AP® CHEMISTRY
2009 SCORING GUIDELINES

Question 2 (10 points)

A student was assigned the task of determining the molar mass of an unknown gas. The student measured the
mass of a sealed 843 mL rigid flask that contained dry air. The student then flushed the flask with the unknown
gas, resealed it, and measured the mass again. Both the air and the unknown gas were at 23.0°C and 750. torr. The
data for the experiment are shown in the table below.

Volume of sealed flask | 843 mL
Mass of sealed flask and dry air | 157.70 g

Mass of sealed flask and unknown gas | 158.08 g

(a) Calculate the mass, in grams, of the dry air that was in the sealed flask. (The density of dry air is
1.18 g L1 at 23.0°C and 750. torr.)

One point is earned for the correct

- - -1 _
m=DxV = (LI18gL7)0843L) = 0.995 ¢ setup and calculation of mass.

(b) Calculate the mass, in grams, of the sealed flask itself (i.e., if it had no air in it).

One point is earned for subtracting

157.70g-0.995¢g = 156.71 ¢ the answer in part (a) from 157.70 g.

(c) Calculate the mass, in grams, of the unknown gas that was added to the sealed flask.

One point is earned for subtracting

158.08 g-156.71 g = 1.37¢g the answer in part (b) from 158.08 g.

(d) Using the information above, calculate the value of the molar mass of the unknown gas.

750.
tm |(0.843 L
PV _ ( 760 © mj( ) — 0.0342 mol One point is earned for the conversion of
~ RT (0.0821 L atm mol™! K™)(296 K) e mo pressure (if necessary) and temperature
and the use of the appropriate R.
1.37 -
molar mass = ——+2 = 40.1 g mol™! One point is earned for the correct
0.0342 mol i
setup and calculation of moles of gas.
OR One point is earned for the correct setup
_ DRT and calculation of molar mass.
molar mass = —5
OR
( 1.37 ¢ )(0.0821 L atm mol~! K™1)(296 K) If calculation is done in a single step,
_ 0.843 L 1 point is earned for the correct
(750- ) P and T, 1 point is earned for the
atm . o
760 correct density, and 1 point is earned
for the correct answer.
= 40.0 g mol™!
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Question 2 (continued)

After the experiment was completed, the instructor informed the student that the unknown gas was carbon dioxide
440¢g mol™).

(e) Calculate the percent error in the value of the molar mass calculated in part (d).

44.0 gmol™" - 40.1gmol ™' One point is earned for the

percent error = 44.0 gmol”? x 100 = 8.9% correct setup and answer.

(f) For each of the following two possible occurrences, indicate whether it by itself could have been
responsible for the error in the student’s experimental result. You need not include any calculations with
your answer. For each of the possible occurrences, justify your answer.

Occurrence 1: The flask was incompletely flushed with CO,(g), resulting in some dry air remaining
in the flask.

This occurrence could have been responsible.

The dry air left in the flask is less dense (or has a lower One point is earned for the correct

molar mass) than CO, gas at the given 7 and P. This reasoning and conclusion.

would result in a lower mass of gas in the flask and a lower
result for the molar mass of the unknown gas.

Occurrence 2: The temperature of the air was 23.0°C, but the temperature of the CO,(g) was lower
than the reported 23.0°C.

This occurrence could not have been responsible.

The density of CO, is greater at the lower temperature. A
larger mass of CO, would be in the flask than if the CO,
had been at 23.0°C, resulting in a higher calculated molar

One point is earned for the correct
reasoning and conclusion.

mass for the unknown gas.

(g) Describe the steps of a laboratory method that the student could use to verify that the volume of the rigid
flask is 843 mL at 23.0°C. You need not include any calculations with your answer.

Valid methods include the following:

1. Find the mass of the empty flask. Fill the flask with a liquid of
known density (e.g., water at 23°C), and measure the mass of the
liquid-filled flask. Subtract to find the mass of the liquid. Using the One point is earned
known density and mass, calculate the volume. for a valid method.

2. Measure 843 mL of a liquid (e.g., water) in a 1,000 mL graduated
cylinder and transfer the liquid quantitatively into the flask to see if
the water fills the flask completely.
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Question 2 (continued)

Note: Significant figures were checked in this problem: parts (a) and (d) were scored with +1 significant figure
needed, and parts (b) and (¢) were scored with the correct number of significant figures needed for the subtraction.
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2. A student was assigned the task of determining the molar mass of an unknown gas. The student measured the
mass of a sealed 843 mL rigid flask that contained dry air. The student then flushed the flask with the unknown
gas, resealed it, and measured the mass again. Both the air and the unknown gas were at 23.0°C and 750. torr.
The data for the experiment are shown in the table below.

Volume of sealed flask | 843 mL
Mass of sealed flask and dry air | 157.70 g
Mass of sealed flask and unknown gas | 158.08 g

(a) Calculate the mass, in grams, of the dry air that was in the sealed flask. (The density of dry airis 1.18 g L™
at 23.0°C and 750. torr.)

(b) Calculate the mass, in grams, of the sealed flask itself (i.e., if it had no air in it).
(c) Calculate the mass, in grams, of the unknown gas that was added to the sealed flask.

(d) Using the information above, calculate the value of the molar mass of the unknown gas.

After the experiment was completed, the instructor informed the student that the unknown gas was carbon
dioxide (44.0 g mol ™).

(e) Calculate the percent error in the value of the molar mass calculated in part (d).

(f) For each of the following two possible occurrences, indicate whether it by itself could have been responsible
for the error in the student’s experimental result. You need not include any calculations with your answer.
For each of the possible occurrences, justify your answer.

Occurrence 1: The flask was incompletely flushed with CO,(g), resulting in some dry air remaining

in the flask.
Occurrence 2: The temperature of the air was 23.0°C, but the temperature of the CO,(g) was lower than
the reported 23.0°C.

(g) Describe the steps of a laboratory method that the student could use to verify that the volume of the rigid
flask is 843 mL at 23.0°C. You need not include any calculations with your answer.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2
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2. A student was assigned the task of determining the molar mass of an unknown gas. The student measured the
mass of a sealed 843 mL rigid flask that contained dry air. The student then flushed the flask with the unknown
gas, resealed it, and measured the mass again. Both the air and the unknown gas were at 23.0°C and 750. torr.
The data for the experiment are shown in the table below.

Volume of sealed flask | 843 mL
Mass of sealed flask and dry air | 157.70 g
Mass of sealed flask and unknown gas | 158.08 g

(a) Calculate the mass, in grams, of the dry air that was in the sealed flask. (The density of dry airis 1.18 g I
at 23.0°C and 750. torr.)

(b) Calculate the mass, in grams, of the sealed flask itself (i.e., if it had no air in it).
(¢) Calculate the mass, in grams, of the unknown gas that was added to the sealed flask.

(d) Using the information above, calculate the value of the molar mass of the unknown gas.
After the experiment was completed, the instructor informed the student that the unknown gas was carbon
dioxide (44.0 g mol ™).

(¢) Calculate the percent error in the value of the molar mass calculated in part (d).

(f) For each of the following two possible occurrences, indicate whether it by itself could have been responsible
for the error in the student’s experimental result. You need not include any calculations with your answer.
For each of the possible occurrences, justify your answer.

Occurrence 1: The flask was incompletely flushed with CO,(g), resulting in some dry air remaining
in the flask.

Occurrence 2: The temperature of the air was 23.0°C, but the temperature of the CO,(g) was lower than
the reported 23.0°C.

(g) Describe the steps of a laboratory method that the student could use to verify that the volume of the rigid
flask is 843 mL at 23.0°C. You need not include any calculations with your answer.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2
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2. A student was assigned the task of determining the molar mass of an unknown gas. The student measured the
mass of a sealed 843 mL rigid flask that contained dry air. The student then flushed the flask with the unknown
gas, resealed it, and measured the mass again. Both the air and the unknown gas were at 23.0°C and 750. torr.
The data for the experiment are shown in the table below.

Volume of sealed flask | 843 mL
Mass of sealed flask and dry air | 157.70 g
Mass of sealed flask and unknown gas | 158.08 g

(a) Calculate the mass, in grams, of the dry air that was in the sealed flask. (The density of dry airis 1.18 g L
at 23.0°C and 750. torr.)

(b) Calculate the mass, in grams, of the sealed flask itself (i.e., if it had no air in it).
(¢c) Calculate the mass, in grams, of the unknown gas that was added to the sealed flask.

(d) Using the information above, calculate the value of the molar mass of the unknown gas.

After the experiment was completed, the instructor informed the student that the unknown gas was carbon
dioxide (44.0 g mol™).

(e) Calculate the percent error in the value of the molar mass calculated in part (d).

(f) For each of the following two possible occurrences, indicate whether it by itself could have been responsibli
for the error in the student’s experimental result. You need not include any calculations with your answer.
For each of the possible occurrences, justify your answer.

Occurrence 1: The flask was incompletely flushed with CO,(g), resulting in some dry air remaining
in the flask.

Occurrence 2: The temperature of the air was 23.0°C, but the temperature of the CO,(g) was lower than
the reported 23.0°C.

(g) Describe the steps of a laboratory method that the student could use to verify that the volume of the rigid
flask is 843 mL at 23.0°C. You need not include any calculations with your answer.
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AP® CHEMISTRY
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Question 2
Overview

This question assessed students’ knowledge and skills related to determining the molar mass of an unknown gas,
which is one of the laboratory experiments recommended in the AP Chemistry Course Description. In parts (a)
through (c) students were asked to analyze data by calculating the mass of the dry air in the flask at the beginning
of the experiment, the mass of the flask itself, and the mass of the unknown gas. In part (d) they were expected to
recognize that the conditions of the experiment were not standard and therefore a conversion of temperature to
Kelvin and possibly pressure to match the R was required. Students had to substitute values into an appropriate
equation to solve for moles and then calculate molar mass by dividing grams of unknown gas by the calculated
number of moles. In part (¢) students were asked to calculate the percent error for the experiment based on the
molar mass calculated in part (d) and the given molar mass of CO,. Part (f) involved error analysis: students were

given two different errors and asked to decide if either error could have led to the answer reported in part (d) and
to justify their answers. In part (g) students were asked to describe an appropriate laboratory method to verify the
volume of the sealed flask used in the experiment.

Sample: 2A
Score: 10

This response earned all 10 points: 1 for part (a), 1 for part (b), 1 for part (c), 3 for part (d), 1 for part (e), 2 for
part (f), and 1 for part (g).

Sample: 2B
Score: 8

In part (f) neither of the possible 2 points was earned because for each occurrence, the response gives an incorrect
conclusion and explanation.

Sample: 2C
Score: 5

In part (d) although 1 point was earned for calculating a molar mass by dividing the answer in part (c) by moles,
the other 2 points were not earned because the response ignores the fact that the conditions are nonstandard. In
part (f) neither of the possible 2 points was earned because the response for occurrence 1 gives a correct
conclusion but an incorrect explanation that contradicts the conclusion and the response for occurrence 2 does not
recognize that temperature would make a difference. In part (g) the point was not earned because no measuring
instrument is identified.
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