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AP® CHEMISTRY
2017 SCORING COMMENTARY
Question 2
Overview
In parts (a) through (f) this question assessed students’ understanding of several fundamental concepts: formal
charge, determination of ∆H° and ∆S° of a reaction, and the relationships between concentrations, thermodynamic
favorability, and K. In parts (e) and (f) the questions focused on the evaluation of data for a first-order reaction: the
decomposition of urea.
In this question the Learning Objectives (LO) assessed were 2.21, 4.1, 4.2, 4.3, 5.8, 5.12, and 5.13. The Science
Practices (SP) assessed were 1.4, 2.2, 2.3, 4.2, 5.1, 6.4, 7.1, and 7.2.
In part (a) students were asked to explain why one resonance structure of fulminic acid was better using formal
 for the conversion of fulminic acid (HCNO) to
charges. In part (b) students were asked to determine DH rxn
isocyanic acid (HNCO) using the given bond enthalpies. In part (c) students were asked to explain why ∆S° would
be close to zero for the conversion of HCNO(g) to HNCO(g). In part (d) using their answers to parts (b) and (c),
students were asked to choose which species would be present in higher concentration at equilibrium and to justify
their choice in terms of thermodynamic favorability and the equilibrium constant. In part (e)(i) using a data table and
graph of [CO(NH2)2] vs. time, students were asked to explain how the data supported a first-order rate law for the
decomposition of urea. In part (e)(ii) using the proposed rate law and the data, students were asked to calculate the
rate constant for the decomposition of urea. In part (f) given the information that the decomposition reaction was run
at pH 13, students were asked to describe an experiment that would determine whether the reaction rate depended
upon the concentration of OH−.
Sample: 2A
Score: 10
This response earned 10 out of 10 possible points. The response earned 2 points in part (a) for the correct assignment
of formal charges on the atoms in both diagrams and for correctly explaining that the structure on the left is better
because the negative formal charge is better on the more electronegative oxygen. The response earned 1 point in part
(b) for subtracting the enthalpies of bonds formed from the enthalpies of bonds broken and 1 point for the correct
calculation of ∆H°. The student earned 1 point in part (c) for indicating that the entropy change would be close to
zero because there are the same number of moles of reactants and products and that there is no change of phase. The
response earned 1 point in part (d) because the student correctly indicates that HNCO would be present in higher
concentration and explains that because ∆H° is negative and ∆S° is close to zero, ∆G° would also be negative,
making the reaction thermodynamically favorable. The response earned 1 additional point because the student
indicates that when a reaction is thermodynamically favorable, K > 1. In part (e)(i) the student earned 1 point for
correctly indicating that the reaction has a constant half-life of 10 hours, and a constant half-life is indicative of a
first-order reaction. The response earned 1 point in part (e)(ii) for the correct calculation of k, with correct units. The
response earned 1 point in part (f) for the description of an experiment in which solutions at a pH of 1 and 7 would
be used, and the data would be collected and compared to determine whether [OH−] affected the rate.
Sample: 2B
Score: 8
This response earned 8 out of 10 possible points. In part (a) 1 point was earned for the correct assignment of formal
charges on the atoms in both diagrams. The second point was not earned because the student indicates that the
diagram on the left is better because C has a formal charge of zero, with no mention of the charge on oxygen in each
diagram. The response earned 1 point in part (b) for subtracting the enthalpies of bonds formed from the enthalpies
of bonds broken and 1 point for the correct calculation of ∆H°. In part (c) 1 point was earned for the explanation that
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Question 2 (continued)
the entropy change would be close to zero because there is no change in phase or number of molecules (moles). In
part (d) 1 point was earned for correctly indicating that HNCO would be present in higher concentration and for
correctly indicating that because ∆H° is negative and ∆S° is close to zero, ∆G° would also be negative, making the
reaction thermodynamically favorable. The second point was earned for showing by calculation that K > 1 under the
stated conditions. In part (e)(i) 1 point was earned for the graph of ln[CO(NH2)2] vs. time, which shows that the plot
is a straight line and is indicative of a first-order reaction. No point was earned in part (e)(ii) because the units are
incorrect. In part (f) 1 point was earned for the description of an experiment in which data would be collected at
different pHs.
Sample: 2C
Score: 5
This response earned 5 out of 10 possible points. In part (a) the first point was not earned because there are no
formal charges assigned in either diagram. The second point was not earned because the student incorrectly indicates
that the diagram on the left is better because carbon has four bonds and no unshared pairs of electrons, and the
student does not consider the other atoms in the molecule. The response earned 1 point in part (b) for subtracting the
enthalpies of bonds formed from the enthalpies of bonds broken and 1 point for the correct calculation of ∆H°. In
part (c) 1 point was earned for the explanation that the entropy change would be close to zero because 1 mole of gas
is converted into 1 mole of a different gas. No points were earned in part (d) because the student indicates that
HNCO would be in greater concentration at equilibrium because the reaction is exothermic, with no mention of the
role of entropy in determining thermodynamic favorability, and because there is no mention of K. In part (e)(i)
1 point was earned for the observation that the [CO(NH2)2] decreased by half at regular time intervals, which is
consistent with a first-order rate law. The response earned no point in part (e)(ii). In part (f) 1 point was earned for
the description of an experiment in which different OH− concentrations would be used and the rates compared.
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