Osukuuni Practice Questions

CHEM 1211

Thermochemistry
1. Classify the following processes as exothermic or endothermic:

(a) freezing of water
(b) melting of ice
(c) boiling of water
(d) heating with a furnace 

(a) exothermic 
(b) endothermic 
(c) endothermic

(d) exothermic

2. Is the specific heat of a substance intensive or extensive property? Explain

Specific heat capacity is J/g.K. It is constant for any given substance and does not depend on the amount of substance, hence intensive property.

Note that heat capacity (J/K), on the other hand, depends on the mass of substance and is extensive (heat capacity = mass x specific heat capacity)

3. Calculate q when 0.20 g of ice is cooled from 10 oC to -75oC (Cice = 2.087 J/g.K).
q = Cs x m x (T

    = (2.087 J/g.K) x (0.20 g) x (-75 - 10) = -35 J
4. A 325-g aluminum engine part at an initial temperature of 3.00 oC absorbs 85.0 kJ of heat. What is the final temperature of the part (CAl = 0.900 J/g.K)?

q = Cs x m x (T
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5. One piece of copper jewelry at 120 oC has exactly twice the mass of another piece, which is at 52 oC. Find the final temperature inside the calorimeter if both pieces are placed in the calorimeter. (Assume calorimeter has negligible heat capacity; Ccopper = 0.387 J/g.K)
If mass of copper at 52 oC = m, then mass of copper at 120 oC = 2m

qhot = - (qcold + qcal)

qhot copper = Cs x m x (T = Cs x 2m x (T2 - 120 oC)

qcold copper = Cs x m x (T = Cs x m x (T2 - 52 oC)

Negligible heat capacity of calorimeter implies qcal = 0 and qhot = - qcold
Cs x 2m x (T2 - 120 oC) = - [Cs x m x (T2 - 52 oC)]

Cs and m are found on both sides so they cancel

2 x (T2 - 120 oC) = - (T2 - 52 oC)

T2 = 97 oC

6. An unknown volume of water at 18.2 oC is added to 24.4 mL of water at 35.0 oC. If the final temperature is 23.5 oC, what is the unknown volume? (Assume that no heat is lost to the surroundings; density of water is 1.00 g/ml)

Volume of hot water = 24.4 mL and density = 1.00 g/mL → mass of hot water = 24.4 g

qhot = Cs x m x (T = Cs x (24.4 g) x (23.5 oC - 35.0 oC)

qcold = Cs x m x (T = Cs x m x (23.5 oC - 18.2 oC)

No heat lost to surroundings implies qcal = 0 and qhot = - qcold
Cs x (24.4 g) x (23.5 oC - 35.0 oC) = - [Cs x m x (23.5 oC - 18.2 oC)]

Cs is found on both sides so it cancels

(24.4 g) x (-11.5 oC) = - [m x (5.3 oC)]
m = 53 g
Again, density is 1.00 g/mL, hence volume = 53 mL

7. A system undergoes the following processes:
A: The system releases 68 J of heat while 25 J of work is done on it.

B: The system releases 39 J of heat while performing 81 J of work.

Calculate (E for the overall process.

A: (E = q + w = -68 J + 25 J = -43 J

B: (E = q + w = -39 J - 81 J = -120 J

Overall (E = A + B = (-43 - 120) J = - 163 J

8. Liquid hydrogen peroxide, an oxidizing agent in many rocket fuel mixtures, releases oxygen gas on decomposition:
2H2O2(l) → 2H2O(l) + O2(g)  
(Hrxn = -196.1 kJ

a) How much heat is released when 2.00 mol of H2O2 decomposes?

b) How much heat is released when 3.00 mol of O2 is produced?

c) How much heat is released when 6.00 mol of H2O is produced?

d) How much heat is released when 10.0 g of H2O2 decomposes?

(a) From the balanced reaction, 2 (the coefficient) moles H2O2 releases -196.1 kJ

  Implies 2.00 moles of H2O2 releases 2/2(-196.1 kJ) = -196.1 kJ of heat

(b) From the balanced reaction, 1 (the coefficient) moles O2 releases -196.1 kJ

  Implies 3.00 moles of H2O2 releases 3(-196.1 kJ) = - 588.3 kJ of heat

(c) From the balanced reaction, 2 (the coefficient) moles H2O releases -196.1 kJ

  Implies 6.00 moles of H2O releases 6/2(-196.1 kJ) = 3(-196.1 kJ) = - 588.3 kJ of heat

(d) Convert 10.0 g of H2O2 to moles → (10.0 g)/(34.02 g/mol) = 0.294 mol
  From the balanced reaction, 2 (the coefficient) moles H2O2 releases -196.1 kJ

  Implies 0.294 mol of H2O2 releases 0.294/2(-196.1 kJ) = -28.8 kJ of heat

9. Given the following data

Fe2O3(s) + 3CO(g) → 2Fe(s) + 3CO2(g)

(Ho = -23 kJ

(1)
3Fe2O3(s) + CO(g) → 2Fe3O4(s) + CO2(g)

(Ho = -39 kJ

(2)
Fe3O4(s) + CO(g) → 3FeO(s) + CO2(g)

(Ho = +18 kJ

(3)
Calculate (Ho for the reaction
FeO(s) + CO(g) → Fe(s) + CO2(g)
(4)
Examine the overall equation (4) to know which substances go on reactant/product sides

FeO(s) is needed on the reactant side so reverse equation (3) and (Ho changes sign
3FeO(s) + CO2(g) → Fe3O4(s) + CO(g)

(Ho = -18 kJ

(5)
CO(g) is needed on reactant side but is seen in all three so leave for now

Fe(s) is needed on product side and is on product side of equation (1) so left as is
Fe2O3(s) + 3CO(g) → 2Fe(s) + 3CO2(g)

(Ho = -23 kJ

(6)

CO2(g) is needed on product side but is found in all three so leave for now

The next thing is to try and cancel unwanted substances

Fe3O4(s) is on product side of equation (5) and Fe2O3(s) is on reactant side of equation (6)

Reverse equation (2) to be able to cancel them

2Fe3O4(s) + CO2(g) → 3Fe2O3(s) + CO(g)  

(Ho = +39 kJ

(7)

Compare equations (5) and (7), (5) has to be multiplied by 2 to cancel Fe3O4(s) 

6FeO(s) + 2CO2(g) → 2Fe3O4(s) + 2CO(g)

(Ho = -36 kJ

(8)

Compare equations (6) and (7), (6) has to be multiplied by 3 to cancel Fe2O3(s)

3Fe2O3(s) + 9CO(g) → 6Fe(s) + 9CO2(g)

(Ho = -69 kJ

(9)

Add up equations (7), (8), and (9) to get

6FeO(s) + 6CO(g) → 6Fe(s) + 6CO2(g)

(Ho = (+39-36-69) = -66 kJ
(10)

Divide through by 6 to arrive at equation (4)
FeO(s) + CO(g) → Fe(s) + CO2(g)


(Ho = -11 kJ

(4)

10. Calculate (Hrxn for  2NOCl(g) → N2(g) + O2(g) + Cl2(g) given the following reactions
1/2N2(g) + 1/2O2(g) → NO(g) 
(H = 90.3 kJ



(1)

NO(g) + 1/2Cl2(g) → NOCl(g)
(H = -38.6 kJ



(2)
We want to arrive at 2NOCl(g) → N2(g) + O2(g) + Cl2(g) 


(3)

NOCl(g) is needed on the reactant side so reverse equation (2)
NOCl(g) → NO(g) + 1/2Cl2(g)
(H = +38.6 kJ



(4)
N2(g) is needed on the product side so reverse equation (1)

NO(g) → 1/2N2(g) + 1/2O2(g)
(H = -90.3 kJ



(5)

Add equations (4) and (5) to cancel unwanted NO
NOCl(g) → 1/2N2(g) + 1/2O2(g) + 1/2Cl2(g)    (H = (+38.6-90.3) kJ = -51.7 kJ
(6)

Multiply equation (6) by 2 to arrive at (3)

2NOCl(g) → N2(g) + O2(g) + Cl2(g)    (H = -103.4 kJ


(6)

11. Calculate (H for Mg(s) + H2O(g) → MgO(s) + H2(g) given the following reactions
Mg(s) + 2HCl(aq) → MgCl2(aq) + H2(g)

(H = -373 kJ

(1)
MgO(s) + 2HCl(aq) → MgCl2(aq) + H2O(l)

(H = -57 kJ

(2)
H2O(l) → H2O(g)




(H = +44 kJ

(3)
We want to arrive at Mg(s) + H2O(g) → MgO(s) + H2(g)


(4)

Mg(s) is needed on reactant side so equation (1) remains the same

Mg(s) + 2HCl(aq) → MgCl2(aq) + H2(g)

(H = -373 kJ

(5)

H2O(g) is needed on reactant side so equation (3) is reversed (note liquid and gas phases)
H2O(g) → H2O(l)




(H = -44 kJ

(6)

MgO(s) is needed on product side so equation (2) is reversed

MgCl2(aq) + H2O(l) → MgO(s) + 2HCl(aq)

(H = +57 kJ

(7)

Notice that H2 is already on product side in equation (5)

Add up (5), (6) and (7) to cancel unwanted substances to arrive at (4)

Mg(s) + H2O(g) → MgO(s) + H2(g)

(H = (-373-44+57) kJ = -360 kJ
 (4)

12. Acetylene burns in air according to the following equation:
C2H2(g) + 5/2O2(g) → 2CO2(g) + H2O(g)

Calculate (Horxn given that (Hfo C2H2(g) = +227 kJ/mol, (Hfo CO2(g) = -393.5 kJ/mol, and (Hfo H2O(g) = -241.8 kJ/mol
(Hfo of products = 2(-393.5) + (-241.8) = -1028.8 kJ
(Hfo of reactants = (+227) + 5/2(0) = +227 kJ

(Horxn = (Hfo of products - (Hfo of reactants = -1028.8 kJ - 227 kJ = -1256 kJ

13. Copper(I) oxide can be oxidized to copper(II) oxide:

Cu2O(s) + 1/2O2(g) → 2CuO(s) 
(Horxn = -146.0 kJ

Given that (Hfo of Cu2O(s) = -168.6 kJ/mol, what is (Hfo of CuO(s)?
(Hfo of products = ?

(Hfo of reactants = (-168.6) + 1/2(0) = -168.6 kJ

(Horxn = -146.0 kJ

(Horxn = (Hfo of products - (Hfo of reactants 

-146.0 kJ = 2[(Hfo CuO(s)] - (-168.6 kJ)

(Hfo CuO(s) = -314.6 kJ/2 = -157.3 kJ
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