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אאW 
 אאאאאאאאא

אאא
אאאאאאK 

 
אאWאא 
• אאאאאאאK 
 Kא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אK 

• אאאאאאאאK 
 

אאאW 
 
 

אאW 
אאאאK 

 
 
 
 
 
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 :1-7 
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

K 
 אאאאאאא

אאאאאF
אKE 

  
:2-7 אאאא Some Chemical Thermodynamic Terms  

  אא
،אאSystem)E،

אF(UniverseאאאF (Surrounding
אאאBoundaries)KE 

 אא
אא،א،א

אא،אאאאאאK 
  אא،F

א،אאאEאאא
אא،(Thermodynamic State of a System)א،

،א،אאאאאאא
אא،אF،،Eאאאא

אאאא،א
אאאאאאא،אאא

אא(State Functions)אאא،
،א،אאאאא

،אאאאאאאאאK 



א ١٧٠ אא 
א אא אאאא 
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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 ∆(Delta)K 
  אאאאT∆אא∆Pא

א∆V،אאאאאאאאK 
 

∆ T  =   T2  -  T1 
 

T2T1אאאאאאאאאK 
FEאאK 

אאאאאא–א
א–אאא(Heat of Chemical Reaction)K 

אאא(Exothermic)אאא
א،א(Endothermic)אאא،א

אאאq،qאא
אאK 

 א–אאאאא
אW 

אCH4(g) + O2(g)              CO2(g)  + 2H2O(L) + 
 

 אאא٨٩٠،אאא
אF٨٩٠-Eאאאא،٠٢}٦

אK 
H2O(s) + 6.02KJ             H2O (L) 

  
אא،אאאFqE٠٢}٦HK 

،אאאאאאא
אאאFאאE،אא



א ١٧٠ אא 
א אא אאאא 
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FqpEאאאאאאא
אאאאא،

א(Steel)K 
 אאאאFqpEאא

אFEnthalpyEאאאFHeat ContentEH،
אאKK،אא

אא،אא
אאאאאא–אאא–א

אאFState FunctionE،אאא
אא،אאאFH∆Eאאאא

FqpEאאא(H1)FאאאאEא
א(H2)FאאאאEאאא،

אאאאאW 
 

qp= ∆ H = H2  -  H1 
 

  ∆HFEאאאH1  <  H2
∆HFEאאא

H2H1  > K 
אאFEnergyEאא

אFPotential EnergyE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FאאאE

F Adiabatic Process Eאאאאאאא،F
E،אאאא،אאא

אK 



א ١٧٠ אא 
א אא אאאא 

  
  

- ١٧٦ -  

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،(Heat Capacity)אא،

אאאאאאאK 
אאאL°FJ/C°E،אאאFSpecific HeatE

אאאאאא،אאאאאא
،אאאLK°)(J/g. C°K 

 
אאא=א×אאא 

 
אאאאאאא،אאאא

אאW 
 

אאFE=אאא×אאאF°E 
 

אאא=אאא×אFE 
אאאW 

 
אאFE=אאא×אFE×אאאF°E 

  
אאאאא

אאK 
 
 
 
 



א ١٧٠ אא 
א אא אאאא 
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Wא٥}١٨אאאא١١٧٠א
א٢٥°٥}٢٩°אאאאאK 

 
אW 

אא = אאא×א×אאאאא
K 

 

אאא = 
אאאא 

א×אאא 
 

א 
 

= ١١٧٠ 
(25 – 29.5)× 18.5 

 
 = ٩٣٧}٠LK°   (J/g. C° ) 

 
 
 
 
 
 
 
 
 
 
 
 



א ١٧٠ אא 
א אא אאאא 
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W 
א٢٥א٩٥°٥٠אא٢٥°،

אא٨}٢٩°אאאא١٨٤}٤L° 
؟אאא 

אW 
אאאא=אאאא 

 אאאא=אאא×אאאK 
      = 4.184 × 50 × ( 25 – 29.8 ) 
      =1004 

אאאא=אאאCאCאאא 
1004-=( 29.8 – 90 )×25×אאא 

אאא= 1004- 
( 29.8 – 90 )  × ٢٥ 

 
        LK°K   0.667 =                                        

3-7W אאHeat of Reaction Measurement       
אאאאFqp  EFqvKE 

אאאאא
אאאאאאאא

אא(Calorimeter)אאאא
אאא–אאאא

FNeutralizationE،אFאאEא
אאqpאא∆H  K 

∆H  =    qp 

 
אאאqp∆Hאאא

אאאאאאאא
אאאאאK 



א ١٧٠ אא 
א אא אאאא 
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W 
א٥٠א٥}٠٥٠א
٥}٠אאא٣٣٥L°K

אאאא٩°}٢٤،א° ٥}٢٢אאאא
אאאאאאאאK 

 
 

אW 
אאאאא 
אא= JFאאHאאE 

∆ H  =    qp = - (  q sol  +   q cal) 
                                                  

• אאאא(q sol)W 
=אאאCאאאCא 

 (50 + 50)  × 4.184 × (24.9 – 22.5 ) =           
=FE2.01 ×  103  J   

 
• אאאאאא(q cal)W 

=אאאCאאא 
 335  ×  (24 – 9 – 22-5)        =           

 804   J        =           
 

qsolqcalאאW 
qp  =  - ( 804 + 2.01 X 103) 

=   - 2.81kJ                      
W∆H  =  q p 
2.81KJ=אא=∆H∴ 

 



א ١٧٠ אא 
א אא אאאא 
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אאאאאא–אאא–
אא(Strong steel)

א(Bomb Calorimeter)،אאאאא
אא،אאאאאאאא

אאאK 
א(∆V = 0)א(∆T = 0)א

א(∆E)אא(qv)אFworkEא
FאאEאאK 

∆E =      q v 
 

אאW 
אאא=אאאHאאא 

אאאא 
 

אאאאאאאא
(Water equivalent)אאאא،

אאא،אאאאא
אאאאאאא

אK 
אא١

א٥٩٨}٩אאאאאא
אאאאאאא٦٢٩}٠°K 

אאאאZאאא Jאאא 
(q v)אאא 

qv  =     9598  -  ( 3000  × 4.184 ×  0.629)                      
=   9598   -   7895                                                        
=     1703  J   or  1.703  K  J                                        

 
 



א ١٧٠ אא 
א אא אאאא 
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١א×١° 

× 
אאאא

= אא
אאא אאא 

 
١×١ 

× ١٧٠٣ 
= 

4.184 0.629 
 

=   647   g   H2 O                                                                              
א٦٤٦Kאאאאא

אאאא٦٤٧אאK 
 

Wאא٤٣٥}١אC10H8 א
٢٠٠٠אאא٢٠°٢٦°אאאא

٨}١LאאאאאK 
 

אFWE 
• אאאאFqwאqEאאW 

אאאCאCאאא= qw 
=  4.184  ×  2000 × (26 – 20)                                

=  50.21 k J.                                                             
 

• אאאאאאW 
אאאCאאא=calq=אאאא 

=  1.8  × (26 – 20)                                               
=   10.8  K J                                                         

אאאאאW 
=   50.21  +  10.8                                                 

=   61 KJ                                                               
אאאאא= אאא 

FEqv =  - 61KJ 



א ١٧٠ אא 
א אא אאאא 
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4-7WאאStandard Enthalpy of Reaction 

אאא∆H)  لѧѧاو للتفاع  
(∆Hאאאאאא

אאאאאאאאאא
.( Thermochemical Equations ) 

½ H2 (g)  +  ½ Br2 (L)           HBr         ∆HR = - 36.4 KJ 
 

2CO2(g)  +  3H2O(L)            C2H5OH(L) + 3O2(g)    ∆HR= +1367 KJ 
 

אW؟א؟אאא 
∆HאאאאF،،

E،אאאא J٢٣٨L١٠٠
١، J٢٨٦L٢٥°١K 

∆HRאאאאא
אאאאאאFStandard 

StateEאאאאאאאאא،
אא٢٥°F٢٩٨،KEא،אא

אא∆H°
Rאא∆H°אאאK

אאאאאאאאאאאאF١KE 
אאאאFאאאE
٢٥°٢٩٨א٢٥°،

אאאאאאאא
אאK 

 
 

 



א ١٧٠ אא 
א אא אאאא 
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א ١٧٠ אא 
א אא אאאא 
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5-7Wאאא Standard Molar Enthalpy of Formation         
אאא∆H°

f][∆H°אאF
אאEא،אא

אאאאאאFHeat of FormationKE 
W 

אאאאאאא
אאFאאאאאאאאKE 

אאאאא٢٥°אאאאא
אאאאאאK 

 
H2 (g) + ½ O2 (g)             H2O (L) + 283KJ or ∆H°

R =    ∆Hf
° = - 283K 

אאאאא
    ∆Hf
° 

H2 (g) + Br2 (L)            2HBr (g) + 72.8KJ or ∆H°
R =    - 72.8K 

 
אאHBr(g)––אא

אאאאא∆H°
R∆Hf

°،
אאאHBr(g)א

א∆Hf
°K 

 
∆Hf
°אא

W 
 

½ H2(g) + ½ Br2(L)              HBr(g) + 36.4KJ or ∆Hf
°  = 36.4KJ 

 
 
 



א ١٧٠ אא 
א אא אאאא 
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אאאאאאא
אאW 

 

אא=
אאא

אא –
אאא

אא 


  
FאאE∆Hf

°-FאאE∆Hf
°∆H°

R  = 
 

،אאאאא
אאאאא،א

אאאאא،אK
אאאאאK 

 
Wא∆H°

Rא٢٥°א 
2NaHCO3(s)                   Na2CO3(s) + H2O (g) + CO2 (g) 

אאאאאאא 
NaHCO3(s)  =  - 947.7 KJ mo1 -1                 
Na2CO3(s)  =    - 1131 KJ mol -1                  
H2O(g)  =  - 242 K J mol -1                           
CO2(g)  =  - 394 KJ mol -1                            

אW 
FאאE∆Hf

°    - FאאE ∆Hf
° ∆H°

R = 
= ∆H°

f [Na2CO3(s)] + ∆H°
f [H2O(g)] + ∆H°

f [CO2(g)] - 2 ∆H°
f [NaHCO3(s)] 

א 
= (-  1131) + ( - 242) + ( - 394) – 2 ( - 947.7)                

∆H°
R =   +    128.4 KJ                                                             

 
 



א ١٧٠ אא 
א אא אאאא 
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6-7WHess Law           
FאאאE}אא

אאFאE
FאE،אאאאא

אFPathwayEאאKאא(D)א(A)
א(D)א(A)א

(B)(C)،אאW 
 

 
 
 
 

אH4∆אאאא
א(D)אא(A) ∆ H3 , ∆ H2  ,  ∆ H1 אא

א(D)א(A)א،
 H4∆ H3 ,  ∆ H2  ,  ∆ H3K 

 
∆ H4   =   ∆ H1  +   ∆ H2   +   ∆ H3                       

 
אא

،א،אא
אאאאK 

 
אאאאאא

(CO)אאאK 
½O2 (g)              CO (g)       ∆H1= 0                                 + FE C F١E 

 אא
אCO2אFE،אאא

DA

B C

∆H4

∆H3
∆H1 

∆H2



א ١٧٠ אא 
א אא אאאא 

  
  

- ١٨٧ -  

אCO(g)אא
אאא،אא

אאW 
½O2 (g)                   CO2 (g)       ∆H2= -283.0 KJ                   CO     +  F2E 

O2 (g)              CO2 (g)       ∆H3= -393.5 KJ                    + FE C F3E 
∆H1K 

WאאF٢EF٣EאF١E∆H1א،
אאW 

FE אF٢EF٤KE 
(4)   CO2 (g)           CO (g) + ½ O2 (g)      ∆H2 = +283.0 KJ                 

FEאF٤EאF٣E 
O2 (g)              CO2 (g)           ∆H3= -393.5 KJ                    + FE C F3E 

 (4)   CO2 (g)           CO (g) + ½ O2 (g)                 ∆H4 = +283.0 KJ                    
 

+  ½ O2 (g)                CO (g)                  ∆H= -110.5 KJ                              FE C  
 
 

אאא٣٤אF١Eא،∆Hא
∆H1K 

 
 
 
 
 
 
 



א ١٧٠ אא 
א אא אאאא 

  
  

- ١٨٨ -  

WאFאאKE 
           ∆H2= -283 KJ                                        

                     CO (g) + ½ O2 (g)                               CO2 (g)                            
 

∆H3= -393.5 KJ        
 

+     O2 (g)                                      FE C  
 
 

אאא 
∆H1 +    ∆H2      =      ∆H3                                                      

 
א 

∆H1 =     ∆H3      -      ∆H2                                                      
 

∆H2∆H3א 
∆H1 =   - 393.5   - (- 283.0)                                                

= - 393.5 + 283.0                                                      
∆H1 = - 110.5 KJ                                                               

אאאאאCO(g)אא–
٥}١١٠ א،∆H1אא

CO(g)∆Hf(CO(g))K 

אאאאא(∆H°
R)

א ∆H°
f אאאאאאאאא

אאאאK 
 
 
 
 

∆H1 



א ١٧٠ אא 
א אא אאאא 
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 אאW 
אאאאW 

 
(1)      3H2 + ½ O2 + 2C ()                    C2H5OH (L)      ∆H°

f = -277.7 KJ 
(2)     2C ()       + 2H2 (g)               C2H4 (g)                ∆H°

f = 52.3 KJ 
(3)     H2 + ½ O2 (g)                 H2O (L)                    ∆H°

f =-285.8 KJ 
 

אאא(∆H°
R) 

  
 C2H4 (g)  +  H2O (L)                                C2H5OH(L) 

 
אWאא∆H°

f ∆H°
R 

FאאE∆H°
f    - FאאE ∆H°

f  ∆H°
R = 

 
= ∆H°

f (C2H5OH(L)) -  ∆H°
f (C2H4(g)) + ∆H°

f (H2O(L)) 
 

∆H°
fא١א،٢،٢W 

=   - 277.7 – [ 52.3  +  (-285.8)]                                               
=   - 277.7  -  [ - 233.5]                                                              
=  - 277.7 +   - 233.5                                                                  
= - 44.2 KJ                                                                                 ∆H°

R 
 
 
 
 
 
 
 

 
 
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7-7WאאאEnergy and Enthalpy of Chemical Bond  
אאא(E)אאאא

אאאאאאK 
 אאאאאאאא
٤٣٦FLKE 

 
H2 (g) [ or H- H(g) ]  +  436 KJ           2 H(g)                        

 
אאאא٤٩٨אLK 

 
O2(g)  [ or  O = O(g) ]  +  498 KJ          2O(g)                            

 
٤٣٦L٤٩٨LאאאH-H(g)

אאאO = O(g)אאK 
–אאאא(E)אאאא

(∆E)אאאאאא
אאK 

∆E  =   ∆H   +  P∆ V 
 

א(W=P∆V)א∆Eאאא
אא،א(P∆V)א،אאא

אא(∆H)אאאאאא
אאא،אאאאK 

 
∆E  =  ∆H 

 
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אא
אאאאK 

H2 (g)                          2 H(g)                    ∆HH-H = + 436 kJ               
 

O2 (g)                         2 H(g)                    ∆HO=O = + 498 kJ        
אאא

אאא٢א
אאאאאאאK 

∆H°
f  [ O(g) ] = +498 ÷ 2  =  + 249 KJ \ mol 

∆H°
f [H(g) ] = +436 ÷ 2  =  + 218 KJ \ mol 

אאאאאא 
 

א∆H°
f  KJ \ molא∆H°

f  KJ \ mol 
F 79.1 H ٢١٨ 

Na ١٠٨  Li ١٦١ 
Si ٤٥٤ B ٥٥٥ 
Cl ١٢١ C ٧١٥ 
Br ١١٢ N ٤٧٣ 
I ١٠٧ O ٢٤٩ 

אאאאאאאא
–אאC - Hא(CH4)א(C2H6)

אאא،אא،
אאאאא(CH4)K 

CH4(g)                  CH3(g) + H(g)                 ∆  H1 = 427 KJ/mol (1)  
 

CH3(g)                  CH2(g) + H(g)                   ∆   H2 = 439 KJ/mol(2)  
 

(3)   CH2(g)                  CH(g) + H(g)                  ∆  H3 = 452KJ/mol 
 

(4)   CH (g)                  C(g) + H(g)                     ∆  H4 = 347 KJ/mol 
א 



א ١٧٠ אא 
א אא אאאא 

  
  

- ١٩٢ -  

CH4(g)                  C(g) + 4H(g)                   ∆ HR = 1665 KJ/mol 
 

∆HR  =  ∆H1  +  ∆H2 +   ∆H3 +   ∆H4 
 

אC – Hאאא 
 

١٦٦٥ 
=∆ HC-H ٤ 

 
=   416  KJ/mol                                                

 
אאאK 

 
אא אאאF/ Eאא אאאF/ E
C-O ٣٥٦ H-C ٤١٥ 
C=O ٧٢٤ H-O ٤٦٣ 
C-N ٢٩٢ H-N ٣٩١ 
C=N ٦١٩ H-F ٥٦٣ 

C ≡ N ٨٧٩ H-Cl ٤٣٢ 
C-C ٣٤٨ H-Br ٣٦٦ 
C=C ٦٠٧ H-I ٢٩٩ 
C ≡ C ٨٣٣ H-S ٣٦٣ 
N-O ٢٠١ F-O ١٩٠ 
H-H ٤٣٦ F-F ١٥٥ 

אאאאאאK 
אאאא

אאאאאאאא
אאאאאK 
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∆H°
R =   ∆H° reactants in the gas phase   -  ∆H°  products in the gas phase 

 
∆H°  =   ∆H°  אאאא   - ∆H°  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K 
W 

אאאאאא٢٩٨אK 
 

Br2(g)  +   3F2(g)              2BrF3(g) 
 

∆H°  F-F            =١٥٩L،∆H° Br-Br=١٩٢/، 
  L  196= ∆H° Br-F 

אW 
∆H°

R= (  ∆H° Br-Br   +    3     ∆H° F-F) -    ∆H0 (Br-F) 
=  [ 192 + 3 (159)]   -     (197) 
=  [  192 + 477]  -  1182            
=  -  513 KJ                              

אWאאא؟א 
אאאאאא

K 
W 

אאאאאO  =  OאאW 
C3H8(g)  +  O2(g)             3CO2(g)  +  4H2O(g)     ∆H°

R= -2.05×103KJ 
אאא347 =   ∆H c-c  ,  741 =   ∆H c=o    

464 =   ∆H o-H,   414 =    ∆H c-HאאאLK 
∆H°

R = [2 ∆HC-C + 8 ∆HC-H + 5 ∆HO=O] – [6∆HC=O + 8∆HO-H] 
-2.05×103 = [2(347) + 8(414) + 5 ∆HO=O] – [6(741) + 8(464)] 

אאאW 
5 ∆HO=O = 694 + 3.31×103 – 4.45×103 – 3.7×103 – 2.05×103 
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= 2.11 ×103                                                                                    
∆HO=O = 2.11 ×103                                                                                    

= 422 KJ/mol ( مول\آيلو جول )                                               
8-7WאEntropy        

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[0 > ∆H > 0 ]
אאאא،אא

אאא،אאאF  =     ∆HEא
אאאאאא،אא

אאאאאאאאאא   
=∆H]   [אאאא=    ∆H ] [

אW 
١ Jאאאא،K

∆H, ∆E ,W , qאאאא
אאאK 

٢ Jאאא(NH4NO3)אאאאF=∆H
KE 

٣ Jאאאא
אאאF= ∆HKE 

N2O5(s)            2NO2(g)  +  ½  O2(g)               ∆H°
R = 109 KJ           

 א  Wא   אא  א
א؟א 
 ؟אאאאאא
אאWאאאאאאאאK 



א ١٧٠ אא 
א אא אאאא 

  
  

- ١٩٥ -  

 אאא،א
FאאEאא،אאאאא

א،א–אאאאא
אאא،אאאN2O5אא

אאאאאאא
،אאאאא،אאאאאאW 

 
אא>אא>אא 

 
אאא 

 
אאא

אאאאאFאEאאאא
אאאאאאאאא(S)א

אאא،١אאאאW 
 

S  (s)        <    S(L)      <       S(g) 
אא 

 
אא( ∆ S)אאא–אאא

א J(Si)אא–אאאא J(Sf)א
אK 

 
אא=אאא-אאא 

W 
    ∆S     =    S(f)    -     S(i)                                                       

 



א ١٧٠ אא 
א אא אאאא 
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אא∆SאS(i) < S(f)אאא،F ∆S =
EFאEאאא،אאאא

אאF∆SZE–אW 
H2(g) + O2(g)             H2O(L)           ∆S =  -                

אאאאאא٢٩٨F٢٥Eאא
אא( S° )،אאאK 

 
∆ S°  =  S°

 (f)   - S°
 (i)                                            

אאאאא(Absloute Entropy)
KאאLאאLK

KאאK 
 

Wאאא∆ S°אא(N2H4)אH2O2
אא(N2H4)אH2O2Kאאאא

אאאאאאאK 
N2H4(L)  + 2H2O2(L)                N2(g) + 4H2O(g) + Energy 

                 S°  =  121.2      109.6               191.5     188.7                        
אS°LKK 

אW 
∆ S° = [S°N2(g) + 4 S°H2O(g)] – [S°N2H4(L) + 2 S°H2O(L)]                      

                     
= [191.5 +4(188.7)] – [121.2 + 2(109.6)]                            

                             
= + 605.9 J/K                                                                           

                                                                
 
 
 
 
 
 



א ١٧٠ אא 
א אא אאאא 
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7–9WאGibbs Free Energy 
 אאא  =  ∆ S) Eא

אא= ∆H][אאאאאאאאא
אאאאאאא=∆S)Eא

=∆H][א،אFE–
אא–אא–אא–

אK 
אאאא

(J. Willard Gibbs)אאא
אא،–GK 

 
?אאא?G  =  H – TS 

 
אאאאאאאאא

،אאאאא
א]،אאא[  Gpאאא]،אאא[  GRK 

 
∆G   =   Gp   -  GR 

 
אאאאא

אאאGPGR∆G
،–א∆Gאא

אאאא 
 
 
 

 



א ١٧٠ אא 
א אא אאאא 
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אG אFאאא
H  
٠ אא 

 J  
אא–

(Gibbs-Helmhotlz Equation) אאאאא
אK 

 
∆G =    ∆H   -  T ∆ S 

אאאאאא∆H° אא∆ S°
אאאאא،אאא

אאW 
∆G ° =    ∆H °   - T ∆ S°                                                                                  

אאאאאא
אאא∆G °

fאא(∆G °
f)Rאא(∆G °

f)pאא
אאאK 

 
∆ G ° =   ∑ np (   G °

f)p      -     ∑ nR (G °
f)R 

 
∑אאnאאאאK 

 
אאאא(∆ G°

f)אא
אאאאא،

אאאאאאאK 
 
 
 
 
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Wאא٩٩٪אאאא
אא(Reasonably Unpolluated Air) K 

א∆G ° א٢٩٨א∆Gf(NO)(g)٥٧}٨٦
LK 
 

N2(g) +  O2(g)                     2NO(g)                                        
 

אא؟ 
 

אW 
∆G °  =  2 ∆G °

f(NO)(g) – [∆G °
f(N2)(g) - ∆G °

f(O2)(g)] 
= [2(86.57) – [0 + 0 ]                                   

= + 173.1 K J                                               
 

∆G °
א٢٩٨אK 

 
WאאK 

 
Wא∆G °

fאאאאW 
 

O2 (g)              CO2 (g)       ∆H0
f= -394  KJ/mol                    + FEC(S) 

 
אאאא=٠}٢٠٥א=٦٩}٥

א=٦}٢١٦אLKK 
אWאאא∆Sא،∆S°

f
אאK 

∆S ° = ∆S °
f(CO2)g = [S ° CO2(g) –(S °C(s) + S °O2(g))]  

= 213.6 – ( 5.96 + 205)          
= 2.9 J / mol.k                         
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∆G °
fאאאאאW 

∆G °
f (CO2)g = ∆H °

f(CO2)g – T ∆S(CO2)g                        
 

אאאאאL
KאLKאא
LK 

 אאא١٠٠٠K 
∆G °

f (CO2)g = -394 –[298 (0.0029)]         
= -394.86 K J / mol                

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א ١٧٠ אא 
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W 
١WW،אאא،אא،،אא،

אא،،אאK 
 
٢W א∆H °, ∆H؟ 
 
٣WאאFqEא(   ∆H)؟א 
 
٤W אאאאאאW 

PbO(S,Yellow) + CO(g)              Pb(s) + CO2(g)         ∆H °
R =-65.7K J  

 
٥W אאאאאאאK 

C(g)  +  4H(g)           CH4 (g)                                          
אאא؟ 

 
٦W א∆ H0

R   ∆ H0
f

אאK 
• א[HBr(g)] 
• א[ NO2(g)] 
• [ C2H4(g)] 
• א[ CaI2(s)] 

 
٧W אא٠}٥٦Lאא

א١٢}١°،אאאאאFqKE 
 
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٨W אאאאאF٥}٥٥Eא
٢}٢٢°٥}٥٠°אאאא٨٩٥}٠L°K 

 
٩W א؟אאאאא 
 
١٠Wא٢٢}١١٠٠אא

٠٢}٦א١}١Kאאאא٠}٢٣°א،
אא٥}٤٥א°אא،אא٥٦٢אL°K 

אאא(   ∆ H)א،אא
אאאאאא١٨}٤אL°K 

Mg(s)  +  2HClaq              MgCl2(aq)  +  H2(g)              
 
١١Wאאא∆ H °

RK 
C2H5OH (L) + 3O2 (g)           3H2O (L) +2CO2 (g)      ∆ H °

R= -1367 K J 
C2H4 (G) + 3O2 (g)              2CO2 (g) + 2H2O (L)        ∆ H °

R= -1411         
 

∆ H °
RאK 

C2 H4(g)  +  H2 O(c)             C2H2OH(L)                          
 
١٢Wא∆S °FEאW 

2H2(g)  +  O2 (g)             2H2O(g)                                            
 

CaO(s)  +  2NH4Cl(s)                   2NH3(g)  +  CaCl2(s)          
 

4NH3(g)  +  3O2(g)               2N2(g)  +  6H2O                      
 

Cl2(g)  +  F2(g)                      2ClF(g)                                   
 
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١٣Wא∆H °
f HPO3(s)٢٥°אאK 

∆ H °
fP4O10(s)٢٩٨٤-LK 

∆ H °
f HNO3(L)١}١٧٤-LK 

∆ H °
fN2O5(g)٠}١١LK 

 
١٤Wא(W)אאא

אאאא(WO3)אא١٢٠٠° 
114.9 KJ + WO3(S)   +  3H2(g)              W(s)+ 3H2O(g                     

 ∆ H0
f٨}٢٤١-LK∆ H0

fאWO3(s) 
 
١٥Wאא 

C8H18(g)              C4H8(g) + C4H10(g)                                 
אא( ∆ H0)אאא 

C – C Z٣٤٨L،616 = C – HLK 
C  =  C Z٦١٩LK 

 
١٦WאS °∆S °אW 

FE H2(g)  +  Cl2(g)                2HCl(g)     
 
FE C2H4(g)  +  H2(g)                    C2H6(g)      

S °H2(g) = 130.6 J/mol.K , S °Cl2(g) = 223.0J/mol.K  S °HCl(g) =186.7J/mol.K 
S °C2H4(g) =226 J/mol.K,S °C2H6(g) =230J/mol.K 

 
 
 
 
١٧Wאאאאאאאאא

W 
CaCO3(s)                   CaO(s)  +  CO2(g)                           



א ١٧٠ אא 
א אא אאאא 

  
  

- ٢٠٤ -  

 
N2(g) +  3H2(g)                    2NH3(g)                                

 
אאאFLWE 

  = H2(g)    -1206.9 = CaCO3(s) 
-45.9= NH3(g)        -6351 = CaO(s)  

    -393.5 = CO2(g) 
 = N2(g) 
אאFLKE 

CaCO3(s) = 92.9        N2 (g) = 191.5               
= 38.2        H2 (g) = 130.6CaO(s)  

CO2 (g) = 213.7      NH3 (g) = 193 
 
אאאאא ∆G °א،٣٩٨

K 
 
١٨Wאאאא

אאאאK 
 
١٩W؟אאאא 
 
٢٠WאאאK 

• אאאK 
• אא∆SK 
• אא∆H∆S∆G

אאK 
 

 


