
Solution 

Calculations of 'H: 

Table values for standard enthalpies: 

'H298(C2H5OH(liq)) = −277.6 kJ/mol; 'H298(CH3CHO(gas)) = –166.0 kJ/mol; 

'H298(H2O(liq)) = −286.0 kJ/mol; 'H298(CH3CO2H(liq)) = −484.1 kJ/mol 

C2H5OH(liq) + 1/2O2 (gas) o CH3CHO(gas) + H2O(liq)   (1) 

'H(1)298 = 'H298(H2O(liq)) + 'H298(CH3CHO(gas)) − 'H298(C2H5OH(liq)) = −286.0 – 166.0 + 277.6 = −174.4

kJ/mol 

CH3CHO(gas) + 1/2O2 (gas) o CH3CO2H(liq)    (2) 

'H(2)298 = 'H298(CH3CO2H(liq)) − 'H298(CH3CHO(gas)) = −484.1 + 166.0 = −318.1 kJ/mol 

The equations for temperature dependence of 'H: 

∆𝐻1
573 =  ∆𝐻1

298 + ∫ ∆𝑐𝑝(1)𝑑𝑇 + 
573

298
∆𝐻𝑣𝑎𝑝(𝐻2𝑂) − ∆𝐻𝑣𝑎𝑝(𝐶2𝐻5𝑂𝐻) 
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∆𝐻2
573 =  ∆𝐻2

298 + ∫ ∆𝑐𝑝(2)𝑑𝑇 + 
573

298
∆𝐻𝑣𝑎𝑝(𝐶𝐻3𝐶𝑂2𝐻) 

We found the next values for heat capacity (cp) and enthalpy of vaporization (∆Hvap) for substances 

on the Internet. The average value of heat capacity in a predetermined range was used: 

cp(H2O(liq)) = 76 J/mol∙K; cp(H2O(gas))373-573 = 31.5 J/mol∙K 

cp(C2H5OH(liq)) = 121.9 J/mol∙K; cp(C2H5OH(gas))350-573 = 35.7 J/mol∙K 

cp(CH3CO2H(liq)) = 123.4 J/mol∙K; cp(CH3CO2H(gas))391-573 = 92.0 J/mol∙K 

cp(CH3CHO(gas))298-573 = 69.4 J/mol∙K; cp(O2 (gas))298-573 = 30.6 J/mol∙K 

∆Hvap(H2O) = 40.7 kJ/mol∙K; ∆Hvap(C2H5OH) = 38.6 kJ/mol∙K; ∆Hvap(CH3CO2H) = 23.7 kJ/mol 

Cp changes considerably due to the phase transitions, so we have to split the integral into parts 

where cp of each compound is approximately constant. 

∫ ∆𝑐𝑝(1)𝑑𝑇
573

298
= ∫ ∆𝑐𝑝1(1)𝑑𝑇

351

298
+ ∫ ∆𝑐𝑝2(1)𝑑𝑇 +

373

351
∫ ∆𝑐𝑝3(1)𝑑𝑇
573

373
 

∫ ∆𝑐𝑝1(1)𝑑𝑇
351

298
= [ 𝑐𝑝(𝐻2𝑂(𝑙𝑖𝑞)) + 𝑐𝑝(𝐶𝐻3𝐶𝐻𝑂(𝑔𝑎𝑠)) − 1

2 𝑐𝑝(𝑂2 (𝑔𝑎𝑠)) − 𝑐𝑝(𝐶2𝐻5𝑂𝐻(𝑙𝑖𝑞))] ∆𝑇1 

∫ ∆𝑐𝑝2(1)𝑑𝑇
373

351
= [ 𝑐𝑝(𝐻2𝑂(𝑙𝑖𝑞)) + 𝑐𝑝(𝐶𝐻3𝐶𝐻𝑂(𝑔𝑎𝑠)) − 1

2 𝑐𝑝(𝑂2 (𝑔𝑎𝑠)) − 𝑐𝑝(𝐶2𝐻5𝑂𝐻(𝑔𝑎𝑠))] ∆𝑇2 

∫ ∆𝑐𝑝3(1)𝑑𝑇
573

373
= [ 𝑐𝑝(𝐻2𝑂(𝑔𝑎𝑠)) + 𝑐𝑝(𝐶𝐻3𝐶𝐻𝑂(𝑔𝑎𝑠)) − 1

2 𝑐𝑝(𝑂2 (𝑔𝑎𝑠)) − 𝑐𝑝(𝐶2𝐻5𝑂𝐻(𝑔𝑎𝑠))] ∆𝑇3 

Summing the expressions of these three integrals we obtain the following equation: 

∫ ∆𝑐𝑝(1)𝑑𝑇573
298 =  𝑐𝑝(𝐻2𝑂(𝑙𝑖𝑞))(∆𝑇1 + ∆𝑇2) + 𝑐𝑝(𝐻2𝑂(𝑔𝑎𝑠))∆𝑇3 + 𝑐𝑝(𝐶𝐻3𝐶𝐻𝑂(𝑔𝑎𝑠))∆𝑇𝑠𝑢𝑚 – 

− 1
2 𝑐𝑝(𝑂2 (𝑔𝑎𝑠))∆𝑇𝑠𝑢𝑚 − 𝑐𝑝(𝐶2𝐻5𝑂𝐻(𝑙𝑖𝑞))∆𝑇1 −  𝑐𝑝(𝐶2𝐻5𝑂𝐻(𝑔𝑎𝑠))(∆𝑇2 + ∆𝑇3), where ΔTi is 

temperature difference corresponding to the interval, ΔTsum - total temperature difference. 

In such manner we can obtain the equation below: 
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∫ ∆𝑐𝑝(2)𝑑𝑇573
298 = 𝑐𝑝(𝐶𝐻3𝐶𝑂2𝐻(𝑙𝑖𝑞))(𝑇𝑏 − 298) + 𝑐𝑝(𝐶𝐻3𝐶𝑂2𝐻(𝑔𝑎𝑠))(573 − 𝑇𝑏) − 

− [𝑐𝑝(𝐶𝐻3𝐶𝐻𝑂(𝑔𝑎𝑠)) + 1
2 𝑐𝑝(𝑂2 (𝑔𝑎𝑠))] ∆𝑇𝑠𝑢𝑚, where Tb is boiling point of acetic acid. 

∫ ∆𝑐𝑝(1)𝑑𝑇573
298 = 76∙(373 − 298) + 31.5∙(573 − 373) + 69.4∙(573 − 298) – ½∙30.6∙(573 − 298) – 

121.9∙(351-298) – 35.7∙(573-351) = 12,491 J/mol = 12.5 kJ/mol 

∫ ∆𝑐𝑝(2)𝑑𝑇573
298 = 123.4∙(391 − 298) + 92∙(573 – 391) – (69,4 + 0.5∙30.6)(573 – 298) = 

= 4,928 J/mol = 4.9 kJ/mol 

Shifting the value of integral into equation we can obtain enthalpy of the reactions: 

'H(1)573 = – 174.4 + 12.5 + 40.7 – 38.6 = –159.8 kJ/mol 

'H(2)573 = –318.1 + 4.9 + 23.7 = –289.5 kJ/mol 

For getting correct energy in process of formation of the acetic acid remember that acetaldehyde 

needed for reaction (2) is produced in the reaction (1). 

C2H5OH + 1/2O2 o CH3CHO + H2O  'H(1)573 

CH3CHO + 1/2O2 o CH3CO2H    'H(2)573 

C2H5OH + O2 o CH3CO2H + H2O  'H(12)573 = 'H(1)573 + 'H(2)573 

'H(12)573 = –159.8 – 289.5 = –449.3 kJ/mol 

Let us calculate the total enthalpy 'H(t)573 of processes considering the contribution of each one. 

'H(t)573 = 0.6∙'H(1)573 + 0.4∙'H(12)573 = 0.6∙(–159.8) + 0.4∙(–449.3) = –275.5 kJ/mol 

Enthalpy value is negative, so we need to remove heat from the reactor. 

Using proportion we can calculate the total energy, required to form a 1200 mol product: 

0.6 mol  – –275.5 kJ/mol 

1200*103 mol  – Q 

Q = 551*106 kJ = 551*109 J 

Now we can get the amount of cooling water. ΔT = 50 – 25 = 25 K 

D O  M Y  A S S I G N M E N T SUBMIT

W W W . A S S I G N M E N T E X P E R T. C O M

3

http://www.assignmentexpert.com/
http://www.assignmentexpert.com/do-my-assignment.html
https://www.assignmentexpert.com/assignments/#signup
http://www.assignmentexpert.com


Q = ncp(H2O)ΔT, n = m/M – amount of substance of water. 

m(H2O) = Q*M(H2O)/(cp(H2O)ΔT) = 551*109*0.018/(76*25) = 5,220,000 kg of cooling water 
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