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� �ـــ�  ا�ـ�ــ�ار�ـــ	ـــ���ـ���ـا�  'ـ& �ـ��ل 
ـ�ـ�ـ�ـ	 ا��ـ��ر�ـــ

PV = nRT :   n = 1mol  ,  T = 273K  ,  P = 1atm = 1,013 bar = 1,013.105
 Pa  ,  V = 22,4 L 

PV = nRT  =>  R = PV/nRT  =>  R = 1,013.105
 Pa . 22,4.10-3m3 / 1mol . 273K =  8,31 J/mol.K  (1J= 1Pa. m3) 

PV = nRT    =>   R = PV/nRT  =>  R =  1atm . 22,4L / 1mol . 273K =  0,082  L.atm/mol.K 

cal/mol.K2 8,31/4,18  =  =>   R =    )4,18 joul= cal(1 et      8,31 J/mol.KR =  

1)  T= Cste   =>  T2 = T1 = 298 K                           

2)  ∆U = n.Cv.∆T  et   (∆T= 0)   =>  ∆∆∆∆U = 0 

3)   W = - intégrl PdV  et    T= Cste   =>  W = nRT.ln(P2/P1)  =>  W = 1mol.8,31.298.ln(1/5) = -3985,6 J    

4)   ∆U = W + Q  ,  ∆U = 0  =>  Q = -W = 3985,6 J                   

5)   ∆H = n.Cp.∆T  et   (∆T= 0)   =>  ∆∆∆∆H = 0 

T1= 18°C T2 = 80°C Teq= 20,2°C 

   

1)  m = mHCl + mNaOH =  0,1.2.36,5 + 0,1.2.40 = 15,3 g = 0,0153 kg                  

2)  Q = (m.Cpsolution + Ccalorimtr).∆T = (0,0153kg . 4180J/Kg.K + 200 J/K) . (43K) =  11350 J 

3)  nHCl = nNaOH = 0,1.2 = 0,2 mol  => Q’ = Q/0,2 = 11350/0,2 = 56750 J  

m1 = 200g m2= 100g 

Q  ;<=>?@Aا=Q رةEF@Aا => (m1.Cpeau + Ccalorimtr).∆T1  =  m2.Cpcuivre.∆T2                                                                                             

=> (m1.Cpeau + Ccalorimtr).(Teq- T1) = m2.Cpcuivre. (T2- Teq) 

=>  (0,2kg.4180J/kg.K + 200J/K).(293,2K – 291K) = (0,1kg.Cpcuivre).(353K – 293,2K)  =>  Cpcuivre = 381 J.Kg-1.K-1 

  P& '�ع ھ��
	 ا���ا��ا�N��N	 �L�Mي HIJ	 FG�& ر��ا���	 
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+ 44,1  kJ/mol=  r°∆H)   =>    285,9 –( – 241,8 -=  2°∆H  - 1°∆H=  r °∆H 
 

C (s)  +  2 H2 (g) + 1/2 O2 (g)    ==>    CH3OH (l)                     ∆H°1 = + 638,8 kJ 

  C (s)       +       O2 (g)               ==>    CO2 (g)                           ∆H°2 = - 393,5 kJ 

 H2 (g)      +      1/2 O2 (g)            ==>    H2O (g)                           ∆H°3 = - 241,8 kJ 

CH3OH (l)   +   3/2 O2 (g)      ==>    CO2 (g) + 2 H2O (g)           ∆°Hr 

Q ;<=>?@Aا = Q رةEF@Aا => (m1.Cpeau + Ccalorimtr).∆T1 = m2.Cpeau.∆T2   =>  (m1.Cpeau + Ccalorimtr).(Teq- T1) = m2.Cpeau. (T2- Teq) 

=>  (0,5kg.4180J/kg.K + Ccalorimtr).(293,5K – 292K) = (0,15kg. 4180J/kg.K).(298,7K – 293,5K)                                       

=>  Ccalorimrte = 83,3 J.K-1 

T1= 19°C T2 = 25,7°C Teq= 20,5°C 

   
m1 = 500g m2= 150g 

Q ;<=>?@Aا = Q رةEF@Aا => (m1.Cpeau + Ccalorimtr).∆T1=m2.Cpcuivre.∆T2 => (m1.Cpeau + Ccalorimtr).(Teq- T1) = m2.Cpcuivre. (T2- Teq) 

=>  (0,75kg.4180J/kg.K + 83,3J/K).(296,5K – 292K) = (0,55kg.Cpcuivre).(365K – 296,5K)                                       

=>  Cpcuivre = 384,4 J.Kg-1.K-1 

T1= 19°C T2 =92°C 
 

Teq= 23,5°C 

   
m1 = 750g m2= 550g 

T1= 0°C T2 = 30°C Teq=0°C 

   
m1 = 25g m2= ? 

Teq=10°C 

 

JKLM NOPس 

Q ;<=>?@Aا = Q رةEF@Aا => m1.Lf   +  m1.Cpeau. (Teq- T1)  =  msoda.Cpsoda. (T2- Teq)    

����  0,025kg.335.10+3 J/kg  +  0,025kg.4180J/kg.K.(283K – 273K) = msoda. 4180J/kg.K . (303K – 283K)                                                              

=>  msoda = 112,7 g 

m1 = 25g 

Lf 

∆H°r =  ∆H°f (CO2)  +  2∆H°f (H2O)  -  ∆H°f (CH3OH)  -  3/2∆H°f (O2)  =  ∆H°2 + 2∆H°3  - ∆H°1 =  -1515,9 kJ/mol 
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C3H8 (g) + 5O2 (g)   →   3CO2 (g) + 4H2O (g) 
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********************************************************** 
  

 � : - 01-ا���ــــــ��
C3H4O (l) + 7/2O2 (g)   →   3CO2 (g) + 2H2O (l) 

1)   ∆H°r(C3H4O) liq  = 3∆H°f (CO2)  + 2∆H°f (H2O)  -  ∆H°f (C3H4O)  - 7/2/2∆H°f (O2)  => ∆Hf (C3H4O) liq = - 121,1  kJ/mol 
 
2)                                               3Cs    +   2H2 (g)    +   1/2O2 (g)       =>     C3H4O (l) 

 
 
 

                                     3Cg    +    4H (g)     +      O (g)          =>      C3H4O (g) 
 
 
 

∆Hf (C3H4O) liq  = 3∆H°sub (Cs) + 2∆H°d (H-H) + 1/2∆H°d (O=O) + ∆Hf (C3H4O) g  - ∆Hvap (C3H4O) liq   

∆H°d = - E      =>     ∆Hf (C3H4O) liq  = 3∆H°sub (Cs) – 2E(H-H) - 1/2E(O=O) + ∆Hf (C3H4O) g  - ∆Hvap (C3H4O) liq   

∆Hf (C3H4O) g  =  EC=C + EC-C  + 4EC-H + EC=O =  -3340 kJ/mol        =>     ∆Hf (C3H4O) liq = - 91,8  kJ/mol 

********************************************************** 
 � : - 11 -ا���ـــــــ��

  
 
 
 
 
 
 
 
 
 
 
5 

3 C (s)  +  4 H2 (g)    ==>     C3H8 (g)                      ∆H°1 = -103,8 kJ/mol de C3H8 

C (s)  +   O2 (g)       ==>    CO2 (g)                           ∆H°2 = -393,5 kJ/mol de CO2 

H2 (g) + 1/2 O2 (g)    ==>     H2O (g)                        ∆H°3 = -241,8 kJ/mol de H2O 

C3H8 (g) + 5O2 (g)   →   3CO2 (g) + 4H2O (g)          ∆H°r =  3∆H°2  + 4∆H°3  -  ∆H°1 => ∆H°r = -2043,9  kJ/mol 

SO3 (g) + H2O (l)     ==>    H2SO4 (l)                ∆H°1 = - 80 kJ/mol 

S (s)   +  3/2 O2 (g)    ==>    SO3 (g)                  ∆H°2 = - 395 kJ/mol 

H2 (g)   +     O2 (g)      ==>   H2O (l)                   ∆H°3 = - 286 kJ/mol 

∆H°1 =  ∆H°f (H2SO4)   - ∆H°2  -  ∆H°3    =>   ∆H°f(H2SO4)   = ∆H°1 + ∆H°2 + ∆H°3 = - 761 kJ/mol 

CO (g) + 1/2O2 (g)     →    CO2 (g)                              ∆H°r,298K (1) = -283 kJ 

H2 (g) + 1/2O2 (g)       →      H2O (g)                           ∆H°r, 298K (2) = -241, 8 kJ 

CH4 (g) + 2O2 (g)   →   CO2 (g) + 2H2O (g)                 ∆H°r, 298K (3) = -803, 2 kJ 

CO (g) + 3 H2 (g)      ==>     CH4 (g)  +  H2O (g)         ∆H°r,298K = ∆H°r,298K (1) + 3 ∆H°r, 298K (2)   -  ∆H°r, 298K (3)   

=> ∆H°r,298K = -205,2 kJ          

∆U°r,298K = ∆H°r,298K – ∆ng.RT  ,  ∆ng = (1+1) – (3+1) = -2   =>  ∆U°r,298K  =  -205,2 – (-2)(8,31.10-3).(298)         

=>∆U°r,298K = -200,24 kJ  

∆H°r,298K = -205,2 kJ <<<< 0   =>  réaction exothermique  (ارة���� �J�L ]^�_G) 

3∆H°d (Cs) 2∆H°d (H-H) 1/2∆H°d (O=O) 

∆H°f (C3H4O) g 

-∆H°vap (C3H4O) liq 

∆H°f (C3H4O) liq 

C C C

H

OH

H

H

 

� ا�abو���
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C2H2O4 (s) +1/2 O2 (g)     →    2 CO2 (g) + H2O (l)      à   298K 

             Xن ھ[\P] ^K<_>`∆H°r =         ni.∆H°f (produits)   -         nj.∆H°f (réactifs)    

(O2 (g)) fH°∆ 1/2- (C2H2O4, s) fH°∆ - l )(H2O,  fH°∆+  (CO2, g )f H°∆= 2 (C2H2O4, s) rH°∆  

  1-kJ.mol 175=  (C2H2O4, s) rH°∆=>      

**************************************************** 
 �  : - 13 -ا���ـــــــ��
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ΔH

 
� ∆H°T   =  -18,22  – 15,36 .10-3 T  +  8,04.10-6 T2 kcal. 

 

**********************************************************  
 �   :             - 15 -ا���ـــــــ��

 
1 . a_bمNdPe>Aا 
 
 
 
 
 
 
 
 

∆H°r  = ∆H°1  + ∆H°2   =>  ∆H°2  = ∆H°r - ∆H°1   =   – 94,48 – (– 70,96) = -23,52 kcal 
 
2. ;KLfاJAا ;]P_Aا 
 
 
 
  

C2H6 (g) + 7/2O2 (g) ==> 2CO2 (g) + 3H2O (l)         ∆H°r,298  = -373,8 kcal 
∆H°r =        ni.∆H°f (produits)   -         nj.∆H°f (réactifs)                           Xن ھ[\P] ^K<_>`  

∆H°r (C2H6 (g)) = 2∆H°f (CO2, g ) + 3∆H°f (H2O, l ) - ∆H°f (C2H6( g)) -7/2 ∆H°f (O2 (g)) 

=>  ∆H°f (C2H6( g)) = 2∆H°f (CO2, g ) + 3∆H°f (H2O, l )  -  ∆H°r (C2H6 (g))  =  -19,2 kcal.mol-1 

  

Cp (N2,g) =  6,85 + 0,28.10-3 T 
Cp (NH3,g) =  5,72 + 8,96.10-3 T 
Cp (H2,g) =  6,65 + 0,52.10-3 T 
 

N2 (g) + 3 H2 (g)      →     2NH3 (g)          ∆H°r,298  = -22,08 kcal 
 

CaCO3 (S)   →   CaO (S)  +  CO2 (g)   =>   ∆H°r = ∆H°f (CO2, g ) + ∆H°f,( CaO (S))  -  ∆H°f (CaCO3 (S)) = 23,7 kcal 

∆U = ∆H°– ∆ng.RT  ,  ∆ng = 1  =>  ∆U°r,298K  =  23,7 – (1)(2.10-3).(273) = 23,15 kcal 

N   + 3 H       →     2NH            ∆H°  = -22,08 kcal 

;KOاJ>`gا ;APFAا  

S (s)  +  3/2 O2 (g) 
;KOPhiAا ;APFAا  

SO3 (g)    

;K_س[Aا ;APFAا  

SO2( g)   +  ½ O2 (g) 

∆H°
r   

∆H°
1  ∆H°

2   
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1. 

∆H°r =        ni.∆H°f (produits)   -         nj.∆H°f (réactifs)                 Xن ھ[\P] ^K<_>` 

∆H°r (C2H4 (g)) = 2∆H°f (CO2, g) + 2∆H°f (H2O, l)  -  ∆H°f (C2H4( g)) - 3∆H°f,(O2 (g)) 
1-33,6 kJ.mol =   )(g)(C2H4  rH°∆  -  (H2O, l) fH°∆+ 2 (CO2, g) fH°∆=  2 ) ( g)(C2H4 fH°∆ 

2.  

 

 
 
 
 
 
 

∆H°f (C2H4( g))  =  2∆H°sub (CS)  +  2∆H°d (H-H)   +  4EC-H  +  EC=C   ;   (∆H°d (H-H) = - E(H-H) )  

=> EC=C = ∆H°f (C2H4( g))  -  2∆H°sub (CS)  + 2E(H-H)  -  4EC-H      =>     EC=C = - 611,83  kJ.mol-1    

*******************************************************  
  

 �  : - 17 -ا���ـــــــ��
  

  
  
  

  
  :Jid298 K اpوP>vن اPuAزي  N?r>Aب اo<AP_\p اPKn@AرP ;mح=. 1
  

∆H°f (C8H18 (g))  =  8∆H°sub (CS)  +  9∆H°d (H-H)   +  18EC-H  +  7EC-C  

∆H°f (C8H18 (g))  =  8.716,7 + 9.436 + 18.(- 415) + 7. (- 345)      =>    ∆H°f (C8H18 (g))  =  -227,4 kJ/mol 

  
 :gح<Eاق اpوP>vن اPuAزي ب اo<AP_\p اPKn@AرP;mح=. 2

 
  
 

∆H°r =        ni.∆H°f (produits)   -         nj.∆H°f (réactifs)                 Xن ھ[\P] ^K<_>` 

∆H°comb  (C8H8 (g))  =  8∆H°f , (CO2(g))  +  9∆H°f , (H2O(g))  -  ∆H°f , (C8H8 (g))  - 25/2∆H°f , (O2 (g))    

 5093,2 kJ/mol -= 0   – 227,4)-( -)  241,83-)  +  9.(393,5-8.(  =  )(g)C8H8 (  combH°∆ 

********************************************************* 
����18� ـــا�:  

 
 : مPnدA; اgح<Eاق  - 

 
 

∆H°r =        ni.∆H°f (produits)   -         nj.∆H°f (réactifs)                 Xن ھ[\P] ^K<_>` 

∆H°r (C3H6O3) = 3∆H°f (CO2, g) + 3∆H°f (H2O, l)  -  ∆H°f (C3H6O3) - 3∆H°f,(O2 (g)) 

∆H°f (C3H6O3)  =  3∆H°f (CO2, g) + 3∆H°f (H2O, l)  -  ∆H°r (C3H6O3)   = - 686,72 kJ/mol 

C2H4(g) + 3O2(g)        →    2CO2(g) + 2H2O(l)      ∆H°r,298  = -1387,8 kJ/mol 
 

2C (S)        +       2H2 (g)               →           C2H4 (g) 
 

2C (g)        +     4H(g)        
 

2∆H°
sub  2∆H°

d (H-H)  
4EC-H  +  EC=C 

∆H°f (C2H4( g)) 

8C (S)        +       9H2 (g)               →           C8H18 (g) 
 

8C (g)        +     18H(g)        
 

8∆H°
sub(Cs)  9∆H°

d (H-H)  18EC-H + 7EC-C 

∆H°f (C8H18 (g)) 

C8H18 (g)   +   25/2O2(g)         →      8CO2(g)   +   9H2O(l)       
 

CH3-CHOH-COOH (l)   +   3O2(g)         →      3CO2(g)   +   3H2O(l)       
 

C3H6O3  =>  M = 90 g/mol  =>  n = 18/90 = 0,2 mol   

      H°comb = -272,54 . 5  = - 1362,7 kJ/mol∆                     :    م� اFA@~ ھE1mol oاق   <اK<AP_\p; اPK}AسK; |حمPinه 
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:19 � ا���ــ��

   : H°r,298  NdPe>LA∆ح=Pب     .1

 

 

 

 

 

 

  : NdPe>LA اC-F oAP>Aح=Pب طP[; اEAا`_;  .  2

 

 

 

 

 

 
*********************************************************** 

����20� ـــا�:  

1 .NdPe>Aا o<AP_\ب أP=ح :  

∆H°r =        ni.∆H°f (produits)   -         nj.∆H°f (réactifs)                Xن ھ[\P] ^K<_>` 

∆H°r  =  2∆H°f, (Na2O (s))   +  ∆H°f, (O2, g)  -  2∆H°f, (Na2O2 (s))  = 190,4  kJ/mol                        

*********************************************************** 
 

����21� ـــا�:  

   : H2O2ب اo<AP_\p اPKn@Aري P  N?r>Aح=.  1

 

 

 

 

 :C°100ب حEارة اP  Jid N?r>Aح=  .2

       

         =>  T(K) = 100 + 273 = 373 K     T(K) = T(°C) + 273  

ΔH���
�

  

 

C2H5OH (g)       ==>      CH2 = CH2 (g)   +  H2O (g)      ∆H°r,298  = ? 
 

2C (g)  + 6H (g)  + O (g)      
 

∆H°
1  ∆H°

2  

a`EAت اP]Pن ط[\P] لP@n>سP`: 

= (5∆H°d,C-H + ∆H°d,C-C + ∆H°d,C-O + ∆H°d,O-H ) + (EC=C + 4EC-H + 2EO-H)   ∆H°
2 +  ∆H°r,298  = ∆H°

1 
= (-5E C-H - E C-C - E C-O - E O-H ) + (EC=C + 4EC-H + 2EO-H) = + 71,4 kJ/mol 

CH4 (g)  +  4F2 (g)    ==>  CF4 (g)    +   4HF(g)      ∆H°r,298  = -1923 kJ/mol 
 

C (g)  + 4H (g)  + 8F (g)      
 

∆H°
1  ∆H°

2  

a`EAت اP]Pن ط[\P] لP@n>سP`: 
= (4∆H°d,C-H + 4∆H°d,F-F ) + (4EC-F + 4EH-F)   ∆H°

2 +  ∆H°r,298  = ∆H°
1 

∆H°r,298  = (- 4EC-H - 4EF-F) + (4EC-F + 4EH-F) =>  EC-F = - 481,5 kJ/mol   

2Na2O2 (s)       <==>      2Na2O (s) + O2 (g)   ∆H°r,298  = ?   
 

2H2 (g)    +  O2  (g)     ==>   2H2O (l)             ∆H°1 = - 136,8  kcal/mol 

 H2O2 (g)       ==>    H2O (l) + ½ O2  (g)         ∆H°2 = - 23,83 kcal/mol 
--------------------------------------------------------------------------------- 
∆H°1  =  2 ∆H°f, (H2O, l)  –  2 ∆H°f, (H2, g)  –  ∆H°f, (O2, g)    =>    ∆H°1 = 2 ∆H°f, (H2O, l) ……..(1)    

∆H°2 = ∆H°f, (H2O, l) + ½ ∆H°f, (O2, g) - ∆H°f, (H2O2, g)         =>     ∆H°2 = ∆H°f, (H2O, l) - ∆H°f, (H2O2, g) ……….(2) 

∆H°f, (H2O2, g)   =  (∆H°1)/2 – ∆H°2  = (- 136,8  )/2 – (- 23,83) =  - 44,57  kcal/mol    

H2 (g)    +  ½ O2  (g)   ==>   H2O (l)    ∆H°f,373K = ? 

  => ∆H°f, 373k  = ∆H°f,100K + [Cp H2O (l) - Cp H2 (g)   - ½ Cp O2 (g)] . (∆T)   

=> ∆H°f, 373k  = - 68,3 + (18 – 6,89 – 0,5.6,97).10-3 . (373 – 298)  =>  ∆H°f, 373k  =  - 67,73 kcal/mol 

 

 


