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Unit 4 Exam FRQs 0910

FRQ #1
An experiment is to be performed to determine the stan​dard molar enthalpy of neutralization of a strong acid by a strong base. Standard school laboratory equipment and a supply of standardized 1.00 molar HCl and stan​dardized 1.00 molar NaOH are available.

(a)
What equipment would be needed?

(b)
What measurements should be taken?

(c)
Without performing calculations, describe how the result​ing data should be used to obtain the standard molar en​thalpy of neutralization.

(d)
When a class of students performed this experi​ment, the average of the results was -55.0 kilo​joules per mole. The accepted value for the stan​dard molar enthalpy of neutral​ization of a strong acid by a strong base is -57.7 kilojoules per mole. Propose two likely sources of experimental error that could account for the result obtained by the class.

FRQ #2


∆Hf˚
S˚


Compound
(kilocalories/mole)
(calories/mole K)

H2O(l)
-68.3
16.7


CO2(g)
-94.1
51.1


O2(g)
0.0
49.0


C3H8
?
64.5

When 1.000 gram of propane gas, C3H8, is burned at 25˚C and 1.00 atmosphere, H2O(l) and CO2(g) are formed with the evolution of 12.03 kilocalories.

(a)
Write a balanced equation for the combustion reac​tion.
(b)
Calculate the molar enthalpy of combustion,  ∆H˚comb, of propane.
(c)
Calculate the standard molar enthalpy of formation, ∆Hf˚, of propane gas.
(d)
Calculate the entropy change, ∆S˚comb, for the re​action and account for the sign ∆S˚comb.

Answers
FRQ #1:

Answer:

(a)
Equipment needed includes a thermometer, and a container for the reaction, preferably a container that serves as a calorimeter, and volumetric glass​ware (graduated cylinder, pipet, etc.).

(b)
Measurements include the difference in tempera​tures between just before the start of the reaction and the completion of the reaction, and amounts (volume, moles) of the acid and the base.

(c)
Determination of head (evolved or absorbed): The sum of the volumes (or masses) of the two solu​tions, and change in temperature and the specific heat of water are multiplied together to determine the heat of solution for the sample used. q = (m)(cp)(∆T).


Division of the calculated heat of neutralization by moles of water produced, or moles of H+, or moles of OH-, or moles of limiting reagent.

(d)
Experimental errors: heat loss to the calorimeter wall, to air, to the thermometer; incomplete transfer of acid or base from graduated cylinder; spattering of some of the acid or base so that incomplete mixing occurred, … Experimenter errors: dirty glassware, spilled solution, misread volume or temperature, …

FRQ #2:

Answer:

(a)
C3H8 + 5 O2(g) 3 CO2(g) + 4 H2O(l)

(b)



(c)




-530.8 kcal = [3(-94.1) + 4(-68.3) - X] kcal


∆H˚comb. = -25.0 kcal/mol

(d)




= [3(51.1) + 4(16.7)] - [64.5 + 5(49.0)]


= -89.4 cal/mol.K


Entropy decreases due to loss of highly disordered gaseous species upon combustion.
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