Name: AP Chemistry: 2022

CHEMISTRY
SECTION II
Time—1 hour and 45 minutes

7 Questions

YOU MAY USE YOUR CALCULATOR FOR THIS SECTION.

lirections: Questions 1-3 are long free-response questions that require about 23 minutes each to answer and are
rorth 10 points each. Questions 4—7 are short free-response questions that require about 9 minutes each to answer
nd are worth 4 points each.

or each question, show your work for each part in the space provided after that part. Examples and equations may
e included in your responses where appropriate. For calculations, clearly show the method used and the steps
wolved in arriving at your answers. You must show your work to receive credit for your answer. Pay attention to
ignificant figures.

. A student reacts 0.300 g of methyl salicylate (CgHgO3) with a stoichiometric amount of a strong base. This
product is then acidified to produce salicylic acid crystals (HC;H503).

(a) For every 1 mole of CgHgO3 (molar mass 152.15 g/mol) reactant used, 1 mole of salicylic acid crystals
(HC7H503, molar mass 138.12 g/mol) is produced. Calculate the maximum mass, in grams, of HC;H503
that could be produced in this reaction.

GO ON TO THE NEXT PAGE.
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As part of the experimental procedure to purify the HC;H5O5 crystals after the reaction is complete, the crystals
are filtered from the reaction mixture, rinsed with distilled water, and dried. Some physical properties of
HC-;H503 are given in the following table.

Properties of Salicylic Acid (HC;H503)
Melting point 159°C
Solubility in H,O at 25°C 2.2 g/L
Specific heat capacity 1.17 J/(g-°C)
Heat of fusion 27.1 kJ/mol

(b) The student’s experiment results in an 87% yield of dry HC;H50O3. The student suggests that some of the
HC7H;03 crystals dissolved in the distilled water during the rinsing step. Is the student’s claim consistent
with the calculated percent yield value? Justify your answer.

(c) Given the physical properties in the table, calculate the quantity of heat that must be absorbed to increase the
temperature of a 0.105 g sample of dry HC;Hs5O3 (molar mass 138.12 g/mol) crystals from 25°C to the
melting point of 159°C and melt the crystals completely.

GO ON TO THE NEXT PAGE.
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The structures and melting points for methyl salicylate and salicylic acid are shown.
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Salicylic Acid
Melting Point: 159°C

(d) The same three types of intermolecular forces (London dispersion forces, dipole-dipole interactions, and
hydrogen bonding) exist among molecules of each substance. Explain why the melting point of salicylic acid
is higher than that of methyl salicylate.

The student titrates 20.0 mL of 0.0100 M HC,;Hs503(aq) with 0.0200 M NaOH, using a probe to monitor the
pH of the solution. The data are plotted producing the following titration curve.

pH
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(e) Using the information in the graph, estimate the pK,, of HC;H503.

(f) When the pH of the titration mixture is 4.00, is there a higher concentration of the weak acid, HC;H503, or
its conjugate base, CyH5O3, in the flask? Justify your answer.

(g) The student researches benzoic acid (HC;H50,) and finds that it has similar properties to salicylic acid
(HC7H503). The K, for benzoic acid is 6.3 x 1073, Calculate the value of pK, for benzoic acid.

(h) The student performs a second titration, this time titrating 20.0 mL of a 0.0100 M benzoic acid solution with
0.0200 M NaOH. Sketch the curve that would result from this titration of benzoic acid on the following graph,
which already shows the original curve from the titration of 20.0mL of 0.0100 M salicylic acid. The initial
pH of the benzoic acid solution is 3.11.
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6. A student is studying the properties of CaSO, and PbSO,. The student has samples of both compounds, which are
white powders.

(a) The student tests the electrical conductivity of each solid and observes that neither solid conducts
electricity. Describe the structures of the solids that account for their inability to conduct electricity.

The student places excess CaSOy(s) in a beaker containing 100 mL of water and places excess PbSOy(s) in
another beaker containing 100 mL of water. The student stirs the contents of the beakers and then measures the
electrical conductivity of the solution in each beaker. The student observes that the conductivity of the solution
in the beaker containing the CaSOy(s) is higher than the conductivity of the solution in the beaker containing
the PbSO,(s).

(b) Which compound is more soluble in water, CaSOy,(s) or PbSO,(s) ? Justify your answer based on the
results of the conductivity test.

GO ON TO THE NEXT PAGE.

Use a pencil or pen with black or dark blue ink onlv. Do NOT write vour name. Do NOT write outside the box.

AP Chemistry: 2021

The left side of the diagram below shows a particulate representation of the contents of the beaker containing
the CaSOy,(s) from the solution conductivity experiment.
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(c) Draw a particulate representation of PbSOy(s) and the ions dissolved in the solution in the beaker on the
right in the diagram. Draw the particles to look like those shown to the right of the beaker. Draw an
appropriate number of dissolved ions relative to the number of dissolved ions in the beaker on the left.

(d) The student attempts to increase the solubility of CaSO,(s) by adding 10.0 mL of 2 M H,SO,(ag) to the
beaker, and observes that additional precipitate forms in the beaker. Explain this observation.

GO ON TO THE NEXT PAGE.
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CHEMISTRY (c) Calculate the concentration of urea, in mol/L, in the saturated solution at 20.°C.

Section IT (d) The student also determines that the concentration of urea in a saturated solution at 25°C is 19.8 M. Based
on this information, is the dissolution of urea endothermic or exothermic? Justify your answer in terms of

Time—1 hour and 45 minutes Le Chatelier’s principle.

7 Questions
YOU MAY USE YOUR CALCULATOR FOR THIS SECTION.

Directions: Questions 1-3 are long free-response questions that require about 23 minutes each to answer and are
worth 10 points each. Questions 4-7 are short free-response questions that require about 9 minutes each to answer
and are worth 4 points each.

Write your response in the space provided following each question. Examples and equations may be included in Polystyrene Thermometer Stirring Bottle of Balance Distilled
your responses where appropriate. For calculations, clearly show the method used and the steps involved in arriving Cup Rod Urea Water
at your answers. You must show your work to receive credit for your answer. Pay attention to significant figures.
‘o (e) The equipment shown above is provided so that the student can determine the value of the molar heat of
I solution for urea. Knowing that the specific heat of the solution is 4.18 J/(g-°C), list the specific
H—N—C—N—H measurements that are required to be made during the experiment.
H H

§° (J/(mol -K))

1. The compound urea, H,NCONH,, is widely used in chemical fertilizers. The complete Lewis electron-dot H,NCONH,(s) 104.6
diagram for the urea molecule is shown above.

H,NCONH,(aq) ?

(a) Identify the hybridization of the valence orbitals of the carbon atom in the urea molecule.

(b) Urea has a high solubility in water, due in part to its ability to form hydrogen bonds. A urea molecule and (f) The entropy change for the dissolution of urea, A, , is 70.1 J/(mol-K) at 25°C. Using the information in

four water molecules are represented in the box below. Draw ONE dashed line (----) to indicate a possible the table above, calculate the absolute molar entropy, S°, of aqueous urea.
location of a hydrogen bond between a water molecule and the urea molecule.
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H,NCONH,(s) & H,NCONH,(aq)

(g) Using particle-level reasoning, explain why AS?, is positive for the dissolution of urea in water.

(h) The student claims that AS® for the process contributes to the thermodynamic favorability of the dissolution
of urea at 25°C. Use the thermodynamic information above to support the student’s claim.

The dissolution of urea is represented by the equation above. A student determines that 5.39 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.




