2019 AP® CHEMISTRY FREE-RESPONSE QUESTIONS

H,NCONH,(5) 2 H,NCONH,(ag)

The dissolution of urea is represented by the equation above. A student determines that 3.39 grams of
H;NCONH; (molar mass 60.06 g/mol) can dissolve in water to make 5.00 ml of a saturated solution at 20,°C.

Polystyrene Thermometer Stiming Bottle of Dhstilled
Cup Rod Lrca Water
() The equipment shown above is provided so that the student can determine the value of the molar heat of
solution for urea. Knowing that the specific heat of the solution is 4.18 I{g-"C), list the specific
measurements that are required 1o be made during the experiment.
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Nay3404iag) + 4 NaOCl{ag) + 2 NaOH{ag) — 2 NaySO,lag) + 4 NaCliag) + HyO()

1. A student performs an experiment to determine the value of the enthalpy change, AHZ_ . for the
oxidation-reduction reaction represented by the balanced equation above.

(a) Determine the oxidation number of Cl in Na(C].
ib} Calculate the number of grams of Nay5404 needed to prepare 100.00 mL of 0.500 M NayS+04(ag).

In the experiment, the student uses the solutions shown in the lable below.

Solution L&mr:})mlmn V;;}:;]‘;IL
Na,8,04(ag) 0500 5.00
MNaOClag) 0.500 5.00
MaOH(aqg) 0,500 5.00

i) Using the balanced equation for the oxidation-reduction reaction and the information in the table above,
determine which reactant is the limiting reactant. Justify your answer.



The solutions, all originally at 20.0°C, are combined in an insulated calorimeter. The temperature of the reaction
mixture is monitored, as shown in the graph below.
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(d) According to the graph, what is the temperature change of the reaction mixture?
{e) The mass of the reaction mixiure inside the calorimeter is 15.21 g.

(i) Calculate the magnitude of the heat energy, in joules, that is released during the reaction. Assume thal
the specific heat of the reaction mixture is 3.94 1/(g-°C) and that the heat absorbed by the calorimeter is
negligible.

(ii) Using the balanced equation for the oxidation-reduction reaction and your answer to part {c), calculate
the value of the enthalpy change of the reaction, AHZ, , in kJ/mol 4. Include the appropriate algebraic
sign with your answer,

The student repeats the experiment, but this time doubling the volume of each of the reactants, as shown in the
Lable below,

Solution L““:";})“‘"““ v;’;]‘ﬂ“
Na,S,04(aq) 0.500 10.0
NaOCl(ag) 0.500 10.0
NaOH(ag) 0.500 10.0

() The magnitude of the enthalpy change, AHZ | in klfmol y,, calculated from the results of the second
experiment is the same as the result caleulated in part (e)(ii). Explain this result.

(g) Write the balanced net ionic equation for the given reaction.
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2 C;H,OH() +9 04(g) — 6 CO4(g) + 8 H,0(g)

5. A student performs an experiment to determine the enthalpy of combustion of 2-propanol. C;H,OH([), which
combusts in oxygen according to the equation above. The student heats a sample of water by burning some of
the C;H.OH(/) that is in an alcohol bumner, as represented below. The alcohol burner uses a wick to draw liquid
up into the flame. The mass of C;H,OH(/) combusted is determined by weighing the alcohol burner before and
after combustion.

Initial Final

Data from the experiment are given in the table below.

Mass of C;H,OH(/) combusted 055¢
Mass of water heated 12500 2
Initial temperature of water 22.0°0C
Final temperature of water 51.1°C
Specific heat of water 4.18 M(g-"C)

{a) Calculate the magnitude of the heat energy, in kI, absorbed by the water. (Assume that the energy released
from the combustion is completely transferred to the water.)

(b) Based on the experimental data, if one mole of C;H;OH(/) is combusted. how much heat. in k. is released ?
Report your answer with the correct number of significant figures.

{c) A second student performs the experiment using the same mass of water at the same initial temperature.
However. the student uses an alcohol burner containing C,H,OH(J) that is contaminated with water, which
is miscible with C;H,OH(/). The difference in mass of the alcohol burner before and after the combustion in
this experiment is also (.55 2. Would the final temperature of the water in the beaker heated by the
alcohol burner in this experiment be greater than, less than, or equal to the final temperature of the water

in the beaker in the first student’s experiment? Justify your answer.
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A student investigates the enthalpy of solution, AH_, . for two alkali metal halides, LiCl and NaCl. In addition
to the salts, the student has access to a calorimeter, a balance with a precision of 0.1 2, and a thermometer with

a precision of +0.1°C.

(a) To measure AH_, for LiCl, the student adds 100.0 g of water initially at 15.0°C to a calorimeter and adds
10.0 g of LiCl{s), stirring to dissolve. After the LiCl dissolves completely, the maximum temperature
reached by the solution is 35.6°C.

(i) Calculate the magnitude of the heat absorbed by the solution during the dissolution process, assuming
that the specific heat capacity of the solution is 4.18 J/(g-°C). Include units with your answer.

(ii) Determine the value of AH_, for LiCl in kl/mol_ .
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7. 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 at 298 K by melting it. The
melting point of Al is 933 K. The molar heat capacity of Al is 24 J/(mol-K). and the heat of fusion

of Al is 10.7 kJ/mol.

(b) The equation for the overall process of extracting Al from Al,O; is shown below. Which requires less
energy, recycling existing Al or extracting Al from Al,O, ? Justify your answer with a calculation.

ALO,(s) — 2 Al(s) + % O,(g)  AH® =1675kl/mol,,
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In a separate experiment, the student measures the enthalpies of combustion of propene and vinyl chloride.
The student determines that the combustion of 2.00 mol of vinyl chloride releases 2300 kJ of energy, according

to the equation below.
2CHCl(g) + 504(2) — 4CO.(g) + 2H,0(g) + 2HCI(g)  AH® =-2300 kJ/mol,,,

(c) Using the table of standard enthalpies of formation below, determine whether the combustion of 2.00 mol
of propene releases more, less, or the same amount of energy that 2.00 mol of vinyl chloride releases. Justify
your answer with a calculation. The balanced equation for the combustion of 2.00 mol of propene
is 2 C4Hg(g) + 9 05(g) — 6CO,(g) + 6 H,O(g).

Substance C,H,Cl(g) | C3Hi(g) | COx(g) | Hy0(g) | HCI(g) | O4(2)
Standard Enthalpy of
Formation (kJ/mol) 37 21 -394 -242 Q7 0
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MgO(s) + 2H'ag) — Mg™(aq) + HyO00)
3. Astudent was assigned the sk ol determining the enthalpy change Tor the reaction befween solid MgO and

agquecus HCD represented by the nel-ionic equation above, The student uses a polysiyrens cup calonimeter and
performs four trials. Data for each trial are shown in the able below.

Yolume of Mass of Imitial Temperatore Fimal “Termperatone
Trial 1.0M HCI MgOns) Added ol Salution ol Solution
{(ml} (2 ("C) ("C)
1 1000 .25 155 26.5
2 1000 (.50 250 29.1
3 1000 (.25 26.0 28.1
4 1000 (.50 24.1 28.1

(a) Which is the limiling reaciant in all Toor tnals, HCD or MgO? Justily your answer,

(b} The data in one of the Iials is inconsistent with the data in the other three trials, Identily the tial with
inconsistent data and draw a line through the data from that trial in the table above. Explain how you
identified the inconsiztent data.

For pans {c) and {d), use the data from one of the other three trials (i.e., not from the trial you identified in part
(h) above). Assume the calorimeter has a negligible heat capacity and that the specific heat of the contents of the

calorimeter is 4.18 JAg -C*). Assumne that the density of the HCliag) is 1.0 gfml.,

(¢} Calculate the magnitude of ¢, the thermal energy change, when the MgO was added to the 1.0 M HClag).
Include units with your answer.

(d) Determine the stadent’s experimental value of AH® Tor the reaction between MO and HCI in unils of
Klmol, .

() Enthalpies of Tonmation for substances involved in the reaction ane shown in the fable below, Using the
information in the table, detenmine the sccepled valoe of AN® for the reaction between MgOis) and

HCl(ag).
Subslance ,:-.H; (EJfmal)
MgO(s) 602
Ha000) — 286
H*(ag) 0
Mg**(aq) 467

(M) The accepted value and the experimental value do nol agree. 1T the calorimeder leaked heat energy o the
environment, would it help account Tor the discrepancy between the values? Explain.



