, Al Kאא
אאאאאK

אאאאאאW،
אא،،אאK 

5KאאאW،אאH+
OH- אאאא،K

אאא،אאאא
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אKאאKא
אאW 

R C OR'

O

+   H+  
k1

k-1

HOH

 slow O

R C OR'

H

O

R C OH+R' OH +   H+  

 
6KאאאאאKא

אאKא
אpeptideא،א

אאKא
אאאאאאKא

אWאאאאאאא
אCO2 H2O אKאWlysozyme ،

isomerase،hydrogenaseא،א
אL-lactate hydrogenase،alcohol dehydrogenaseK

אאW 

R   +   E      
k1

k-1

[ RE ]  
k2 P   +   E

 
W 

Rate  =  
k2  [R]  [E]

kM   +  [R] 
 אאאאא

אא،אאKא
אאK 



 

 

 
 



 

 

 

אא  

 

אאאא  

אאא 
<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ<ËÖ] 

אאאא 


א









3
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אאWאאאאאאאK 
 

אאW 
1. אאאאK 
2. אאאאאאאK 
3. אאאאאא

אK 
4. אאאאאK 

 
אאאWאאאK 

 
אאWאאאאאאK 

 
 
 
 
 
 
 
 
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א 
،אאאאא

אאאאאאאאאא
אאאKאאאאא
FאEadsorptionאא

אadsorbent אאadsorbate Kאabsorptionא
אK 

אאW 
1 JאW 

        surfactant א א ،
אאאאא،אאK

אאאאאאאK 
2 JאW 

אאאאא catalysts א
אאאאאא،אאK 

אאאאאאא
א  א K  ،א     א     אא

F   KE א  F3-1 Eא  א K אא  אא
א 

ChemisorptionאאאאאאאPhysisorptionK 



א 270 אא 
אאא א 
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F3-1WEאאאאאאאK 
 

אאא Chemisorption      אאא Physisorption    
 Jאא 
 Jא אא 20 

 
 Jאאאא 
 Jאאא 
 Jאאאא
 Jאאאא

א 

 Jא 
 Jא   אא 10 

 
 Jאא 
 Jאא 
 Jאאאא 
 Jא 

 
אאאW 

   אאאא א  א K   אא 
אexothermicKאאאאאW 

    G = H - TS                                        (3-1) 

HאאאSאאGאאאTאאאK
  אא א   Fא אE  ،G  א 

،אאאאSאאאא
א א   א אא  K    א Hא  Kאא

،אא20א،
אאאא،א{אאאא

  10א   K    א   א אא 
،אאאאאאאאא،K 

 
W،אאאאW 

אWCH3CH2OH  → CH2=CH2 +  H2O                       

אW CH3CH2OH → CH3CHO  + H2                           



א 270 אא 
אאא א 
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אאאאdehydration אא
אdehydrogenation K 

،אאאא،אK 
WאFאEאW 

   N2 + 3H2 } 2NH3 

אאW 
   Fe(111) : Fe(100) : Fe(110) = 400 : 25 : 1 �

 
אאW, Ni, Pt ،אאCu, 

Al KאאאאKאאאאא
אאאאאאאאאKאF3-2E

אאאאאא25K 

F3-2EWאאאאאאK 
א אא/3 א/ 

 SO2א

א NH3  

א CO2  

N2  
H2  

340 
136 
60 
11 

2 

157 
130 
31 
 J147 
 J246 

אאAdsorption isotherm 

،אאאאא
אאאאאK

אאאאKאאא
אאאKאאאא

אFSTP = 1 atm , 0 oCEאא Kא
אאאאאא،אאKא

F3-1Eאאאא100א J196אאאK 



א 270 אא 
אאא א 
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 א אא   אאאא   א   ، א
אKאאאW 

Solid  +  Gas ↔ adsorbed gas  +  heat                       (3-2) 

،אא،אאאא
Kאאאא،אא،אא 

 
F3-1EW אאאא100א J196אאאK 

אאKאF3-2Eאא،אא
אאאאאאאאK 

אאW 
אאאאאאאF3-2E،

אאW 
1. אאאאmonolayerאאFa KE 
2. אאאnon-porous אאFb-c KE 

3. אאאporous אאFd-e KE
אאאאKאb, e אאא

 אFא א  E אא אF KE   אa אא
אאא،אאא

א  K   ،אא א  א    א א  
אאאKאאא

،Langmuir isothermK 
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 
F3-2WEאאאאK 

W 
אאW 

1. אאאאאK 
2. אא אא  אאא א

،אאאאאאאאF3-3KE 
3. אאאאאK 

Gas

P




Solid 
F3-3WEאאאאאK 

אW 
אאאWאאFVfZEאFVbE 

Vf = Kf P (1- )    (3-3) 
Vb = Kb  e-Q/RT                                     (3-4) 
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Kf ،אאאP ،א،אא
(1-،אאKb ،Q אאאR אאT אא

אKאF3-3EF3-4EאאאW 
      / (1- ) =  K P                                   (3-5)�

K= (Kf/Kb) e
Q/RT،אאא KאF3-5E

א،W 
      =  K P / ( 1 + K P )                          (3-6) 

אאאW 
V / Vm                                      (3-7)�

 V אאVm אאאFאא
אE=1KאF3-6EF3-7EאW 

    V/Vm  =  K P / ( 1 – K P )                   (3-8) 

אאK אא א Vm  א ،F3-9E
אאW 

    P/V  =  1/KVm  +  P/Vm                       (3-9) 

 א א אא F3-4E، א
אאאא،אאאאאK

אאאאK 

P/V

P

slope = 1/Vm

Intercept = 1/KVm

 
F3-4EWאאK 

אW 
אאK

אאאאKאאאא
אאאאאאא K

،אאאאאא
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אאאVmKאאאאאאא
אW 

 A(m2) = Vm (cm3) × 6.02 × 1023 × 16.2 (Ǻ2) × 10-20 / 22414            (3-10) 

 אא 16.2 Ǻ2  א א  אא  ،1023×6.02א  
אא،22414 אאאאF1 atm, 273KKEא

אא אא אא א   Kא  
 אא،א א אא  א

אאW 
    Po Vm/ To = P V/ T                                             (3-11) 

VאאאאT אP Po =1 atm To = 273 K K 
אאא(Q)W 

אא،אא
א אאא   א       אא 

KאאאT1, T2 אP1, P2 א
Wאא،א 

   ℓn (P2/P1) = (Q/R) {(T2 - T1) / T2T1}                            (3-12) 

 אא א،אאא 
،אאאK  1/P KW 

ℓn (K1/K2) = (Q/R) {(T2 - T1) / T2T1}                           (3-13) 
א1W אאאאאאאאאאא0,93

א،א1904,832250K 
אWא 

ℓn (P2/P1)    = (Q/R) {(T2 - T1) / T2T1}                     
                            ℓn (32/4.8) = (Q/2) {(250-190)/190×250} 
                             Q  =  3003.7 cal mol-1 

א2W אאאאאא2,863
אאK 

אWא 
  A(m2) = Vm (cm3) × 6.02 × 1023 × 16.2 (Ǻ2) / 22414             
                               = 2.86 × 6.02 × 1023 × 16.2 (Ǻ2) × 10-20 / 22414 
                               =  124.4 m2 
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W 
אאאאאאא

א    א א   K א    ،  א  אא
אאאאאא،אאW 

   Q = Ho ( 1-  )                                                (3-14) 

Ho אא   אא Kא אא
אאאאאKאאF3-4EאW 

   Vb = Kb  exp{-Ho (1-  )/RT}                       (3-15) 

Vf = Vb، 
   Kf P (1-bexp{-Ho (1-  )/RT}          (3-16) 

אאא،אא 
   D P =  { /(1-)} × eC                                        (3-17) 
   D = Kf/Kb exp{Ho/RT}                                      (3-18) 
                               C = Ho/RT                                                       (3-19) 

אאא،W) ≈ 1 /(1-،אF3-19E،
א،אW 

      =  (1/C) ℓn P  +  G                                           (3-20) 

WG = (1/C) ℓn DKאF3-21E،P،
אא≈K 

:BET 

  אאWאBrunauer-Emmett-Tellerא،
אאKאאא

אאKאאW 
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                     (3-21) 

 C  Po א  א א א K   א   
אW 
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P/V(Po-P) P/Po ،C-1/CVm 1/CVm K
אאאVm אא،אאF3-5EK 

P/V(Po-P)

P/Po

slope = c-1/cVm

Intercept = 1/cVm

 
F3-5WEאאEBT אאK 

אאאאאאW 
אאWאאmicropores 10nm 
אאmacropores א100nm אאmesopores 

א10-100א nm Kאא 

 
F3-6WEאאאK 

אאKאא،אאאאא
אF3-6E Kאאאאdesorption،

אאאKאאאאאאא
P1אאאאP2א،P1>P2K 
 
 
 
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אFאWE 
אאporosimeterאאF3-7E Kא

אאאאאאK 

 
F3-7EWאאא،אאאK 

אא  א א א  K א
א،אאאאאא
W 

   P = 2  cos  / r                                               (3-23) 
P א،אאא א، 

rאKאP، ،אא
אאF3-23KEאאא

אאK،אאאא،
אאDr אא Kאא

אאW 
    Dr  =  - (P/r) d(V-Vo)/dP                           (3-24) 

Vא r   P Vo אK Dr r 
אא  ،אא א 

אKאאאאאא
אF3-3WE 

 
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F3-3EWאאאאאאK 
אאאאFatmE אFnmE 

1.7 
98 

197 
296 
395 
493 
592 
691 

8550 
147 

74 
49 
37 
29 
25 
21 

אאאW 
אאאאאאאאאאא

  ،א אאא  א  א א      אא  K
אאאאאא

،אאאאאאאא
אאאאאאאאא K
 reundlich isothermWאאאאאאא

   Wa = K C1/n                                (3-25) 
Kn אאאאאWa אאאא

אC אאFאאאאאKE 
 
 
 
 
 
 
 
 
 
 
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א 
1. אאאאWאאK 
2. W 

K  אאאK 
K  אאאK 
K  אאאK 
K  אאאK 

3. אאאא
אאאK 

4. אאאK 
5. א  א    ،א  א   א

אK 
6. אאאאK 
7. א א  א א אא   א   ،

אאK 
8. אאK 
9. F√EאאאFCEאאאW 

K  אאאאאK 
K  אאאאK 
K  אאאאאאאאK 
K  אאאאאאאK 

10.   אא א  א  100   0,1 
א  א   ،א  א  אא0,01 K 

 אא   ،    אא 1000 ، 
אאאאKאאאאא23א

אאאאאK 
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11. אאאאK
אאאא2000,5א

،אאא،א0,35Kאn = 2،א
אאK 

12. אאאאאאאאאאאאא
0,20,05אא2540אא
0,5 

13. אאאאאאאאאאאא
20אא0,250,05אא

א40א0,50,45KאאK 
14.    10א א        א

א0,21א3אאאKאא
א12,6אאK 

15.  א א  אא א   א  א  273
W 

P, mmHg  100 200 300 400 500 600 700 
V, cm3       10.2 18.6 25.5 31.4 36.9 41.6 46.1 

 א אא    Kאא א   Kא
אא،אאאאא

19אאK 
16.  א    אא  200,893

א4,8Kאאאאא
א80א،אא20K 

 
 
 
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אאא 
1.  

אאא Chemisorption      אאא Physisorption    
 Jאא 
 Jאאא20
 Jאאאא 
 Jאאא 
 Jאאאא
 J א א   א 

אא 

 Jא 
 Jא   אא 10 

 
 Jאא 
 Jאא 
 Jאאאא 
 Jא 

2.  
K  אאאWאאאאאא

אאK 
K  אאאWאא

אאK 
K  אאאWאאאאאא

אאאאאאאאאK 
K  אאאWאאאאאאא

אאFEK 
3. אאW 

P/V

P

slope = 1/Vm

Intercept = 1/KVm

 
 אאאאא،אאאVm

אK 
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4. אאאא
אKאאאאאA gas (cm2) א

אKאאאאFאאאVm E
אאVm אA (m2) אW 

    A = Vm (cm3) × 6.02×1023× Agas×10-20/22414 

5. אאאW 
    Wa = K C1/n 

 n  K ،Wa ،אאאאאאC אא
אK 

6. W JאאאK 
 JאאאאאאK 

אאאH אא
אא: H  =  Ho(1 –)   

Ho אאא Kא
אW 

     = 1/C ℓn PC 

GC PאאK 

7. אאאאאW 
 

      










1CP/P1P/P1

P/PC

V

V

oo

o

m

 

אאאאאאאW 

 
 

o
mm

o P

P

CV

1C

CV

1

PPV

P 



 

  P/V(Po-P) P/Po      ،C-1/CVm   1/CVm K
אאאVm אאK 
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P/V(Po-P)

P/Po

slope = c-1/cVm

Intercept = 1/cVm

 
אאEBT אאK 

8. אאאאאאK
אאאW 

    Dr  =  - (P/r) d(V-Vo)/dP                            

 Vא r   P Vo אK Dr r 
אא،אאא

אK 
 

 
אאא،אאאK 

 
9.  J J J J 

10. א،אאאW 
N/Nm  =  K C / ( 1 + K C ) 
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N ،אאNm אאאK 
אאC אאאKאאאא

אא: 
   N = (0.1 – 0.01)/1000 = 0.0099 mol 

: 
   0.009/Nm = 1000×0.01/{1+(1000×0.01)} 
                               Nm = 0.0099 mol 

אאא: 
   A = Nm × 6.02×1023×23×10-20 

                                                      = 0.0099× 6.02×1023×23×10-20 
                                   = 1370.8 m2�

11. אאא200 
   Wa = (0.5 – 0.35) × 200/1000 = 0.03 g 

W 
   Wa = K C1/n 
    K  = Wa/C

1/n = 0.03/(0.35)1/2 = 0.05 
12. אאאאW 

ℓn (C2/C1) = (Q/R) {(T2 - T1) / T2T1} 
Q = RT2T1/(T2-T1) ℓn (C2/C1)  
    = 2×298×313/15 ℓn (0.05/0.2) 
    = -17.242 kcal mol-1�

13. אאאאW 
ℓn (K1/K2) = (Q/R) {(T2 - T1) / T2T1} 

K1 K2    C אא 20 40 ،
W 

    = KC�
א20W 

   0.25/1-0.25 = K1×0.05 
                            K = 0.0167 
                            0.5/1-0.5 = K2×0.45 

א40W 
   K2 = 0.225 

אאאאW 
Q = RT2T1/(T2-T1) ℓn (K1/K2)  
    = 2×298×313×ℓn (0.0167/0.225) 
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    = -23.867 kcal mol-1 

14. אאאאA אW 
    A = Vm × 6.02×1023× 12.6×10-20 × W/22414 

WmאאאאאW א. 
    A = 0.21× 6.02×1023× 12.6×10-20 × 10/22414 
                                        = 7.1 m2. 

15. אאאאW 
    P/V = 1/KVm  +  P/Vm�

 P א אV א אK אאVm אא א K
P/V P1/Vm 1/KVm Kאא

9.13،Vm  0.11K 
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 
אאאאאאW 

    A = Vm × 6.02×1023× 19 ×10-20 /22414 
                                         =  0.11 × 6.02×1023× 19 ×10-20 /22414 = 0.56 cm2 
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16. אאאW 

ℓn (P2/P1) = (Q/R) {(T2 - T1) / T2T1} 

Q אאאP1 P2 אאאT1 T2 K 
   ℓn(P2/4.6) = (-20000/2) (60/239×353)  
                               P2 = 0.013 atm.�

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 



 

 

 

אא  

 

אאאא  

אאא 
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 
אאWאאאאאאK 

 
אאW 
 J אאאאאK 
 J אאאאאאאאK 

 J אאאאאאאאאK 

 J אאאאאK 

 J אאאאאK 
 

אאאWאאאK 
 

אא Wא  א    א א  א א 
אאאK 

 
 
 
 
 
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א 
א solution אא

 א  אאאאKאא 
     א   א    א Kא א 

אאאא،אא
אאאאKא

א  א      א  א Kא     א   
אאא،אKא،אא

אאK 
 אאא،אאא

solvent אאsolute Kאאא
    א אא     ،א   colloid  K 

אאאאא،אא
אאKאאאא،אK 

אאW 
אאאאאאאא

אאאאאKא 
F4-1EאאK 

F4-1WEאאאאK 
א א אא  

   אא 
   א 
   א 
   אא 
   אאFH2O + CO2E 
    
    



א 270 אאא 
אאא א 
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   אFHE 
   אא 

אאW 
א א  א א א   א א   

 ،א ،אm אX 
אאאאKאAאא

Bאאא،W 
אWאאאא 

 m  =  1000 x WB / MB WA                                                                   (4-1) 

WB MB  ،א אא  WAאא  א ،א  K
אmol kg-1K 

אאאXWאאאאאא 
        XB   =  nB/(nA + nB)  =  (WB/MB)/ {(WA/MA) + (WB/MB)}                     (4-2)   

nAnBאאאאMAאאK 
אאW 

1. א 
،אאאא،א

N2, O2, H2،אא،HCl, HBr, SO3, NH3Kאאא
אאאאאאK،אאא

،K 
Henry’s law W 

אאאאא
אא،אKאאW 

                             m  =  k  P                                                          (4-3)   

m ،אP،אkאאאK 
אF4-2E HClא25،

אאאאXHCl אPHCl א،
k K 
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אabsorption coefficient  ()  W 
  ،א     ،אא  א אא א  

mL אא 
F4-2E:HClאא25K 

k-1 XHCl PHCl / atm�
0.0427�0.00141 0.0033�
0.0456 0.00154 0.0338�
0.0446�0.00431�0.0964�
0.0444�0.00702�0.158 
0.0446�0.0126�0.282 

STPF1 atm, 273 KE،אאאא
א1 atmKאאW 

      =  v’ / V P                                                 (4-4)  

v’،אאאאVאPאא
Kאatm-1K 
2. אאW 

    א           אא  
אא،KאאF

KEאאאאK
،אאvapor pressure ،אא 

א א  Kאאא    WאFאE
אHm אא،Vmא،אא،

אאאWideal solutions non-

ideal solutionsK 
אאW 

AB ،אW 
A-A  =  B-B   =  A-B                                                  (4-5) 

אאאא
אK،אאאאאאא
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אאאאKאאאאא
،אאW 

1. אאHm = 0K 
2. ،אאW= 0VmK 
3. אאא،אאK 

א: Raoult’s law  
אאFEאאאK

    א  אא א
אאKW 

                          XA = nA / (nA + nB)                                       (4-6)  
               XB = nB / (nA + nB)                                         (4-7) 
                                    1      =  XA  +  XB                                                              (4-8) 

אW 
PA     nA / (nA + nB)                                       (4-9) 

                                   PA   =  C  nA / (nA + nB)                                (4-10) 

 C    ، nB = 0 א א א  ،PA
אאאPo

AK 
                                    PA   =  Po

A { nA / (nA + nB)}                         (4-11) 
 
                                    PA    =  Po

A XA                                             (4-12) 
אאאאB،W 

                                    PB    =  Po
B XB                                        (4-13) 

אאPt אא،א،K 
                                    Pt     =  PA  +  PB                                         (4-14) 

 F4-1E אא  אB Kא 
אאאאאK 
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 
F4-1WEאאאאא 
Wאא 

א   אא  א א   א  אא    
KאאאאK

 א אF E،Hm ≠ 0 Kא 
،אאאVm ≠ 0אאא،Kא 

אאWאpositive deviation א 
negative deviation K 

 JאאאאאW 
Wאא(CH3COCH3 + CS2)K 

אW 
1. אאFאEHm > 0K 
2. ،אאW> 0VmK 
3. א،אאאאאF

אאKEאא
W 

A-A  ≠  B-B   >  A-B                            (4-15) 
אאאאא

אKאאאאאK
אאKאאK 
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 
F4-2WEאאא 

אא 
 JאאאאאW 

Wאא(CH3COCH3 + CHCl3)    
אW 

1. אאFאEHm < 0K 
2. ،אאW< 0VmK 
3. אאאא،אאF

אאKEאאW 
A-A  ≠  B-B   <  A-B                            (4-16)�

 אאאאאK
אאאאאKא

אאKאאK 

 
F4-3EWאאא 

אא 
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אvapor compositionWאאFאE
א ،א אאFאא

אEאKW 
אA אX’Aא،W 

PA  =  Pt  X’A                                                      (4-17) 

אW 
PA  =  Po

A XA                                                     (4-18) 

אאאW 
X’A        =  (Po

A XA) / (Po
A XA  +  Po

B XB)         (4-19) 
X’A/XA   =  Po

A/ (Po
A XA  +  Po

B XB)                  (4-20) 
= 1/(XA  +  (Po

B/Po
A) XB)                                   (4-21) 

אA אאB،Po
A > Po

Bאא،
X’A > XAK،אאK 

3. אW 
  א א   א א א   ،א 

אאאאאאאאאאK
אאאKאאsolute א

א א א Kא אא   א   א  א   
 Colligative properties of solutions K אא אא  

א     ،?א K?אאאא  א 
       ،א  אא        ،א

אKאאאאאאא،אאא
אאא Kאאאאאא

אK 
אאאW 

1 JאאאWXB אא
XAאא،אW  

  Pt  =  Po
A XA +  Po

B XB                                                (4-22) 

،אאPo
B = 0،W 

                                 Pt  =   Po
A XA = Po XA                                  (4-23) 



א 270 אאא 
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- 66 - 

אאPo
A Po אKאאא

W 
                                      Pt  =  Po (1 – XB)  =  Po -  Po XB                    (4-24) 
                                      Po – Pt/P

o  =   P/Po  =  Po XB                                     (4-25) 

אאאאאאאK
אאאאאאאאאאW 

                        P/Po  = (WB MB)/{(WB MB) + (WA MA)}                  (4-26) 

WB  WA אאאMB MA אאאאKא
،WB →0אאא،W 

                        P/Po  = (WB MB)/(WA MA)                                        (4-27) 
                        MB  =    (P/Po) WA MA / WB                                     (4-28)�

2 Jא א  א W   א  א א א  
،אF4-4KEאABCאאאFא

Eאאא،C1 , C2 K
אאאאto אאא، C2 

t2 אאאC1 אt1 K 

 
F4-4E:אא 
אאאW 

אABCADEאW 
AB/AD  =  AC/AE                                 (4-29) 

       (t1  - to)/(t2 - to)   =  (Po
 - P1)/(P

o
 - P2)                         (4-30) 

                           T1/T2   =  P1/P2                                         (4-31) 
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- 67 - 

א(4-12)אW 
                               tb   ∞   P    ∞     XB                                        (4-32) 
                               tb  =  k XB  =  k  nB/ (nA + nB)                  (4-33) 

،אאn2 << n1אאאא،W 
                               tb   =  k (WB/MB)/(WA/MA)                           (4-34) 

א،א(4-1)،W 

                               tb   =  k (MA / 1000) m                              (4-35) 
                               tb   =  kb m                                                 (4-36) 

kbאאmolal elevation constant KK
אאאאאאאKא

אאאאאא(4-34)א 
אW 

                                MB   1000 kb  WB /(tb  WA)                     (4-37) 

3 JאאWאאאאא
Kאאאא

א אאאאfreezing point א(4-4)K
אאא،אאאאאW 

                                tf  =   kf  m                                                    (4-38) 

  tfאאאkfאא molal depression constant K
א א א אאא א א  
אW 

                               MB   1000 kf WB /(tf  WA)                                 (4-39) 
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 
F4-4E:אא 

4 JאאWאאא،אאאאאא
אאאא،אאאא

אKsemipermeable membrane  א
 א    ،א   א  א  ،אא    א

אOsmosisKאאאא
  א  Kא  א א   א א  

osmotic  pressure Kאאאאאא א
אאאאאK

אאreverse osmosis אK
F4-5EBerkeley-Hartley osmometer 

אK 
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solution
solvent

solution

 

Pressure

Reference
point

semipermeable
membrane 

F4-5E:אא 
Van’t Hoff אאW  

א،אאאאF
אאEאאאאW 

                                         V  =  n R T                                             (4-40) 
                                        V  =  (WB/MB) RT                                  (4-41) 
                                              =  C  RT                                             (4-42)  

אאatmC אאאmol/LVא
 אT  ،א אא Rאא  Kא א     

א  א  K     ،אא א א   R
 א0.082 L atm K-1 mol-1K  א א    mm Hg 

670א Kאאאא،א
  אא  א  א K א  א  F4-41E 

אW 
                               MB   =   WB R T/ V                                             (4-43) 

Van’t Hoff factor W 
אאאFא

א Eאאא K אאא
אאparticlesאאא Kאא

אא،אi ،W 
                         i  =   P/(P)o = tb/(tb)o = tf/(tf)o = o      (4-44) 
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א?o?אאאK
   א  א א    K  א  א  

אאאW 
W 

א،אאא،
א Kאאא

אאKאא
אאFEאאאא

FnEKאאAnW 
                               An   }   A1 +  A2  + … +  An                        (4-45) 

                               1-   …      
אאא1+(n-1)K،אאא،אא
אאW 

   i  =  P/(P)o= 1+(n-1)/1                                              (4-46) 

אאא אW 
                       =  (i  -  1) /  (n  -  1)                                                   (4-47) 

אא  Fractional Distillation W 
א،אא،א

אאאאאKאאא
אאאKאאאboiling point 

curves אאא K
אאאאFEאאK 

1K אW 

 א  ،אא  א
א،אF4-6KEאא

FaEא   א Fa’E Kא    א   K  
 א  א א  אresidue     א א א 

אdistillate Kאא



א 270 אאא 
אאא א 
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  Kאא אא  א 
אKאאאאאא

אאאאKאאא
אאאאאאא

אאאאK 

 
F4-6E:אאא 

2K אMaximum BP W 

אא،אאאאא
א،אF4-7EKאCאא،
אאאKאא

אאא،אאAzeotrope K
אאאאאC Kאa

אa’אאאאHCl
 אא אHClK אאא C ،b

אא،C אאאK 
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 
F4-7E:אאא 

3K אMinimum BPW 

אא،אאאאא،א
אF4-8EKאC،אא

אאא،אאא
אKאאאאאC K

אaאa’،אא،
אאאאK אאאC ،

bא،،א אא
אK 

  א א    א  א  א   
א،אאK

אאF4-9EK
אK 

 
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 
F4-8E:אאא 

،אאאאplates 
אאאאאא،אא

אאאאאאKאאא 

condenser

heater

vapor

liquid

 
F4-9E: 

אאאheaterאK
אאאאאאK
אאאאא K

אאאאאאאאK 
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אDistribution law W 
אאאא

 א א       ،  א א  
אא K     א  אא א    F Edissociation

association אKאאW 
                                         CA/CB   =   K                                        (4-48 ) 

CA אאA CB אאB K אdistribution 

coefficientKאאAאBאאW 
                                         (CA)1/n

 /CB   =   K                                  (4-49 ) 

nאאאA Kאא A
אBאאW 

                                         (CA)n
 /CB   =   K                                    (4-50 ) 

nאאאאאAK 
אאאא،אאא  א

،אאאKא
אא،אא

אאKאאא
אאK 
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א 
1 J אא؟אאאא

אK 

2 J אאאאאאKאא
אאאאאאאK 

3 J אא10א٪אNaNO2 א
א30אאאא،39,5K 

4 J אאאא ABא
אK،אאאאא
אB אאאBKא؟؟אK 

PA PB XB Pt , mmHg 
  0.0 300 
  0.1 290 
  0.2 280 

  0.3 270 

  0.4 250 

  0.5 240 

  0.7 230 

  0.9 210 

  1.0 200 

 
5 J אאאא70٪30٪،

אאא118,2א36,730
א،K 

6 J אא140א
Kאאא،אא

،א،939,4א95,8K 

7 J אאא5אאCO(NH2)2 100
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 Kאא،24אאא

8 J -1.5 oCKאא،אא
א0.5א oC1.85 oCא،K 

9 J 50א500אא19
20KאאאאK 

10 J 0.5 M K2CrO42,1Kאאא
15KאאK 

 
 
 

 
 

 
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אאא 
1K אאWא،אאאא

א،Kאאאא
א،אא،אK

،אאאאא
אאאאKאאאא
אאאאK 

אא 

 
אאאא 

 
אאאא 
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 
2K אא

אאW 

-אאאאאאאW 
Pt  =  Po

A XA +  Po
B XB 

-אאאאאאW 
tf   =  kf m   

-אאאאאאW 
tb   =  kb m   

-אאאאאאW 

      =  C  RT 
 Po אאPאאMA אאMB

אאאWAאWBאאkf אאkb 
אאVא  אאTאאR אאK 

3K אאאאאFאBWE 
P = Po – P = XB 

XB = (W/M)B /{ (W/M)A + (W/M)B} 
= (10/69)/ {90/18 + 10/69} = 0.0281 

P = Po – XB = 39.5 – 0.0281 = 39.47 mm Hg 
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4K א 
PA PB XB Pt , mmHg 

300 0 0.0 300 
270 20 0.1 290 
240 40 0.2 280 
210 60 0.3 270 
150 100 0.4 250 
120 120 0.5 240 

90 140 0.7 230 
30 180 0.9 210 

0 200 1.0 200 

 אאאאאאא
אB KאאK 

XB
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 
5K אW 

Mbenzene (C6H6) = 78    ,   Mtoluene (C7H8)  = 92 
Xbenzene = (70/78)/ {70/78 + 30/92} = 0.733 

אW Xtoluene = 1.0 – 0.733 = 0.267     
אאW 

Pbenzene = (Po X)benzene = 118.2 x 0.733 = 86.6 mm Hg 

אאW 
Ptoluene = (Po X)toluene = 36.7 x 0.267 = 9.8  mm Hg 
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אאW 
Pt = Pbenzene + Ptoluene = 86.6 + 9.8 = 96.4 mm Hg 

6K א 
Pt =  760 mm Hg    Po

chlorobenzene =  939.4 mm Hg 
Po

bromobenzene = 95.8 mm Hg                 Xchlorobenzene  = ? 

אאאW 
Pt = Pchlorobenzene  + Pbromobenzene 

Pchlorobenzene = Po
chlorobenzene Xchlorobenzene 

Pbromobenzene = Po
bromobenzene Xbromobenzene 

Xbromobenzene + Xchlorobenzene = 1 
Pt = Po

bromobenzene Xbromobenzene + Po
bromobenzene (1 – Xchlorobenzene) 

Xchlorobenzene = {Pt – Po
brompbenzene} / {Po

chlorobenzene - P
o
bromobenzene} 

    = 760 – 95.6 / {939.4 – 95.8} = 0.787 

7K א 
Wurea = 5 g   Wwater = 100 g 

Po
 = 24 mm Hg  Psolution = ? 

אאאW 
P/Po = XB 

Po – Psolution / P
o
 = (W/M)urea / (W/M)urea + (W/M)water 

24 – Psolution / 24  = (5/58) / {5/58 + 100/18} = 0.015 
Psolution  = 24 – 24 x 0.015 = 23.64 mm Hg 

8K א 
Tf = -1.5 oC                                    To

f = 0 oC 
Kf = 1.85 oC/molal                           kb = 0.5 oC/molal 

אאאאW 
tf = To

f – Tf  =  kf m 
m = Tf – To

f  / kf  = 0.0 -1.5 / 1.85 = 0.81 mol kg-1 

tb = Tb – To
b =  kb m 

Tb = 100 + 0.5 x 0.81 = 100.4 oC 

9K א 
V = 500 mL = 0.5 L                       Wprotein = 50 g 

 = 19/ 760  mm Hg = 0.025 atm    T = 20 + 273 = 293 K 

אאאW 
V = n R T = (W/M) R T 

M = W R T /  V 
M  = 50 x 0.082 x 293 / (0.025 x 0.5) = 96,104 g mol-1 
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10K א 
C = 0.5 M     T = 15 + 273 = 288 K 

i = 2.1 

אאאW 
o

 = C R T = 0.5 x 0.082 x 288 = 11.8 atm 

אאאאאW 
K2CrO4   {  2K+  +  CrO4

2- 


n = 1 + 2  

אאFאאEW 
i = real / o = n / 1 

אאאאאאK  
i = 1 + 2 / 1 
2.1 = 1 + 2  

 
  = i x o  = 2.1 x 11.8 = 24.8 atm�

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 



 

 

 

  אאאאאאאא

 

אאאא  

אאא 
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 




א


א
א




א



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 

אאW 
 J אאאאאאאK 
 J    א א   א  א     

אK 

 J אאאאאK 
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 J אאאאאK 

 
אאאWאאאK 

 
אא Wא   א א    אא  א
אאK 

 
 
 
 
 
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 JWאאאאאאK
אאא،K 
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אW 
אאאאאאאאK

אK 
אאW 

 JWאאא Kאא
،אאא،אK 

 JWאאאK
אאK 

 JאאWא אא    א  K
אא،אאא

אאK 
אאאW 

אאxK 
אאא  x =  xf – xi   

אאא (x) →0  =  dx   
אאא  x = dx = 0    

אאW 
 JW  א אאא אאאא

אאאאKאא
א   א  א    Kא  

אאאFאאאE
אKאאאK 

 JWא   א   א א א 
אאאאא،K

  א      א   א   
אK 

 
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אאW 
 Jא אא FאEIsothermal  Wאא 

אאK،אאאE = 0K 

 JאאFאE Isobaric Wאאא
אאאKאאא

אK 
 J Adiabatic  Wא    ،    א א 

א(q)،אq = 0K 
 Jא א FאEIsochoric  W      א א 

K،אW = 0K 
אW 

אאאאאא
אאKאאאKא

א אאאK
אאאאאאאאא
אאK،אאא

אאKאאא
אאאK 

אאW 
 אאאא SIאאאאאcgsK 

אF5-1EאאאK 

 
 
 
 
 
 



א 270 אא 
א אא אאאא 
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F5-1WEאאאאcgsK 
 

א אא cgs  
א 

א 
א 

א 
אא 

א 

אmeter  (m) 

א  kilogram (kg)   
א second  (s)   

א candle (cd) 
 Ampere  (A)   
א mole (mol)  

 centimeter  (cm)   

א gram  (g)  
א second (s)  

 

 

א א  א א א א ،א  א
אW 

1K אאאאאא Joule (J)  

ergcgs KאWאאאאFEא
א      Kא W א א א   אFE

אאK 
1 J = 107 erg 

2K  א    אא אCalorie (cal) א אא   
א،אאאא15oCK 

3K א  א א א     א  א  א 
אאאKאאאK 

אאאאאW 
 א   א       אא  א 

KWאאא 
1 cal  = 4.184 J 

אאאאאW 
 אאאאFאKE

אאאFא
KEאאאאאW 



א 270 אא 
א אא אאאא 
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 Jא E WאאאאאאE= +ve 

     אאאאא  E = -ve    

 JאWWאאאאאW= +ve 

אאאאא W = -ve  

 JאאqW אאאאאאאאq = +ve 

      אאאאאאא  q= -ve    
אאאאW 

?אאאאא? 
אאא?Wא?Kאאאא

אא אא  K א  א א
אאKאאאאW 

q = E  +  W                               (5-1) 

 q،אאאא Wאאא، 

E אא א  א K    אF5-1 E  א 
אאאאאאאאא

אK 
אW 

אאאinitial (i) final (f)
   א Wא   א  אאא Kאא

  א א  אאא א  אstate functionא 
אthermodynamic function KאW 

E = Ef - Ei                                         (5-2) 

 אאאאאאאאKאא
אאאאאאKא
Kאא،אאאא 

אWork of expansionW 
،אאאא אא

אאאאKא



א 270 אא 
א אא אאאא 
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אאאא،
אF5-1EK 

d

a

V i

V f

 
F5-1WEאאאK 

 אאa (cm2)א P (atm)אאVi
אVf  ،אאd (cm)א،אאאאW 

W = P a d  =  P(Vf –Vi) =  PV                         (5-3) 
 

P

V V

P

V

P
W >0 W >0W =0

 
F5-2WEאאאאאK 

 
  א     ،א   א  א   א 
 K،א  א  א א   א     א

אF5-2KEאא،אאא
אאאאKאאאWאאא

؟א  א  א     K  Kא    א  K
   אא  PVא    ، אא   א  א 
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אאאאאאKא
אאatmאLאאאאא،W 

     1 atm  = 101,325 Pa (kg/ms2) 
     1 L       = 10-3 m3  

PV ( atm × L ) = 101325 × 10-3 = 101.325 (kg m2/s2) = 101.325 J 

אatm L א101.325 א
אKאאאאא،אא

אאאKאא
אK 

א (5-2)(5-3)אW 
q = E + PVf – Vi)                                        (5-4) 

אאHW אאאW 

q = E2 – E1  + P (Vf - Vi)                                (5-5) 

q = (Ef + PVf)  - (Ei + PVi)                             (5-6) 

qp = Hf – Hi = H                                           (5-7) 
 אאאא(H)Enthalpyאאא heat content 

אאאא،אאqp،
אאK ،אאW = 0،W 

                qv = E                                                                 (5-8) 
אאאאאאאאא

،אאאאKאאאW 
H = E  + PV                                                 (5-9) 

Wאא2.6א atm א2.5 L 5.3 L 
אאא200א calK 

אWאאא W = PV = 2.6 × (5.3 – 2.5) = 7.28 atm L   

אאא101.325 W  W = 7.28 x 101.325 =  737.646 J 
אאWH =  E + PV =   200 + 737.646  = 937.645  J 
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א אאW אאאאאא Kא
 אcal/K/gK 

אאאWאאאאאאKא
 cal/KK 

אאאא(C) W אאאאאאאאא
א Kא  cal/K/mol Kא

אאאאWא Cv א CpK 
אאאאא(Cv)W אאאא 

qv = n E                                                      (5-10)   
Cv = qv/T = E/T                                     (5-11)  

 T = Tf – Ti                                                  (5-12) 

q،אאn،אE،אאאאT
אאאTfאאTi K  

אאאאא(Cp)Wאא 
qp = n H                                                     (5-13)   

                           Cp = qp/T = H/T                                        (5-14)                 

אCv CpWאF5-9,5-11,5-13Eאא: 
Cp = Cv + P (V/T)                                    (5-15) 

אאאאW 
PV = RT             (5-16) 

אF5-15EאאW 
Cp = Cv + R = Cv + 2                                    (5-17) 

אW 
 JאאW אאאא 

E = 0 ,  q = W                                            (5-18) 

אF5-3E،אאאא،W = PV،
،אא،אאאאK

 א  F5-3 E،א
אאKאF5-3EאאFאאEאא
FaEFbEאאFcKE 



א 270 אא 
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 

P

V V

P

V

P

(a) (b) (c)

W
W W

 
F5-3WEאאאאK 

 אאאא Wmax  אא
א א،אא Kאא א א

א  Kא אאא Kא
אאאא

אKאאאW 
qrev = Wmax                                                 (5-19) 

אאW 
W = ∫ ∂(PV) = ∫ V∂P + ∫ P∂V                           (5-20)   

אאאאKW 
∫ V∂P = 0                                     (5-21) 
Wmax = ∫ P∂V                                                     (5-22) 

אP אא،אאא
אאאViאאVf،W 

Wmax = n RT ∫ ∂V/V                                          (5-23) 
Wmax = n RT ℓn (Vf /Vi)                                    (5-24) 

Wא10א298
3א7אK 

אWWmax = n R T ℓn (Vf/Vi) =  10 × 8.314 × 298 × ℓn (7/3) =  20992.4 J      

 JאאWאאq = 0אאא،W 
W = - E = - Cv T                                           (5-25)  

Wא4א298
200Kאאא4,6אK 

אW = 1803.2 cal                 W = -n Cv (Tf – Ti)  =  -4 × 4.6 × (200 – 298) 



א 270 אא 
א אא אאאא 
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אאאW 
dE + dW = 0 
Cv dT + P dV = 0 
Cv dT/T  +  RT dV/V  =  0 
Cv dT/RT  + dV/V   =  0 

،אאאW 
Cv/R ℓn (Tf/Ti)  =  - ℓn (Vf/Vi) 

אאW 
(Tf/Ti)

Cv/R Vi/Vf                                          (5-26) 

אאאא 
אא: 

א  א אא א  Kא א  א   
אאאF251Eא،אא

אאאאאאאאאKאאא
Fא אא E ،א א   א   א אא

אFאKEאאאאא
אאאאא،אK 

אאWאאאאאאא
אאאK 

אא אWאא  א אא  אא א  א  
אאאאK 

א אW א אא א א 
 ،Kאא

W 
?א،אאאאאאK?א

אא  א א    א K א א  א  H
אאאאא،אאא E

א Kא  אא    א א א   א  



א 270 אא 
א אא אאאא 
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אאאאאKאא 

ABK אאאאK 

A B

C

D E

E 2

E 5E 3

E 1

E

E 4

E   =   E 1 +E 2  =   E 3 +   E 4   +   E 5 
אאאאWאאאאאא
،אאאא FאאWE 

C2H4(g)  +  H2(g)  →   C2H6(g)   + E                                                    (5-27) 

א،אאא
אאאאאאאאאאW 

C2H6(g)  + 7/2 O2(g)  →  2 CO2(g)  +  3 H2O(g)  +  E1                       (5-28) 
H2(g)   +  ½ O2(g)  →  H2O(g)  + E2                                                   (5-29) 
C2H4(g)  +  3 O2(g)  →  2 H2O(g)   +  2 CO2(g)  +  E3                        (5-30) 
C2H4(g)  +  H2(g)  →   C2H6(g)   + E2 +E3  -  E1                           (5-31) 

 

 אאאאאF5-27EאF5-28-5-30KE
 א F5-28 Eא   F5-29,5-30 KE  א אא  

אF5-27,5-31E: 
E =  E2  + E3  -  E1                                   (5-32) 

 אאאא K
אאאאKא

אאאאאK
אא،W 

PV  =  n RT                           (5-33)                        
H     =  E  +  n RT                                              (5-34) 

אאאF5-27WE   n = nf – ni = 1 – 2 = -1 א،W 



א 270 אא 
א אא אאאא 
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H     =  E  -  RT    

אא א  W   א א א  ،adiabatic bomb 

calorimeter،F5-4E،א،אאאאא
 א א  אא   K    אאF א30

Eאאאאא،K
אאאאא אא אאאא

K 

 
F5-4WEאאאK 

W 
אאאאאאאאא

אאאאאאאאאW 
dH/dT  = Cp                                        (5-35) 

Cp =  ΣCp(product)  - ΣCp(reactant)                                (5-36) 

 ،אאאאאא
אאאאאאאאאאK 

אאאא: 
א   א א    אא א   א א 

       א א  א       א



א 270 אא 
א אא אאאא 
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אא،אא،אאאא
אKאאאא

Kאאאא
אאKאאאא

אאאאאאאK
אא،אאא

אאאFאאKE
אא א K אאאא   

אאK 
אאWאאאא

אאא
א  א אא    א א K  

אא ،אאאא Kאא
אW؟אאKאW 

 Wא  א אא    א   א 
אאאא،אKאאאא

 א FאE א  ،Fא E א  אFא EאK
א      א   K א    

אאאאא،F5-5E  F5-6EK 

V 1 V 2

V 3 V 4

q = 0

q = 0

E = 0

E = 0

q 1

q 2

T 1

T 2

(a ) (b )

(c ) (d ) 
F5-5EWאאאאאK 



א 270 אא 
א אא אאאא 
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אאWאאq1אא W1 אT1 

W1 = q1 = RT1 ℓn (V2/V1)                                         (5-37) 

אאWאאq2אאW2  

W2  =  q2  =  - Cv (T2  -  T1)                                       (5-38) 

אאWאאq3אא  W3 אT2 

W3 = q3 = RT2 ℓn (V4/V3)                                          (5-39) 

אאאWאא q4 אאW4  

W4  =  q4  =  - Cv (T1  -  T2)                                       (5-40) 
W =  W1 + W2  +  W3  +  W4                                     (5-41) 

W =  RT1 ℓn (V2/V1) + Cv(T1-T2) – RT2 ℓn (V3/V4)  -  Cv (T1 - T2)         (5-42) 

אאאW 
   V2/V1  =  V3/V4                                                         (5-43) 

אWW  
   W = R(T1 – T2) ℓn (V2/V1)                                       (5-44) 

a

b

c

d

V

P

P 1 V 1

P 3 V 3

P 2 V 2

P 4 V 4

T 1

T 2

 
F5-6WEאאאאאאK 

אאEff  =  W/q،W 
   Eff = W/q = q1-q2/q1  
         =  R(T1 – T2) ℓn (V2/V1)/ RT1 ℓn (V2/V1)             (5-45) 
   Eff = q1 – q2/ q1     = T1 – T2 /T1                                  (5-46) 

 אא  אאא א א
א  K ،א   א  אא    

100אK٪אאא367אא
א40א،W 

Eff = T1 – T2 / T1  =  {(367+273) – (40+273)}/(367+273) 
                                 =  0.25 = 25% 



א 270 אא 
א אא אאאא 
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4אאאא
3אא،אאא

אאאKאאא25K٪ 
אא:אאאא،אאאF5-

46KE 

א F5-46EאW 
   q1/T1   +   q2/T2 =  0                                           (5-47) 
   ∑q/T  =  0                                                          (5-48) 
   ∑S     =  0                                                          (5-49) 

S = q/TאאKא cal K-1K
אאF5-49EאאאKא

אאאאאאאKאא
א א   א K אאא א אא  

אW 
    S  =  Sf  -  Si                                          (5-50) 

Sf ,SiאאאאKאאא
 א    א      

אK 
 W، א Thא  אא   Tl

  א  א    ،  א  Fa E  
אFbE، אF5-7KE 

א W   א    ، א  א  א 
אS KאאFaE 

 

F5-7WEאאאאאK 

Th Tl

Th Tl

Th- dT Tl + dT

(a)(b)

q
q q



א 270 אא 
א אא אאאא 
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אאאאאאKא
،אאאאאTh،אאTh - dT،

،אאאאאTℓאא
Tℓ + dTKאאSאאK 

    S =  Ssystem  +  Ssurroundings                  (5-51) 
    Ssystem  =  Shot body  +  Scold body            (5-52) 
          =  -q/Th  +  q/Tℓ                       (5-53) 
    Ssurroundings  =  Shot surroundings  + Scold surroundings  
                         = -q/Tℓ  +  q/Th                  (5-54) 
    S  = 0                                                    (5-55) 

      א א S  K  S 
،אאאא Ssurroundings = 0 ،W 

    S  =  Ssystem   =  -q/Th  +  q/Tℓ  ,  Th  > Tℓ 

           = +ve value 

 אאא
א   Kא  א  ،       אא  

W 
S  =  Ssystem   =  q/Th  -  q/Tℓ   ,  Th  > Tℓ 

          = -ve value 

 אאא
אKאאאאא

אא  א Kא        ،א א א 
אא،א א א  אא אא אא K

אאאאאאאK،אאאא
אאKאאא

אKאאאאאK 
FאאWES  =  0 

WS  =  +ve 
WS  =  -ve                                          
 
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אאW 
 JאאW nאאE = 0 

    qrev  =  Wmax  =  RT ℓn (Vf/Vi)               (5-56) 
    S  =  q/T = W/T                                   (5-57) 

S = n R ℓn (Vf/Vi)                               (5-58) 

 Jאא:אq = 0 

: 
    S  =  q/T  =  0                                       (5-59) 

 Jא א W א       ،א  
אאdqnKאאW 

    dqp =  dH                                                (5-60) 
          =  n Cp dT                                 (5-61) 

dS = n dqp/T                                           (5-62) 
      = n Cp dT/T                                      (5-63) 

: 
∫dS =  ∫n Cp dT/T                                    (5-64) 
S = n Cp ℓn (Tf/Ti)                                (5-65) 

 JאWא
אאאאא KאW

אאאאKאאאאW 
    S  =  n Htrans/Ttrans                                       (5-66) 

 TtransאHtrans אאאאאK 
אאאW 

אאאאאאאאK
אאאא

  K א א א א אאfree energy  Wא
אGibb’s free energyא

אG אא،Helmholtz free energy א
אAKאאאW 

    G =  H - TS                                              (5-67) 
    A  = E  -  TS                                            (5-68) 
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  א   א א  FHE E    W  
אאTSא،  א G A K

،אאG  A ،אTS
אKאאאאאאK 

א   א  אא    א א א א   ،
אK 

 ،אאאאא
אKאאאאW 

    G  =  Gf  -  Gi                                         (5-69) 

אאאאאאF5-66E W 
    G  =  - TS                 (5-70) 

אאW 
אאאאאF5-66WE 

    dG = dH - TdS – SdT                              (5-71) 
                                               = d(E + PV) - TdS – SdT                  (5-72) 
                                               = dE + VdP + PdV - TdS – SdT       (5-73) 

אאאWVdP = 0  ,      SdT =  0            
    dG = dE + pdV -TdS                               (5-74) 

אWdqrev = TdSאאW 
    dG = dE + pdV -dqrev                              (5-75) 

אאאW   dE =  dqrev -  dWmax                 

אאאW  -dG =  dWmax -  pdV        
      -dG = dWuseful                                          (5-76) 

dWuseful א א   א  א א  K א א  
אא  Kא אאא א

אא Kאאאא
א،אKאאאאאאא

אאK 
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אאאאאאW 
אאdG = 0 

אdG = -ve  
א dG = +ve 

אאאW 
אאWPdV = dWmax  ,     TdS =  dqrev                   

אאאא אF5-73WE 
   dG = dE + dWmax + VdP - dqrev -SdT                (5-77) 

אאWdE =  dqrev – dWmax                         

   dG = VdP - SdT                                                 (5-77) 

אאאWא،אאא 
   dG = VdP                                                           (5-79) 

אאאאאאאW 
   ∫dG = nRT ∫dP/P                                                (5-80) 
   ∆G = G2 – G1 = nRT ℓn (P2/P1)                         (5-81) 

אאא،אאאW 
   G = Go + nRT ℓn P                                            (4.82) 

 אאאאאאאK
אאאFאא

אאאKEאאאאאאאא
אFKE 

אאאאאW 
אאW 

   aA + bB ↔ cC + dD                                          (5-83) 

אאאW 
   K = PC

c PD
d / PA

a PB
b                                         (5-84) 

אאאW 
   G =  Gproducts -  Greactants                               (5-85) 

אאW 
   G = Go + RT ℓn {PC

c PD
d/PA

a PB
b}               (5-86) 

                           Go = Go
D + Go

C - Go
B - Go

A                             (5-87) 
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אF5-854EאF5-86EW 
                           G  = Go + RT ℓn K                                       (5-88) 

אאWG = 0،W 
                           Go = -RT ℓn K                                                    (5-89) 

אאאאWא،אF5-78EW 
   dG = -SdT                                                         (5-90) 

אאאאאאא
אאאKאאW 

   dG/dT = -S                                                       (5-91) 

אF5-69EאאW 
   dG/dT = (-H - G)/T                   (5-92) 

אW 
   dG/dT - G/T  =  -/T                                    (5-93) 

אאאאW 
u = Gv = T א،Wd(u/v) =  (udv – udv)/v2            

אאאF5-93EאW 
   T dG/dT ≡ dG/dT - G/T                               (5-94) 

אאF93EW 
                             TdG/dT = - -
   dG/dT  = -H/T2                                                (5-96) 
   d(ℓnK)/dT = -Ho/RT2

                                         (5-97) 
   d(ℓn K)/d(1/T)  =  - Ho/T                                   (5-98) 
   ℓn K = -Ho/RT  + constant                                 (5-99) 
   ℓn (K2/K1) = -(Ho/R) (1/T2 – 1/T1)                     (5-100) 

 אF5-99 E F5-100 Eאא  א א  א Fא א
אEK 

 



א 270 אא 
א אא אאאא 

 
 

 - 103  -  

א 
1K א א  א10א א        

אKאא5אאאא10אאא60K 
2K ؟אאאא،אאK؟אאאא 
3K 4אא6040K

אאאאאאאאKאאאא
2אK 

4K אאאאא،אאאK 
5K אאא3אK 
6K אאאאאאW 

C10H8(s) +  12O2(g) →  10CO2(g)  +  4H2O(ℓ) 

אאא619 kcal mol-1א288 KK 
7K א298Kאאאאאאא          

kcal mol-1  173 kcal mol-18494.2 kcal mol-1KאאאK 
8K  א18אא א אא،

א20.8א kcal mol-1KאאאאאK 
Fe(s)  +  2H+

(aq)  →  Fe2+
(aq)  +  H2(g) 

9K אאאאW 
Al2O3(s)  +  3C(graphite)  →  2Al(s)  +  3CO(g) 

אאא7.01 kcal Kאא
אאאא67.6 kcal mol-1 W 
10K אאא 

C(graphite)  +  ½O2(g)  → CO(g) 
אאאאאא  W84 kcal 

mol-164.6 kcal mol-1K 
11K  א אא א   ، א  א 310.7א kcal mol-1

אאא 94.2 kcal mol-184 kcal mol-1K 
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12K אאא22.0 cal 4.29K Kאא
אאאK 

13K אW   A  +  B  →  2C                              
א153א kcal mol-1א25 oCKאאא

אא300 oC KאאאאABC6.2 cal K-1 mol-1
 5.1 cal K-1 mol-17.3 cal K-1 mol-1K 

14K 30אאאF100EK
אאא192א kcal mol-1 KאWאאאאא

אאאאאK 
15K אאא200א oCא80 oC K 
16K 5אא،אא
3א7,5KאאאK 
17K א אאא10אא20 oC 30oC K

אאא18.5א cal K-1 mol-1K 
18K אא0.01 א200 oC Kאא

אאאK 
19K אאאאאא1 atm 10 atm 

 א25 oCK 
20K אאאא25 oC 150 oC0.12 0.031 Kא

אאK 

21K אאא110-א kcal mol-1 אא
-120 kcal mol-1 א25K 

 
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אאא 
1K אאW 

   W = n R T ℓn (Vf/Vi) 
                                = 10×2×333 ℓn (10/5) 
                                = 4.616 kcal. 

2K W=+ve E = 0אאW 
   q = E + W 
                            q = W 

אq= +ve אאאאW 
  q= 4.616 kcal. 

3K אאq= 0אאq = E + W 
   E= -W 
                           W = - n Cv T 
                                = 4×2×20 = 160 cal. 
                           E = -160 cal. 

4K אאאW         

  
         (Tf/Ti)

Cv/R = Vi/Vf 
                           (50/60)3/2 =  2/Vf 

                            Vf = 3.67 L   

5K אאW 
   H = E + W 

E = -WH = 0 

6K אאאW 
H = E + nRT 
n  = 10-12 = -2 
H  = -618,800 - 2×2×288 = -619,952 cal          

7K אאW 
C(graphite)  + 2H2(g)  + ½O2(g) → CH3OH(ℓ) + H   (i) 

אאאW 
   C(graphite)  + O2(g) → CO2 -84,000 cal                   (ii) 
                           2H2(g)  + O2(g) → H2O  - 94,200×2  cal                   (iii)  
   CH3OH(ℓ)  + ½O2(g) → CH3OH(ℓ)  -173,000 cal  (iv) 

אFiiEFiiiEאFivEאא،FiE،W 
   H = -84,000 – 2×94,200 + 173,000 
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                                 = -99,400 cal 

8K אאאFHEאאאW 
H = E + nRT 
n  = 1- 0 = 1 
H = -20,800 - 1×2×298 
       = -21,396 cal mol1 

9K אאאאאW 
   Al2O3(s) + 3C(graphite) → 2Al(s)  + 3CO(g) + H       (i) 
   3C(graphite) + 3/2 O2(g) → 3CO(g) -67,600×3              (ii) 
   2Al(s) + 3/2O2 → Al2O3(s) – 7,010×2×27                (iii) 

 אFiii Eא ،אFii E Fiii E אFiE،
W 

   H = 378,540 – 202,800 = 175,740 cal 

10K אW 
   C(graphite)  + ½O2(g) → CO + Hf                             (i) 
   C(graphite)  + O2(g) → CO2 -84,000 cal                   (ii) 
   CO(g)  + ½O2(g) → CO2 -64,600 cal                    (iii) 

 אFiii E ،אא Fii E Fiii E אFiE،
W 

   H = 84,000 – 64,000 = -19,400 cal mol-1 

11K אW 
   2C(graphite)  + H2(g) → CH≡CH + Hf                         (i) 

2C(graphite)  + 2O2(g) → 2CO2 -2×84,000 cal              (ii) 
   H2(g)  + ½O2(g) → HO2  - 94,200 cal                         (iii) 

CH≡CH  + 5/2O2(g) → 2CO2 + H2O  -84,000 cal     (iv) 

אFivEא،אFiiEFiiiEFivEא
FiE،W 

   H = 2×84,000 – 94,200+ 310,700 = 48,500 cal mol-1 

12K אאW 
   q = E + W 

q = 22 calאאW = n RTn= 1 W 
E = q – W 
       = 22 – 8.58 = 13.42 cal 

13K W                                        dH/dT = Cp 
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:   Cp     =  ∑Cp(product) – ∑Cp(reactant)                             
אW   

   H2- H1/T2-T1 = ∑Cp(product) – ∑Cp(reactant)                             
   H2 + 153,000/(300-25) = 2×7.3 – (6.2+5.1) 

H2  = 152,092 cal mol-1 

14K א30/18 = 1.667  

אW 
    W = n RT 
                                         =  1.667×2×373 = 1243.58 cal 

אאאWq = 1.667×192,000 = 320, 000  cal       
אאW q = E + W                                               

       E = q – W = 318,756 cal 
אאאW S = n Hb /Tb                        

                                     = 1.667×192,000/373 
                                                  =  858.08 cal K-1 

15K אאאW 
    Eff = Th – Tℓ/Th 

                                                                = 473 – 353/473 = 0.25 

16K אאאאW 
    S = n RT ℓn (Vf/Vi) 
                                               =  5 × 2 ℓn (7.5/3) = 9.16 cal K-1 

17K אאאאW 
S = n Cp ℓn (Tf/Ti) 

                                               =  (10/18) × 18.5 ℓn (303/293) = 0.34 cal K-1 

18K אאאאאאW 
    Go = - RT ℓn K 
                                                 = - 2×573 ℓn 0.01 = -5277.5 cal mol-1 

19K אאאW 
    G = n RT ℓn Pf/Pi 
                                                = 3×2×298 ℓn 10 = 4,114 cal 
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20K אאאאאאW 
        ℓn K2/K1 = (Ho/R) {(T2-T1)/T2T1} 
                                    ℓn 0.03/0.12 = (Ho/2) {150-25/298×423} 
         Ho

 = -2,796 cal mol1 

21K אאאאאאאאאW 
    G = H  -  T S 
    S =  (H  -  G) / T 
            = -110,000 – 120,000 /298 = 33.6 cal K-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 

 

 



 

 

  

אא  

 

אאאא  

אאא 
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א







6
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אאWאאאאאאאK 
אאW 

 JאאאאאאאK 
 JאאאאאאאאK 
 JאאאאאK 
 JאK 
 

אאאWאאאK 
 

אאWאאאאאאאאאK 
 
 
 
 
 
 
 
 
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אFאEPhase rule W 
אאאאKא

 א אא  א  א   א א אא א K 
אאאאאאK 

אSystem W 

  אאא אאK
،אKאW

Homogeneous HeterogeneousKא
אאKא

א K אא  Kאא
K 

אPhase W 
א،א

אאאאKא
א،אאאאאא،אK

 א   א א  א א א  ،   א   א K
אאP K 

אComponentW 
  אאאאא א

אאKאאא،אאKא
אאאKאאא

אאאאאKאאאא
א،א Kאאאאאא

אא  אא א Kאא C KW
אאאאאW 

   2H2  +  O2 →  H2O                        (6-1) 
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 ،אא   א א      ،  א א
אאKא،אאא

אאאאאא،K 
אDegrees of Freedom W 

אאאאאאFאאא
אKEאאאאאאK 

אאW  
אFFEאאאאאFF1E

אאאאאFF2KE 
   F  =  F1  -  F2                                  (6-2) 

אאאF1  C P אא
אאאא،אאאאאW 

   F1 =  ( C -1 ) P  + 2                        (6-3) 

אאאאF2 אאאאאאW 
   F2  =  ( P - 1 ) C                             (6-4) 

אF6-3, 6-4EF אF6-1WE 
   F  =  P ( C- 1) P + 2 – C ( P -1 )    (6-5) 
   F =  C - P + 2                                 (6-6) 

אאאC P K 

אאCondensed systems W 
אא،אאאא،

א،אאאאW 
   F =  C - P + 1                                 (6-7) 

אW 
1K אאאOne-component systems W 

 אאא א  אאאא 
K 

 
 
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1WאW 
אאאאאא،

אFEאFEאFKEאאאאא
אPhase diagram אאא،א

،אאF6-1KEאאא
אא DBC אABCאאABD אK

א،אC = 1P = 1א 

 
F6-1EWאאK 

F = C – P + 2 = 1-1+2 = 2Kאאאאא
אKאא

אאאK 
אאאאKאאאBC א

אאאאDB אאאAB  K
אאאאאאאאK

אאW 
   F = C – P + 2 = 1-2+2 = 1 

 א   א  K א
א א K אא  א

אKאאBאאא
אאtriple point KאאBW 

   F = C – P + 2 = 1-3+2 = 0 



א 270 אא 
אאאאא א 
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אאאKא 
אא،אאאאאאK 

2WאW 
 אאאAllotropies אאא،

א K א  F6-2Eא  א  K  א א   
אF = 2 אאאא1F =א

B, CKאאאאאW 

 
F6-2WEאאK 

 
 אאאא،אאאאא
אWאאאאאK 

2K אW 
 אאאא

 Kאאאאאא 
KאWF = C – P +1K 

1Wאא 
 אאאא،אאא

 Kאאא א אFx% KE 

א، F6-3E، Wא א
א،אאא،אא



א 270 אא 
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אKאאאאאאא
 

 
F6-3WEאא אK 

 
אאאKאאאאאKא

אאאאאאאKא
אא  א    א    Kא  א 

אFאEW F = 2 – 1 + 1 = 2Kאא
אאאKאW F = 2 – 2 + 1 = 1 

א    אא   ،  א K   אא א 
FWEF = 2 – 1 + 1 = 2،אאא

אא،אK 
2WאאW 

،א ،אF6-4E،אא
אKאאאאאK

אאאאKאאא
אאאאK 
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 
F6-4WEאא אK 

3Wאא 
 ،א אF6-5E،loop אא
אK،אאאK 

 
F6-5WEאא אK 

אאEutectic mixturesW 
 א  אאא

אאאאKא
אאאאאא،אא

אKאF6-6E،אאא
    13%א Sb א     K א  

אאeutectic temperature ،K אAB 

א   ، א   א  BC א   K
אאFאE،אאאB،

אאFאאאEאאFא 
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 
F6-6WEאאאK 

אא Eאאא  Kאא א  
א cooling curve אאא،א،

אF6-7 KEאאאאא
אאאאאאא

א Kאאאאאא ،
א     א    א  א א  K 

אאאאאK 

 
F6-7WEאK 

אFormation of compounds W 
 ،אאK

 א   F6-8 Eא  א     
א50א٪אK 
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 
F6-8WEאאאK 

 
אאאX3 ،א

אX2  X1KאA אאא
אאX1 א،E אאא

אKאB אX3אאאאX1،
אF א אX1  א  X3 K א א  

אK 
אאאאMiscible solids W 

 א    ،א   א א
אאאאKאF6-9Eאא،

אאאאאאW 

 
F6-9WEאאאK 
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אאאאKאא
אאאאאאאK 

3K אאThree-component systems W 
 אא

אKFאEא100٪
א K אF6-10 E אא

א  א א  א K א  א  א    
א  א  ،אא  א  K  א  א א

،אאאאK 

 
F6-10WEאK 

 אאWF = C- P = 3 - 2 = 1 ،
אאאאKא

אאאאאWF = 3 - 1 = 2،KאאאW
F = 3 - 2 = 1،،אאאאK

אא،אbinodal curveא،
אאאאFאEאא

אאKאאא
אאאאF100٪Eאא،

אKאאאKאF6-11Eא
אאX אאA B C אאK 
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 
F6-11WEFxEK 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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א 
1K אאאW 

K  אאK 
K  אאK 
K  אאאאאK 
K  אאאK 
K  אאאK 

2K W 
K  אאאאK 
K  אK 
K  אK 
K  אאK 

3K אאאאאאא
אאאאאאאאאK 

4K א  ،א  א  א  ،א א  א  
אאאאאאאא،K 

 
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אאא 
1. אW 

K  F = C – P + 2 = 2 – 3 + 2 = 1 
K  F = C – P + 2 = 2 – 2 + 2 = 2 
K  F = C – P + 2 = 2 – 1 + 2 = 3 
K  F = C – P + 2 = 2 – 2 + 2 = 2 
K  F = C – P + 2 = 1 – 3 + 2 = 0 

2.  
K  א א W     א    א 

אאאאאאKא
אWאא

אK 
K  א Wא אאא  א

FאKE 
K  אWאא

אאK 
K  אאWFE

אאאאאK 
3. א،אאאא

،13% Sbאאא،
אeutectic temperature     ،   K  אAB 

א،אאBC אK 
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 

 
אאאK 

 אאFאEא،אאB،
אאFאאאEאאF

אאאEאאאKאאW
F= C-P+2 = 2-1+1= 2אאאKא

-WF = 2אאאאאWF= 2-2+1 = 1 Kאא

2+1=1אאB אא:F= 2-2+1=1K 
4. אאאאאאKא

אאKאF = 2 אא
א1אF =אB, CKאא

אאאWאאאא،אא
אאאאWאאאאאK 

 
אאK
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אאא 
 

 א אא

א   m/s810998.2 c 

FEאא  m/s2806.9g 

א   c/mol96485F 

אא 

molKatmlR

molKcalR

molKJR

./.082.0

./987.1

./314.8





 

Boltzman KJk /1038.1 23 

א Avogadro  12310022.6  molN 

אFאE 
esue

Ce
10

19

10803.4

10602.1






 

Planck  sJh .10626.6 34 

אא kgu 271066.1  

א kgme
3110109.9  

א kgm p
2710673.1  

א kgmn
2710675.1  

אFאאEe  e=2.71828182846 

אאאπ 91415926535.3 
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 
  

אא 1K=1ºC+273.16 

א 
1 atm = 760 mm Hg 

= 760 Torr 
= 101.325 kPa 
1 bar = 105 Pa 

א 1 l =103 cm3 
= 1000 ml 

1 א N = 105 dyne 

א 1 J = 107 erg 
1 cal = 4.184 J 

א 1 year = 365.25 days(d) 
1 day = 24 hours (h) 

1 hour = 60 minutes (min) 
1 minute = 60 second(s) 

א109 א esu1 C = 3 
 
 

 
 
 
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אא 
א א א 

אאSI   

א meter M 

א אkilogram Kg 

א second S 

א Newton N 

א Joule J 

א אWatt W 

א  mol 

א Candle Cd 

א Ampere A 

א Pascal Pa 

אאcgs   

א Centimeter cm 

א אgram G 

א second S 

א אdyne dyne 

א אerg erg 

א   

אא Volt Volt 

אא Ohm Ω 

אא Colom C 

א liter L 

א atmosphere atm 

אא kelvin K 
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אאאא 
 

אאאאאK 
  

אא אא א
femto f 10-15 

pico p 10-12

nano n 10-9

micro μ 10-6

milli m 10-3

centi c 10-2

deci d 10-1

kilo  k 103

 mega  M 106

giga J 109

tetra T 1012א

 
אW 

                               1 m = 10 dm = 100 cm =106 μm 
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 
א אא אא 

 
Α 

α 

 B β 

 Γ γ 

 Δ δ 

 Η η 

 Σ σ 

 Π π 

 Φ φ 

 Ψ ψ 

 Ω ω 

 Θ θ 

 R 

 Κ κ 

א Ε ε 

 Μ μ 

 Ν υ 

  Λ λא

 τ 

 χ 

  
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אאא 

 
א א א

א 

א
א 

r 
Å 

IE     
kJ mol-1 

EA     
kJ mol-1 

EN 

H 1 1.008 0.37 1312  2.2 

 He 2 4.003 0.5 2373  - 

 Li 3 6.939 1.52 520 -58 1.0 

 Be 4 9.012 1.11  250 1.6 

 B 5 10.811 0.88  -23 2.0 

 C 6 12.011 0.77  -108 2.6 

 N 7 14.007 0.70  0 3.0 

 O 8 15.999 0.66  0 3.4 

 F 9 18.998 0.64  -333 4.0 

 Ne 10 20.183 0.70 2080  - 

 Na 11 22.99 1.86 496 -53 0.9 

 Mg 12 24.31 1.60  230 1.3 

 Al 13 26.98 1.43  -44 1.6 

 Si 14 28.09 1.17  -135 1.9 

 P 15 30.97 1.10 1012 -74 2.2 

 S 16 32.06 1.09  -200 2.6 

 U 17 35.45 0.99  -348 3.2 

א Ar 18 39.95 0.94 1527  - 

 K 19 39.10 2.31 419 -48 0.8 

 Ca 20 40.08 1.97 590 154 1.0 

 Cr 24 52.00    1.6 

 Mn 25 54.94    1.5 

 Fe 26 55.85    1.8 
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 Co 27 58.93    1.9 

 Ni 28 58.71    1.9 

 Cu 29 63.54    1.9 

 Zn 30 65.37    1.6 

 As 33 74.92 1.21  -77 2.2 

 Br 35 79.91 1.14  -324 3.0 

 Kr 36 83.80 1.09 1356  - 

אאSr 38 87.62 2.15  120 0.9 

 Ag 47 107.87    1.9 

 Cd 48 112.40    1.7 

 Sn 50 118.69 1.40  -121 2.0 

א Sb 51 121.75 1.41  -101 2.1 

 I 53 126.90 1.33  -295 2.7 

 Xe 54 131.30 1.30 1176  - 

 Ba 56 137.34 2.17  52 0.9 

 W 74 183.85    1.7 

 Pt 78 195.09    2.2 

 Au 79 169.97    2.0 

 Hg 80 200.59    1.9 

 Pb 82 207.19 1.75  -101 2.3 

 Bi 83 208.98 1.46  -100 2.0 

אZIE{אאZEA{אאZEN{אZr 
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אאא25 
  

א  א 

א  ka 

א H2CO2
11

2
7

1 106.5,103.4   kk  

א HCN10108.4   

אFאE CH3COOH5108.1   

אFאE HCOOH4108.1   

א C6H5COOH5103.6   

א H3BO3 
10102.7   

א HCl710  

א HBr910  

אא HI1110 �
א H3PO4 

13
3

8
2

3
1

108.4

,102.6,109.6








k

kk
 

א H3BO3 9109.5  �
א H2S13

2
8

1 102.1,109.8   kk  

א kb 

א NH4OH5107.1  �
 C6H5NH2 

10101.4   

א CH3NH2 
4105   

 C5H5N9107.1   
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אFkbEאFkfEא 
א 

kb 

°C/molal

kf
°C/molal

א H2O0.511.86

א CH3CH2OH1.22

א CH3OH0.83

א C6H62.535.12

א C6H5CH3 

אא (C2H5)2O2.02

 C H Cl33.63

 א
א 

C Cl4 5.02

37.7 א

א CH3COOH3.9

אא C6H12 20

 C6H5Br14.4

 6.9

 7.3
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א25אK 
  

א אאאλ∞ 

א H+ 349.8

א Li+ 38.69

א Na+50.11

א K+ 73.52

א NH4
+ 73.4

א Ca+

2
159.5

א Ba+

2
1127.2/2

א Pb+

2
1

א Zn+

2
1105.6/2

 

־ אOH198.0

־ אCl75.23

־ אBr78.1

א ־I76.80

־ אCH3COO40.9

־ אSO4
2

2
179.8

א ־CO3
2

2
1138.6/2
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אאאא25אFאאEK 
  

א אא
Li+ + e = Li -3.045
K+ + e = K -2.925

Na+ + e = Na -2.714
Al3+ + 3e = Al -1.662

Zn2+ + 2e = Zn -0.763
Fe2+ + 2e = Fe -0.440

PbSO4 + 2e = Pb + SO2- -0.36
Ni2+ + 2e = Ni -0.250

Sn2+ + 2e = Sn -0.136
Pb2+ + 2e = Pb -0.126

H+ + e = 1/2H2 0.00
Sn4+ + 2e = Sn2+ 0.15

Cu2+ + e = Cu+ 0.153
AgCl + e = Ag + Cl- 0.222

Hg2Cl2 + 2e =2Hg +2Cl- 0.268
Cu2+ + 2e = Cu 0.337

Cu+ + e = Cu 0.521
I2 + 2e = 2I- 0.536

O2 + 2H+ = H2O2 0.68

Fe3+ + e = Fe2+ 0.771
Ag+ + e = Ag 0.799

O2 + 4H+ + 4e = 2H2O 1.229
PbO2 + 4H+ + 2e = Pb2+ + 2HO 1.455
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אאאא25 
 

א  אאks 

א Al(OH)3 
15107.3  

א Ca(OH)2  

א Mg(OH)2 
11102.1  

א Ba(OH)2  

א Cu(OH)2  

א AgCl 10100.1  

א AgI 16105.1  

א AgBr 13107.7  

א Ag2CrO4 
12100.9  

א CuS 45105.8  

א Hg2S  

א PbS 29107  

א Bi2S3  

א Ag2S  

א BaSO4 
10101.1  

א CaSO4  

א CaCO3  

א BaCO3  

א ZnCO3 
10102  
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אא F /kcal mol-1HoE25 
אא Ho 

 
א Ho 

 

אCO -26.42 אC6H6 
11.72 

אCO2 
-94.05 אCH4 

-57.08 

אCH4 
-17.89 אC2H3 

-66.41 

אC2H2 
54.19 אאCCl4 

-33.25�

אCH3CH3 
-20.24 אH2O -68.32 

אC3H8 
-24.82 אאNaCl -98.35 

אC6H6 
19.82 אאNaCO3 

-270.53 

אCH3OH -48.08 אאSiO2 
-217.92 

אC2H5OH -56.63 אאCuCO3 -288.73 

אH2O -57.80 אאPbO 
-51.20 

אNH3 
-11.04 אאAgCl -30.38 

אHCl -22.06 אאAgBr -23.80 

אHBr -8.66 אאAgI -14.93 

אHI 6.2 אאPbS -23.52 

אSO2 
-70.96    

אSO3 
-94.45    

אC2H4 
12.50    

HCOH -116�   

 JאאF2,Br2,Cl2,O2,N2,H2 אK 
 Jאאאאאאאאאא

אK 
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אאאFE 
 

אא א אא א 

H-H 432 H─Si 323 
O-O 146 C─N 305 
N-N 160 C─O 358 
F-F 154 C─S 259 

Cl-Cl 239 C─F 485 
Br-Br 193 C─Cl 339 
C-C 347 C─Br 276 
C═C 614 C─I 240 
C≡C 839 N─F 272 
N═N 418 N─Cl 200 
O═O 495 N─Br 243 
H─C 413 C═O 799 
H─Cl 427 C≡O 1072 
H─O 467 N═O 607 
H─N 391 C≡N 887 
H─Br 363 N≡N 941 
H─S 347   
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 
אאW 

 FbaseEFpowerEאא
{אW 

1K 10אאאאlogK 

2K אe = 2.71828אאאlnK 

1Wאאאא34.67K 
1.540             =   log 34.67 

ln 34.67 = 3.5459             

2Wאאא1.67–אאא3.76K 
Anti log (3.76) =5754.3393 
Anti ln (-1.76) = 0.1720       

 
א אא 

אG log A + log B ≠ log (A+B)  

אG log A - log B ≠ log (A-B) 

אG log A + log B = log (AB)  

אG log A - log B = log (A/B) 

אG B log A = log (AB) 

אG )
A

1- log A = log (  

 log 10 =1 ; ln e = 1 
 log 0 = ln 0 = -∞ 
 log 1 = ln 1 = 0 

 ln A = 2.303 log A 

GlnlogאK 
אאאW 

Wאאאאא 
ax2+ bx+ c = 0 

c,b,aאאxאW 
 
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aacbbx 2)4( 2  
אאxאK 

 
WאxאאאW 

422  xx  
אWאאאW 

ax2 + bx + c = 0 
 

x2 + 2x - 4 = 0 
xאW 

 
aacbbx 2)4( 2  
 

     12)41442(  
   x = 1.236x = -3.236 

אW 
 אאאScientific notationאאאאK

א Wאא אא אא
אFEאאא{אא

   א      א  אK א 
אאאK 

 1W 3570000000אא א   8107.35    
K 

2W0.000000000357אא101057.3 9107.35 
810357 אאאK 
 
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אאW 
1K אA10a +B10a = (A+B)10a            

2K אA10a -B10a = (A-B)10a            

3K א    10a10b = 10(a+b) 

4K א             10a/10b = 10(a-b   ) 

5K א 

1/10a = 10-a 
100 = 1 

10∞ = ∞ 

0a = 0 

1Wא0.0037 ,0.00081K 
אWאאאW 

  00451.0101.45101.837

101.81037
44

44








 

2Wא35 101.7,108 K 
אW 

6580108.65101.78101.7108 23535    
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 - 142 -

אאW 
אאאאאא

אאאאאאאאK 

1K אאאאאאFxEa, nאW 

 
א אא 

adx ax 
1nnx nx 

x

dx xln 

dxe x ne 
0 a 

2x

dx 
x

1 

 2xa

dx


 

xa 
1 

 
2K אאאאאאF(xW 

 
אא אא 

2
2

1 x x 
1

1

1 


nx

n
 

nx 

xe xe 
ax a 

xln 
x

1
 

 xa  ln 
xa 

1
 

 
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אא 
אאאW 

1 Jאאאאאאאא
،אאאא،א،אא،1996K 

2 J،אא،א،א،1982K 
3 J ،א א  א   א  א אא  ،

،א،1998אK 
4 J،אא אא ، Jא،א א

،1993אK 
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