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AP® Chemistry 2023 Scoring Guidelines

Question 5: Short Answer 4 points

(a) (i) For the correct calculated value: 1 point

PV (7.45atm)(6.00 L)

n=-—= =1.84 mol
RT (0.08206%)(296 K)

(ii) For the correct calculated value: 1 point

Accept one of the following:

A_5H

L T

_ (B)XT,)  (7.45 atm)(271 K)
L 296 K

1.84 mol)(0.08206Latmy 271 K
nRT _ ( X mol-k ) ) _ 6.82 atm

4 6.00 L

P, = 6.82 atm

e P=

Total for part (a) 2 points

(b) For a correct drawing;: 1 point

The drawing should show three water molecules with a hydrogen atom (dark circle)

oriented towards the Cl™ ion.

Q.@.cs
¢

(¢) For the correct answer and a valid justification: 1 point

HNO, . The diagram shows most of the molecules in their un-ionized form, indicating a

weak acid with a K, value less than 1, which is consistent with HNO, .

Total for question5 4 points
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Sample 5A 1 of 2

Question.5

Boginyourmpomtoﬁl.l!!ﬁt)ﬂﬁmmhp@.
5. HCl is a molecular gas as a pure substance but acts as an acid in aqueous solution.

(a) A sample of HCI(g) is stored in a rigid 6.00 L container at 7.45 atm and 296 K.
(i) Calculate the number of moles of HCI(g) in the container.

N=wiT
f,!——:: = (745-9\4"’”3@"9“'3

1 é 092 EEN) (244147

(ii) The rigid 6.00 L container of HCI(g) is cooled to a temperature of 271 K. Calculate the new pressure,

= 1‘5'4 v

inam.oftheHCI(g).,Pl pL
R
|4 . ) |
L op - (7454 b 5
T et )(2:7[!0 A

(b) When HCI ionizes in aqueous solution, Cl1™(aq) ions are formed. In the following box, draw three water
molecules with proper orientation around the CI™ iun.Ulerwr:p(mtmmolmba.
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Sample 5A 2 of 2

& Question 5

conﬂnuoyourrooponntow!mrlsonmhpago.

A

-

Acid (HA)|Anion (A7) | K, Value
HNO, | NO,” | 56x107*

HCl ar 2.0 x 10/
HClIO, | €0~ | 1.6x10"

The K, values for three acids are shown in the preceding table. -

(c) The following particulate diagram represents the ionization of one of the acids in the data table. Water
molecules have been omitted for clarity. Which acid (HNO,, HCI, or HCIOy) is represented in the diagram?
Justify your answer using the information in the table.
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Question &

- Sample 5B 1 0f2

. |

Bogln'your response to QUESTION 5 on this page.
5. HCl is a molecular gas as a pure substance but acts as an acid in aqueous solution.
(a) A sample of HCI(g) is stored in a rigid 6.00 L container at 7.45 atm and 296 K.

(i) Calculate the number of moles of HCI(g) in the container.
PUnRT = n‘%

1 MSatm x 6.OOL
n= —C " T )L FH mel
0.05U 555 x 29%

(ii) The rigid 6.00 L container of HCI(g) is cooled to a temperature of 271 K. Calculate the new pressure,
in atm, of the HCI(g).

171 % _
—— (145 0w) = 652 ot

(b) When HCl ionizes in aqueous solution, CI™(ag) ions are formed. In the following box, draw three water
molecules with proper orientation around the C1~ im.Uudwmwmmlmm.
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Sample 5B 2 of 2

Question 5

Gmﬂnmywrmmemmimmhpigo.

Acid (HA) | Anion (A")| K, Value

HNO, | NO,” | 56x107*

HCl cr 20x% 107

HCIO, | €O~ | 1.6x10°|

'

The K, values for three acids are shown in the preceding table.

(c) The following particulate diagram represents the ionization of one of the acids in the data table. Water
molecules have been omitted for clarity. Which acid (HNO,, HCI, or HCIO,) is represented in the diagram?
Justify your answer using the information in the table.

The G6id 15 HNOp « The particdats diogran shews
much moe HA (acid) than Ha0% or A7 (cen)upat-
basc), Towivg Bt Hu ool doesntt dissocloct
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Sample 5C 1 of 2

Question 5

Boqlnyourmporﬁetnﬁﬂi&ﬂbﬂsmmhma.
5. HCI is a molecular gas as a pure substance but acts as an acid in aqueous solution.

(a) A sample of HCI(g) is stored in a rigid 6.00 L container at 7.45 atm and 296 K.
(i) Calculate the number of moles of HCI(g) in the container.

4%k . 6.00K = n - (oglosss - TAK)

N=13Y mel HC)

(ii) The rigid 6.00 L container of HCI(g) is cooled to a temperature of 271 K. Calculate the new pressure,
in atm, of the HCI(g).

P 00K = \ Mg - 0820655 . 771K
b= Unaim

(b) When HCIl ionizes in aqueous solution, C1™(aq) ions are formed. In the following box, draw three water
mnlmuluwithmmimuﬁmummdthecrim,Uu&mmtmmohcm.
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Sample 5C 2 of 2

® Question 5
Continue your response to QUESTION 5 on this page.
Acid (HA) | Anion (A7) | K, Value
HNO, | NO,” | 56x107*
HCI cr- 2.0 x 10’
HClo, | €0~ | 1.6x10"

The K, values for three acids are shown in the preceding table.

(c) The following particulate diagram represents the ionization of one of the acids in the data table. Water
molecules have been omitted for clarity. Which acid (HNO,, HCl, or HCIOy) is represented in the diagram?
Justify your answer using the information in the table.
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AP® Chemistry 2023 Scoring Commentary

Question 5
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

Question 5 presented students with gas laws involving HCI gas, as well as representations of
acid solutions.

Part (a) involved using the ideal gas law for a sample of HCI(g). In part (a)(i) the number of moles of
gas was calculated given the pressure, volume, and temperature. Part (a)(ii) utilized the calculated
moles of gas from (a)(i) to calculate a new pressure at a lower given temperature (Learning Objective
SAP-7.A, Skill 5.F from the AP Chemistry Course and Exam Description).

In part (b) the students were asked to draw three water molecules around a given chloride ion with
correct ion-dipole orientation (SPQ-3.B, 3.C).

Part (c) asked the students to select which acid is represented by a particle diagram, given three
to choose from. The justification for the choice of acid is based on a table of given K, values
(SAP-9.F,6.C).

Sample: 5A
Score: 4

This response earned 4 points. In part (a)(i) the point was earned for correctly calculating the number
of moles of HCI(g). In part (a)(ii) the point was earned for correctly calculating the new pressure of
HCI(g). In part (b) the point was earned for drawing three water molecules with hydrogen atoms
oriented toward the Cl™ ion. In part (c) the point was earned for selecting HNO. as the acid in the
diagram and including a valid justification.

Sample: 5B
Score: 3

This response earned 3 points. In part (a)(i) the point was earned for correctly calculating the number
of moles of HCI (g). In part (a)(ii) the point was earned for correctly calculating the new pressure of
HCI(g). In part (b) no point was earned because the drawing shows three water molecules oriented
with the oxygen atom near the Cl™ ion. In part (c) the point was earned for selecting HNO;, as the acid
in the diagram and stating that the diagram represents a weak acid dissociation with a K, less than
one.

Sample: 5C
Score: 2

This response earned 2 points. In part (a)(i) the point was earned for correctly calculating the number
of moles of HCI(g). In part (a)(ii) the point was not earned because the new pressure of HCI(g) is
calculated incorrectly. In part (b) the point was earned for drawing three water molecules with
hydrogen atoms oriented toward the Cl™ ion. In part (c) the point was not earned because the
justification is incorrect.
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