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Answer the following quesrions about thermodynamics. Ap 2OO5 furn B
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(a) In the @ write a balanced chemical

one mole of CHrOH(/). Assume products are in
to be whole numbers.
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(b) On the basis of your answer to part (a) and the information in the table, determine the enthalpy change for

the reaction C(s) + H2(g) + HzO(l) -+ CHrOH(l).
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(c) Write the balanced chemical equation that shows the reaction
formation for one mole of CH3OH(Ð.
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@ A srudent performs an experiment to determine the molar enthalpy of solution of urea, H2NCONH2. The student
places 91.95 g of water at 25"C into a coffee-cup calorimeter and immerses a thermometer in the water.

After 50 s, the student adds 5.13 g of solid urea, also at25"C, to the water and measures the temperature of the

solution as the urea dissolves. A plot of thc tcmpcrature dÏa is shown in the graph below. ?OtO A?
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(a) Determine the change in temperature of the'solution that results from the dissolution of the urea.

(b) According to the data, is
Justify your answer.
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the dissolution of urea in water an endothermic process or an exothermic process?
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(c) Assume that the speciflrc heat capacity of the calorimeter is negligible and that the specific heat caPacity of
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(Ð Calculate the heat of dissolution of the urea in joules.
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(ii) Calculate the mola¡ enthalpy of solution, , of urea in
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(d) Using the information in the table below, calculate the value of the molar entropy of solution, ÁSi,n, of

urea at298 K. Include units with your answer.
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Accepted Value

Âfl"l¡n ofurea 14.0 kI mol-l

LGr"o¡n of vea -6.9 kJ mol-l
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(e) The student repeats the experiment and this time obtains a result for ò,Hi",^ of urea that is t I percent

below the accepted value. Calculate the value of ÃH;'o,, that the student obtained in this second [ial.
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(Ð The student performs a third trial of the experiment but this time adds urea that has been taken directly

from a refügerator at 5oC. What effect, if any, would using the cold urea instead of urea at 25"Chave on
the experimentally obtained value of LH:"h? Justify your answer.
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Aluminum metal can be recycled from scrap metal by melting the metal to evaporate impurities.

(a) Calculate the amount of heat needed to purify 1.00 mole of Al originally at298 K by melting it. The
melting point of Al is 933 K. The molar heat capacity of Al is 24 ll(mol.K), and the heat of fusion
of Al is 10.7 kJ/mol.
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(b) The equation for the overall process of extracting Al from AlrO, is shown below. Which requires
energy, recycling existing Al or extracting Al from AlrO, ? Justify your answer with a calculation.
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(b) For the reaction at25"c, the value of the standard free-energy ch'ange, ÅGo, is -70.4kJ
(i) calculate the value of the equilibrium constant, K"n,for the reaction at25oC.

(ii) Indicate whether the value of AG" would become more negative, less negative, or remain u nchanged Ias the temperature is increased. Justify your answer
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(c) Use the data in the table below to calculate the value of the standard mola¡ entropy, .So, for O2(g) at25"C.
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(d) Use the data in the table below to calculate the bond energy, in kJ mol-I, of the nitrogen-oxygen bond in
NO, . Assume that the bonds in the NO, molecule are equivalent (i.e., they have the same energy).
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C6H5OH(s) +7 Or(g) -> 6 COr(g) + 3 HrO(Q) (h? tqqs)
le of pure phenol, C6H5OH(s), is completely burned according to the equation above,

released. Use the information in the table below to answer the questions that follow

Standard Heat of

Formation, ÁI1i, Absolute Entropy, S",

at25"C (kJ/mot) at25"C (J/mol.K)
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Calculate the molar heat of combustion of phenol in kilojoules per mole at25"C.
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(b) Calculate the standa¡d heat of formation, Á/l¡", of phenol in kilojoules per mole at 25oC.
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(c) calculate the value of the standa¡d free-energy change, aG ", for the combustion of phenol at25"C.
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(d) If the volume of the combustion container is 10.0 liters, calculate the final
temperature is changed to 110."C. (Assume no oxygen remains unreacted
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Fun with Thermo, Continued!

H2O1r¡ <-------> HrO<rl ÂH'rxn = 118J J/mole-K

a. Determine the sign of AH'rxn and the sign of ÂS"rxn, based on what is happening in this process
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7. 2Hr G) <------->

a. Determine the sign of AS"rxn, based on what is happening in this process.

Justify your

ASo rvru n
b. Calculate ÂG"rxn at25"C
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d. Calculate Kp for this reaction at 80'C'
Assume that ÀH and ÀS are not significantly temperature dependent for part (d) and (e)
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Report answer in "C, and be sure to say whether it is spontaneous above or below the temperature
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