Pre-AP Chemistry, Grade 10
Test 1: Thermodynamics
I. Multiple Choice

1. Which of following is most closely related to the heat released by a chemical reaction?
a) entropy
b) free energy
c) specific heat
d) enthalpy
e) temperature
2. The maximum chemical work achievable by a chemical reaction equals its
a) entropy
b) free energy
c) action potential
d) activation energy
e) enthalpy
f) Which of the following is true of all spontaneous reactions?
g) ΔSrxn > 0
h) ΔSuniverse > 0

i) ΔSuniverse < 0

j) ΔSsurr > 0

k) None of the above
3. The reaction of NH4NO3 and water is endothermic. Heat flows from
a) Products to reactants
b) Reactants to products
c) System to surroundings
d) Surroundings to system
e) Ammonium nitrate to water
4. In an exothermic reaction, the _______ have higher enthalpy than the _______.
a) Products … reactants
b) Reactants … products

c) System … reactants

d) System … products

e) Universe … surroundings

5. Predict the change in entropy for the following reaction:
a) 2ZnS(s) + 3O2(g) ( 2ZnO(s) + 2SO2(g)

b) ΔSrxn > 0

c) ΔSrxn = 0

d) ΔSrxn < 0

e) Impossible to predict

f) Depends on the sign ofΔHrxn
6. The reaction
2NO(g) + O2(g) ( 2NO2(g)

releases heat. Chemists would predict that this reaction is
a) Always spontaneous
b) Spontaneous at high T
c) Spontaneous at low T
d) Never spontaneous
e) Too complicated to predict
7. A swimmer measures the energy he burns while exercising by measuring the temperature change of the pool water while swimming. His measurement depends on the
a) Zeroth law of thermodynamics
b) First law of thermodynamics

c) Second law of thermodynamics

d) Third law of thermodynamics

e) Hess’s Law
8. An industrial chemist calculates the heat needed to extract iron (Fe(s)) from iron carbide (FeC(s)) by adding the heat needed to decompose FeC(S) to Fe(s) and C(s) to the heat needed to covert C(s) to methane (CH4(g)). His calculation is most closely related to
a) Zeroth law of thermodynamics
b) First law of thermodynamics

c) Second law of thermodynamics
d) Third law of thermodynamics

e) Hess’s Law

9. Given the following reactions

Pb(s) + S(s) ( PbS(s)

ΔH = 94 kJ/mol
PbS(s) + 2O2(g) ( PbSO4(s) ΔH = 824 kJ/mol

The heat of formation of one mole of PbSO4(s) from its elements is

a) 730 kJ

b) -918 kJ

c) -730 kJ

d) 918 kJ

e) None of these

10. A flask with two blubs contains six particles. What is the probability that one bulb contains all six particles?

a) 1/3

b) 1/6

c) 1/12

d) 1/32

e) 1/64
11. Which of the following is a true statement?

a) Exothermic reactions are spontaneous

b) A system at constant temperature cannot change entropy
c) In spontaneous processes, the number of moles of products always exceeds the number of moles of reactants

d) The entropy of the universe is increasing

e) In a spontaneous process free energy increases
12. Consider the following numbered processes

1) A ( 2B    ΔH1
2) B ( C + D  ΔH2
3) E ( 2D
  ΔH3
The enthalpy change (ΔH) for the reaction A ( 2C + E is given by

a) 2ΔH1 + 2ΔH2 –ΔH3
b) ΔH1 + 2ΔH2 –ΔH3
c) 2ΔH1 + ΔH2 +ΔH3
d) 2ΔH1 + ΔH2 –ΔH3
e) ΔH1 - 2ΔH3
13. Calculate ΔS for the following reaction:
2 NH3 ( 3H2 + N2
	Substance
	Sº J/(K mol) 

	NH3(g)
	193

	H2(g)
	131

	N2(g)
	192


a) 130 J/mol K

b) -54 J/mol K

c) 971 J/mol K

d) 199 J/mol K

e) -212 J/mol K

14. The lowest possible entropy occurs

a) In a perfect crystal at 0 K

b) When a liquid is converted to a solid

c) Only at very high temperatures

d) At the end of an endothermic reaction

e) Only in the gas phase

15. For a particular reaction, ΔH = +185 kJ/mol andΔS = +180 J/mol K. At what temperature does the reaction become spontaneous?
a) 376 K

b) 0.973 K

c) 1030 K

d) 187 K

e) 1.03 K

16. Which of the following statements is true for the reaction I2(g) ( 2I(g)?

I. ΔH is positive

II. ΔH is negative

III. ΔS is positive

IV. ΔS is negative

V. The reaction is spontaneous at any temperature

a) I and III

b) IV only

c) V only

d) II and IV

e) I only

17. The standard free energy of formation of NaBr(s) is -347 kJ/mol K. Calculate the free energy of the following reaction
2NaBr(s) ( 2Na(s) + Br2(g)

a) -694 kJ/mol

b) -112 kJ/mol

c) -347 kJ/mol

d) 694 kJ/mol

e) 347 kJ/mol

18. For which of the following reactions wouldΔS be expected to be the most positive?

a) CO2(g) ( CO2(s)

b) Cl2(g) + H2(g) ( 2HCl(g)

c) Na+(aq) + Cl-(aq) ( NaCl(s)

d) C6H12O6(s) + 6O2(g) ( 6CO2(g) + 6H2O(g)

e) H+(aq) + OH-(aq) ( H2O(l)

19. Which of the following graphs shows non-spontaneous process?
a) 
b) 
c) 



d) 



e)


II. Free Response
You MUST answer in words using complete sentences. Equations alone will receive NO credit.

1. The reaction below is a reversible reaction:

BCl3(g) + NH3(g) (( Cl3BNH3(s)

a) Predict the sign of the entropy change, ΔS, as the reaction proceeds to the right. Explain your prediction.

b) If the reaction proceeds spontaneously to the right, predict the sign of the of the enthalpy change, ΔH. Explain your prediction.

c) The direction in which the reaction proceeds spontaneously changes when the temperature increases above a specific temperature. Explain why.

2. Consider the reaction below, which is spontaneous at 298 K:

CO2(g) + 2NH3(g) ( CO(NH2)2(s) + H2O(l)

ΔH = -134 kJ/mol
a) Indicate whether the standard entropy change, ΔS, is positive, negative, or zero. Justify your answer.
b) Which factor, the enthalpy change, ΔH, or the entropy change, ΔS, is the most important force in driving the spontaneity of the reaction at 298 K? Explain.

c) How would the value of the free energy, ΔG, change for the this reaction with an increase in temperature?

3. Two nitrogen atoms combine to form a nitrogen molecule, as represented by the following chemical equation

2N(g) ( N2(g)

	Bond
	Average Bond Energy (kJ/mol)

	N-N
	160

	N=N
	420

	N=N
	950


a) Using the table of average bond energies above, determine the enthalpy change for the reaction.

b) The reaction between nitrogen and hydrogen to form ammonia is given represented by

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

ΔH = -92.2 kJ

Circle the correct answers to fill in the blanks in the sentence below. Explain your choices.

The value of ΔG for the reaction above is negative at _________ (low / high) temperatures but positive at _________  (low / high) temperature.
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