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אאWאאאאאאאאאK 
 

אאW 
 J אאאאאאאK 
 J    א א   א  א     

אK 
 J אאאאאK 
 J אאאאאאK 
 J אאאאאK 

 
אאאW١٠K 

 
אא Wא   א א    אא  א
אאK 
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אאאא 
אאאW 

     אא  א  אא א  
   א א  K   א א   

א   א  א אא א א   אא   
אאאאא

אKאאאאא Functions
אאאאKאאאא

אאאאאאאK 
אאאW 

אאאאאאאאא
אאאאאאאא K 
א W א   Endothermicא    Exothermic K א 

א AthermalאK 
אWאUniverseFE System F

ESurroundingsFאאאKE 
אW 

 אאא
אKאא

אW 
 JWאאאאאאK 

אאאאא،
אאאK 

 J Wאא  א א א  K
אאK 

 JWאאאאאאK
א،אאK 
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אW 
אאאאאאאאK

אK 
אאW 

 JWאאא Kאא
،אאא،אK 

 JWאאאK
אאK 

 JאאWא  א אא    K
אא،אאא

אאK 
אאאW 

אאxK 
אאא  ∆x =  xf – xi   

אאא (∆x) →0  =  dx   
אאא  ∆x = dx = 0    

אאW 
 JW  אאאא א אאא

אאאאKאא
א   א  א    Kא  

אאאFאאאE
אKאאאK 

 JWא   א   א א א 
،אאאאאK

  א      א   א   
אK 
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אאW 
 Jא אא FאEIsothermal  W אא

אאK،אאא∆E = 0K 
 JאאFאE Isobaric Wאאא

אאאKאאא
אK 

 J Adiabatic  Wא    ،    א א 
א(q)،אq = 0K 

 Jא א FאEIsochoric  W      א א 
K،אW = 0K 

אW 
אאאאאא

אאKאאאKא
א אאאK

אאאאאאאאא
אאKאא،א

אאKאאא
אאאK 

אאW 
 אאאא SIאאאאאcgsK 

אF5-1EאאאK 
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F5-1WEאאאאcgsK 
 

א אא cgs  
א 

א 
א 

א 
אא 

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
אW 

١K אאאאאא Joule (J)  

ergcgs KאWאאאאFEא
א      Kא W  א א א א FE

אאK 
1 J = 107 erg 

٢K  א    אא אCalorie (cal) א אא   
א،אאאא15oCK 

٣K א  א  א א  א א א     
אאאKאאאK 

אאאאאW 
 א   א       אא  א 

אאאKW 
1 cal  = 4.184 J 

אאאאאW 
 אאאאFאKE

אאאFא
KEאאאאאW 
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 Jא E Wאאאאאא∆E= +ve 
     אאאאא  ∆E = -ve    

 JאWWאאאאאW= +ve 
אאאאא W = -ve  

 JאאqW אאאאאאאאq = +ve 
      אאאאאאא  q = -ve    

אאאאW 
?אאאאא? 

אאא?Wא?Kאאאא
אא אא  K א  א א

אאKאאאאW 
q = ∆E  +  W                              (5-1) 

 q،אאאא Wאאא، 

∆E אא א  א K    אF5-1 E  א 
אאאאאאאאא

אK 
אW 

אאאinitial (i) final (f)
   א Wא   א  אאא Kא א

 א  א א  אאא א state functionא 
אthermodynamic function KאW 

∆E = Ef - Ei                                         (5-2) 
 אאאאאאאאKאא

אאאאאאKא
אאאאא،אK 

אWork of expansionW 
،אאאא אא

אאאאKא
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אאאא،
אF5-1EK 

d

a

V i

V f

 
F5-1WEאאאK 

 אאa (cm2)א P (atm)אאVi
אVf  ،אאd (cm)אאאא،אW 

W = P a d  =  P(Vf –Vi) =  P∆V                         (5-3) 
 

P

V V

P

V

P
W >0 W >0W =0

 
F5-2WEאאאאאK 

 
  א     ،א   א  א   א 
 K   ،א  א  א א   א א

אF5-2KEאא،אאא
אאאאKאאאWאאא

؟א  א  א    K  Kא    א  K
   אא  P∆Vא    ، אא   א  א 
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אאאאאאKא
אאatmאLאאאאא،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 
אatm L א101.325 א

אKאאאאא،אא
אאאKאא

אK 
א (5-2)(5-3)אW 

q = ∆E + P(Vf – Vi)                                        (5-4) 

אאHW אאאW 

q = E2 – E1  + P (Vf - Vi)                                (5-5) 

q = (Ef + PVf)  - (Ei + PVi)                             (5-6) 

qp = Hf – Hi = ∆H                                           (5-7) 
 אאאא(H)Enthalpyאאא heat content 

،אאאאאאqp،
אאK ،אאW = 0،W 

                qv = ∆E                                                                 (5-8) 
אאאאאאאאא

،אאאאKאאאW 
       ∆H = ∆E  + P∆V                                                 (5-9) 

Wאאא2.6 atm א2.5 L 5.3 L 
אאא200א calK 

אWאאא W = P∆V = 2.6 × (5.3 – 2.5) = 7.28 atm L   
אאא101.325 W  W = 7.28 x 101.325 =  737.646 J 

אאW∆H =  ∆E + P∆V =   200 + 737.646  = 937.645  J 
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א אאW אאאאאאKא
 אcal/K/gK 

אאאWאאאאאאKא
 cal/KK 

אאאא(C) W אאאאאאאאא
א Kא  cal/K/mol Kא

אאאאWא Cv א CpK 
אאאאא(Cv)W אאאא 

qv = n ∆E                                                      (5-10)   
Cv = qv/∆T = ∆E/∆T                                     (5-11)  

 ∆T = Tf – Ti                                                  (5-12) 
q،אאn،א ∆E،אאאא ∆T

אאאTfאאTi K  
אאאאא(Cp)Wאא 

qp = n ∆H                                                     (5-13)   
                           Cp = qp/∆T = ∆H/∆T                                        (5-14)                 

אCv CpWאF5-9,5-11,5-13Eאא: 
Cp = Cv + P (∆V/∆T)                                    (5-15) 

אאאאW 
PV = RT             (5-16) 

אF5-15EאאW 
Cp = Cv + R = Cv + 2                                    (5-17) 

אW 
 JאאW אאאא 

∆E = 0 ,  q = W                                            (5-18) 
אF5-3Eא،،אאאW = P∆V،

،אא،אאאאK
 א  F5-3 E،א 
אאKאF5-3EאאFאאEאא
FaEFbEאאFcKE 
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P

V V

P

V

P
(a) (b) (c)

WW W

 
F5-3WEאאאאK 

 אאאא Wmax  אא
א א،אא Kאא א א

א  Kא אאא Kא
אאאא

אKאאאW 
qrev = Wmax                                                 (5-19) 

אאW 
W = ∫ ∂(PV) = ∫ V∂P + ∫ P∂V                           (5-20)   

אאאאKW 
∫ V∂P = 0                                     (5-21) 
Wmax = ∫ P∂V                                                     (5-22) 

אP אאא،אא
אאאViאאVf،W 

Wmax = n RT ∫ ∂V/V                                          (5-23) 
Wmax = n RT ℓn (Vf /Vi)                                    (5-24) 

Wא١٠א٢٩٨
٣א٧אK 

אWWmax = n R T ℓn (Vf/Vi) =  10 × 8.314 × 298 × ℓn (7/3) =  20992.4 J      
 JאאWאאq = 0אא،אW 

W = - ∆E = - Cv ∆T                                           (5-25)  
Wא٤א٢٩٨

٢٠٠Kאאא٦}٤אK 
אW = 1803.2 cal                 W = -n Cv (Tf – Ti)  =  -4 × 4.6 × (200 – 298) 
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אאאW 
dE + dW = 0 
Cv dT + P dV = 0 
Cv dT/T  +  RT dV/V  =  0 
Cv dT/RT  + dV/V   =  0 

،אאאW 
Cv/R ℓn (Tf/Ti)  =  - ℓn (Vf/Vi) 

אאW 
(Tf/Ti)Cv/R  =  Vi/Vf                                          (5-26) 

אאאא 
אא: 

א  א אא א  K א א  א  
אאאF٢٥١Eא،אא

אאאאאאאאאKאאא
Fא אא E  א אא  ،א א   א

אFאKEאאאאא
אאאאא،אK 

אאWאאאאאאא
אאאK 

אא אWאא  א אא  אא א  א  
אאאאK 

א אWא  א אא א 
 ،Kאא

W 
?א،אאאאאאK?א

אא  א א    א Kא  א   א∆H
אאאאא،אאא ∆E

א Kא  אא    א א א   א  
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אאאאאKאא 

ABK אאאאK 

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 
אאאאWאאאאאא

אא،אא FאאWE 
C2H4(g)  +  H2(g)  →   C2H6(g)   + ∆E                                                    (5-27) 

א،אאא
אאאאאאאאאאW 

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) 

 
 אאאאאF5-27EאF5-28-5-30KE

 א F5-28 E א  F5-29,5-30 KE    א אא
אF5-27,5-31E: 

∆E =  ∆E2  + ∆E3  -  ∆E1                                   (5-32) 
 אאאא K

אאאאKא
אאאאאK

אא،W 
P ∆V  =  ∆n RT                         (5-33)                        
∆H     =  ∆E  +  ∆n RT                                              (5-34) 

אאאF5-27WE   ∆n = nf – ni = 1 – 2 = -1 א،W 
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∆H     =  ∆E  -  RT    
 אא א W   א א א  ،adiabatic bomb 

calorimeter،F5-4E،א،אאאאא
 א א  אא   K    אאFא٣٠

Eאאאאא،K
אאאאא אא אאאא

K 

 
F5-4WEאאאK 

W 
אאאאאאאאא

אאאאאאאאאW 
d∆H/dT  = ∆Cp                                         (5-35) 

               ∆Cp =  ΣCp(product)  - ΣCp(reactant)                                (5-36) 
 ،אאאאאא

אאאאאאאאאאK 
אאאא: 

א   א א    אא א   א א 
       א א  א       א
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،אאאאא،אאא
אKאאאא

Kאאאא
אאKאאאא

אאאאאאאK
،אאאאא

אאאFאאKE
אא א K אאאא   

אאK 
אאWאאאא

אאא
א  א אא    א א K   

אאא ،אאא Kאא
אW؟אאKאW 

 Wא  א א א א    א  
אאאאא،Kאאאא

 א FאE א  ،Fא E א  אFא EאK
א      א   K     א

אאאאא،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 ) 
F5-5EWאאאאאK 
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אאWאאq1אא W1 אT1 

W1 = q1 = RT1 ℓn (V2/V1)                                         (5-37) 
אאWאאq2אאW2  

W2  =  q2  =  - Cv (T2  -  T1)                                       (5-38) 
אאWאאq3אא  W3 אT2 

W3 = q3 = RT2 ℓn (V4/V3)                                          (5-39) 
אאאWאא q4 אאW4  

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) 
אאאW 

   V2/V1  =  V3/V4                                                         (5-43) 
אWW  

   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

 
F5-6WEאאאאאאK 

אאEff  =  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 אא  א א אא
א  K ،א   א  אא    

١٠٠אK٪אאא٣٦٧אא
א٤٠א،W 

Eff = T1 – T2 / T1  =  {(367+273) – (40+273)}/(367+273) 
                                 =  0.25 = 25% 
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٤אאאא
٣אאא،אא

אאאKאאא٢٥K٪ 
אא:אאאא،אאאF5-

46KE 
א F5-46EאW 

   q1/T1   +   q2/T2 =  0                                           (5-47) 
   ∑q/T  =  0                                                          (5-48) 
   ∑S     =  0                                                          (5-49) 

S = q/TאאKא cal K-1K
אאF5-49EאאאKא

אאאאאאאKאא
 א   אא K אאא א אא  

אW 
    ∆S  =  Sf  -  Si                                          (5-50) 

Sf ,SiאאאאKאאא
  א    א     

אK 
 W، א Thא  אא   Tl

  א    א  א    ،Fa E 
אFbE، אF5-7KE 

א W   א    ، א  א  א 
א ∆S KאאFaE 

 

F5-7WEאאאאאK 

Th Tl

Th Tl

Th- dT Tl + dT

(a)(b)

q
q q
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אאאאאאKא
،אאאאאTh،אאTh - dT،

אאTℓאא،אאא
Tℓ + dTKאא∆SאאK 

    ∆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 
،אאאא ∆Ssurroundings = 0 ،W 

    ∆S  =  ∆Ssystem   =  -q/Th  +  q/Tℓ  ,  Th  > Tℓ 
           = +ve value 

 אאא
א   Kא  א  ،       אא  

W 
∆S  =  ∆Ssystem   =  q/Th  -  q/Tℓ   ,  Th  > Tℓ 

          = -ve value 
 אאא

אKאאאאא
אא  א Kא א א א        ،

אא،א א א  אא אא אא K
אאאאאאאK،אאאא

אאKאאא
אKאאאאאK 

FאאWE∆S  =  0 
W∆S  =  +ve 

W∆S  =  -ve                                          
 



א ١٦٧ אא 
א אא אאאא 

 
 

 - ٩٩ -  

אאW 
 JאאW nאא∆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) 
 Jאא:אq = 0 

: 
    ∆S  =  q/T  =  0                                       (5-59) 

 Jא א W א       ،א  
אאdqnKאאW 

    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) 

 JאWא
אאאאא KאW

אאאאKאאאאW 
    ∆S  =  n ∆Htrans/Ttrans                                       (5-66) 

 Ttransא∆Htrans אאאאאK 
אאאW 

אאאאאאאאK
אאאא

  K א א א א אאfree energy  Wא
אGibb’s free energyא

אG אא،Helmholtz free energy א
אAKאאאW 

    G =  H - TS                                              (5-67) 
    A  = E  -  TS                                            (5-68) 
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  א   א א  FHE E    W  
אאTS א א، G A K

،אאG  A ،אTS
אKאאאאאאK 

א א א   ،א   א  אא    א 
אK 

 ،אאאאא
אKאאאאW 

    ∆G  =  Gf  -  Gi                                         (5-69) 
אאאאאאF5-66E W 

    ∆G  =  ∆Η - T∆S                 (5-70)    
אאW 

אאאאאF5-66WE 
    dG = dH - TdS – SdT                              (5-71) 
                                               = d(E + PV) - TdS – SdT                  (5-72) 
                                               = dE + VdP + PdV - TdS – SdT       (5-73) 

אאאWVdP = 0  ,      SdT =  0            
    dG = dE + pdV -TdS                               (5-74) 

אWdqrev = TdSאאW 
    dG = dE + pdV -dqrev                              (5-75) 

אאאW   dE =  dqrev -  dWmax                 

אאאW  -dG =  dWmax -  pdV        
      -dG = dWuseful                                          (5-76) 

dWuseful  א  א א א  א  K א א  
אא  Kא אאא א

אא Kאאאא
א،אKאאאאאאא

אאK 
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אאאאאאW 
אאdG = 0 

אdG = -ve  
א dG = +ve 

אאאW 
אאWPdV = dWmax  ,     TdS =  dqrev                   

אאאא אF5-73WE 
   dG = dE + dWmax + VdP - dqrev -SdT                (5-77) 

אאWdE =  dqrev – dWmax                         

   dG = VdP - SdT                                                 (5-77) 
אאאWאא،אא 

   dG = VdP                                                           (5-79) 
אאאאאאאW 

   ∫dG = nRT ∫dP/P                                                (5-80) 
   ∆G = G2 – G1 = nRT ℓn (P2/P1)                         (5-81) 

אאא،אאאW 
   G = Go + nRT ℓn P                                            (4.82) 

 אאאאאאאK
אאאFאא

אאאKEאאאאאאאא
אFKE 

אאאאאW 
אאW 

   aA + bB ↔ cC + dD                                          (5-83) 
אאאW 

   K = PC
c PD

d / PA
a PB

b                                         (5-84) 
אאאW 

   ∆G = Σ Gproducts - Σ Greactants                               (5-85) 
אאW 

   ∆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) 



א ١٦٧ אא 
א אא אאאא 

 
 

 - ١٠٢ -  

אF5-854EאF5-86EW 
                           ∆G  = ∆Go + RT ℓn K                                       (5-88) 

אאW∆G = 0،W 
                           ∆Go = -RT ℓn K                                                    (5-89) 

אאאאWא،אF5-78EW 
   dG = -SdT                                                         (5-90) 

אאאאאאא
אאאKאאW 

   d∆G/dT = -∆S                                                       (5-91) 
אF5-69EאאW 

   d∆G/dT = (-∆H - ∆G)/T                   (5-92) 
אW 

   d∆G/dT - ∆G/T  =  -∆Η/T                                    (5-93) 
אאאאW 

u = ∆Gv = T א،Wd(u/v) =  (udv – udv)/v2            
אאאF5-93EאW 

   T d∆G/dT ≡ d∆G/dT - ∆G/T                               (5-94) 
אאF93EW 

                             Td∆G/dT = -∆Η/Τ                                         (5-95) 
   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 Eאא  א א  א Fא א
אEK 
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א 
١K   א א ١٠א א א      

אKאא٥אאאא١٠אאא٦٠K 
٢K ؟אאאא،אאK؟אאאא 
٣K ٤אא٦٠٤٠K

אאאאאאאאKאאאא
٢אK 

٤K אאאאאא،אאK 
٥K אאאא٣K 
٦K אאאאאאW 

C10H8(s) +  12O2(g) →  10CO2(g)  +  4H2O(ℓ) 

אאא619 kcal mol-1א288 KK 
٧K א298Kאאאאאאא          

kcal mol-1  173 kcal mol-18494.2 kcal mol-1KאאאK 
٨K  א١٨אא א אא،

א20.8א kcal mol-1KאאאאאK 
Fe(s)  +  2H+

(aq)  →  Fe2+
(aq)  +  H2(g) 

٩K אאאאW 
Al2O3(s)  +  3C(graphite)  →  2Al(s)  +  3CO(g) 

אאא7.01 kcal Kאא
אאא67.6א kcal mol-1 W 
١٠K אאא 

C(graphite)  +  ½O2(g)  → CO(g) 
אאאאאא W84 kcal 

mol-164.6 kcal mol-1K 
١١K א  א א א אא א   ، 310.7 kcal mol-1

אאא 94.2 kcal mol-184 kcal mol-1K 



א ١٦٧ אא 
א אא אאאא 
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١٢K אאא22.0 cal 4.29K Kאא
אאאK 

١٣K אW   A  +  B  →  2C                              
א153א kcal mol-1א25 oCKאאא

אא300 oC KאאאאABC6.2 cal K-1 mol-1
 5.1 cal K-1 mol-17.3 cal K-1 mol-1K 

١٤K ٣٠אאאF١٠٠EK
אאא192א kcal mol-1 KאWאאאאא

אאאאאK 
١٥K אאאא200 oCא80 oC K 
١٦K ٥אא،אא

٣א٥}٧KאאאK 
١٧K  א אא١٠אאא20 oC 30oC K

אאא18.5א cal K-1 mol-1K 
١٨K אא0.01 א200 oC Kאא

אאאK 
١٩K אאאאא1א atm 10 atm 

 א25 oCK 
٢٠K אאאא25 oC 150 oC0.12 0.031 Kא

אאK 
٢١K אאא110-א kcal mol-1 אא

-120 kcal mol-1 א٢٥K 
 



א ١٦٧ אא 
א אא אאאא 
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אאא 
١K אאW 

   W = n R T ℓn (Vf/Vi) 
                                = 10×2×333 ℓn (10/5) 
                                = 4.616 kcal. 

٢K W=+ve ∆E = 0אאW 
   q = ∆E + W 
                            q = W 

אq= +ve אאאאW 
  q= 4.616 kcal. 

٣K אאq= 0אאq = ∆E + W 
   ∆E= -W 
                           W = - n Cv ∆T 
                                = 4×2×20 = 160 cal. 
                           ∆E = -160 cal. 

٤K אאאW         
  

         (Tf/Ti)Cv/R = Vi/Vf 
                           (50/60)3/2 =  2/Vf 

                            Vf = 3.67 L   
٥K אאW 

   ∆H = ∆E + W 
∆E = -W∆H = 0 

٦K אאאW 
∆H = ∆E + ∆nRT 
∆n  = 10-12 = -2 
∆H  = -618,800 - 2×2×288 = -619,952 cal          

٧K אאW 
C(graphite)  + 2H2(g)  + ½O2(g) → CH3OH(ℓ) + ∆H   (i) 

אאאW 
   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) 

אFiiEFiiiEאFivEאא،FiE،W 
   ∆H = -84,000 – 2×94,200 + 173,000 



א ١٦٧ אא 
א אא אאאא 
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                                 = -99,400 cal 
٨K אאאF∆HEאאאW 

∆H = ∆E + ∆nRT 
∆n  = 1- 0 = 1 
∆H = -20,800 - 1×2×298 
       = -21,396 cal mol1 

٩K אאאאאW 
   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) 

 אFiii Eא ،אFii E Fiii E אFiE،
W 

   ∆H = 378,540 – 202,800 = 175,740 cal 
١٠K אW 

   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) 

 אFiii Eא ،אFii E Fiii E אFiE،
W 

   ∆H = 84,000 – 64,000 = -19,400 cal mol-1 

١١K אW 
   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) 
אFivEא،אFiiEFiiiEFivEא

FiE،W 
   ∆H = 2×84,000 – 94,200+ 310,700 = 48,500 cal mol-1 

١٢K אאW 
   q = ∆E + W 

q = 22 calאאW = ∆n RT∆n= 1 W 
∆E = q – W 
       = 22 – 8.58 = 13.42 cal 

١٣K W                                        d∆H/dT = ∆Cp 



א ١٦٧ אא 
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:   ∆Cp     =  ∑Cp(product) – ∑Cp(reactant)                             
אW   

   ∆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 

١٤K א30/18 = 1.667  
אW 

    W = ∆n RT 
                                         =  1.667×2×373 = 1243.58 cal 

אאאWq = 1.667×192,000 = 320, 000  cal       
אאW q = ∆E + W                                               

       ∆E = q – W = 318,756 cal 
אאאW ∆S = ∆n ∆Hb /Tb                        

                                     = 1.667×192,000/373 
                                                  =  858.08 cal K-1 

١٥K אאאW 
    Eff = Th – Tℓ/Th 

                                                                = 473 – 353/473 = 0.25 
١٦K אאאאW 

    ∆S = n RT ℓn (Vf/Vi) 
                                               =  5 × 2 ℓn (7.5/3) = 9.16 cal K-1 

١٧K אאאאW 
∆S = n Cp ℓn (Tf/Ti) 

                                               =  (10/18) × 18.5 ℓn (303/293) = 0.34 cal K-1 

١٨K אאאאאאW 
    ∆Go = - RT ℓn K 
                                                 = - 2×573 ℓn 0.01 = -5277.5 cal mol-1 

١٩K אאאW 
    ∆G = n RT ℓn Pf/Pi 
                                                = 3×2×298 ℓn 10 = 4,114 cal 



א ١٦٧ אא 
א אא אאאא 
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٢٠K אאאאאאW 

        ℓn K2/K1 = (∆Ho/R) {(T2-T1)/T2T1} 
                                    ℓn 0.03/0.12 = (∆Ho/2) {150-25/298×423} 
         ∆Ho

 = -2,796 cal mol1 

٢١K אאאאאאאאאW 
    ∆G = ∆H  -  T ∆S 
    ∆S =  (∆H  -  ∆G) / T 
            = -110,000 – 120,000 /298 = 33.6 cal K-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


