AP® CHEMISTRY
2011 SCORING GUIDELINES (Form B)

Question 2
(9 points)

An 8.55 mol sample of methanol, CH;O0H, is placed in a 15.0 L evacuated rigid tank and heated to 327°C.

At that temperature, all of the methanol is vaporized and some of the methanol decomposes to form carbon
monoxide gas and hydrogen gas, as represented in the equation below.

CH;0H(g) & CO(g) +2 Hy(g)

(a) The reaction mixture contains 6.30 mol of CO(g) at equilibrium at 327°C.

(i) Calculate the number of moles of H,(g) in the tank.

2molH,

12.6 mol H, 1 point is earned for the correct number of moles.

(i1) Calculate the number of grams of CH;OH(g) remaining in the tank.

1 mol CH,OH

6.30 mol CO x Tmol CO

= 6.30 mol CH;OH reacted

1 point is earned for the

8.55 mol CHSOHinitial — 6.30 mol CH3OHreacted = 2.25 mol CH3OH correct number of grams.

2.25 mol x

(iii) Calculate the mole fraction of H,(g) in the tank.

12.6 mol H,
2.25 mol CH,0H + 6.30 mol CO + 12.6 mol H, 1 point is earned for the correct setup.
1 point is earned for the correct answer.
= —2112165 = 0.596 P

(iv) Calculate the total pressure, in atm, in the tank at 327°C.

PV=nRT = p="RT

1 point is earned for the correct setup.

L atm
_ (21.15 mol)(0.0821 ol K)(600 K)

15.0L 1 point is earned for the correct answer.

= 69.5 atm
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Question 2 (continued)

(b) Consider the three gases in the tank at 327°C: CH;OH(g), CO(g), and H,(g).

(i) How do the average kinetic energies of the molecules of the gases compare? Explain.

The average kinetic energies are the same because all three gases 1 point is earned for the
are at the same temperature. correct answer and explanation.

(i1)) Which gas has the highest average molecular speed? Explain.

KE = lmvz, so at a given temperature the molecules with the o
2 1 point is earned for the
lowest mass have the highest average speed. Therefore the correct answer and explanation.

molecules in H, gas have the highest average molecular speed.

(c) The tank is cooled to 25°C, which is well below the boiling point of methanol. It is found that small
amounts of H,(g) and CO(g) have dissolved in the liquid CH;OH. Which of the two gases would you
expect to be more soluble in methanol at 25°C? Justify your answer.

The only attractive forces between molecules of H, and CH;OH

would be due to weak London dispersion forces (LDFs). In
contrast, the LDFs are stronger between CO molecules and

CH;OH molecules because CO has more electrons than H,. In o
1 point is earned for the

addition CO is slightly polar; thus intermolecular dipole-dipole correct answer and justification.

attractions can form between CO molecules and CH;OH

molecules. With stronger intermolecular interactions between
molecules of CO and CH;0H, CO would be expected to be

more soluble in CH;OH than H,.
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2. An 8.55 mol sample of methanol, CH;OH, is placed in a 15.0 L evacuated rigid tank and heated to 327°C. Q‘A 1

At that temperature, all of the methanol is vaporized and some of the methanol decomposes to form carbon
monoxide gas and hydrogen gas, as represented in the equation below.

CH;0H(g) 2 CO(g) +2 Hy(g)

(a) The reaction mixture contains 6.30 mol of CO(g) at equilibrium at 327°C.
(i) Calculate the number of moles of H,(g) in the tank.
(if) Calculate the number of grams of ICH30H(g) rcmaining in the tank.
(iii) Calculate the mole fraction of H,(g) in the tank.
(iv) Calculate the total pressure, in atm, in the tank at 327°C.

(b) Consider the three gases in the tank at 327°C: CH,;OH(g), CO(g), and H,(g).

(i) How do the average kinetic energies of the molecules of the gases compare? Explain.

(ii) Which gas has the highest average molecular speed? Explain.

(c) The tank is cooled to :’ZS"C, which is well below the boiling point of methanol. It is found that small amounts
of H,(g) and CO(g) have dissolved in the liquid CH3;0H. Which of the two gases would you expect to be

more soluble in methanol at 25°C ? Justify your answer.
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2. An 8.55 mol sample of methanol, CH,0H, is | it0 327°C. & 6 1
At that temperature, all of the methanol is vapo ~ prm carbon '
monoxide gas and hydrogen gas, as represented '

CH;0H(g) & COftg) + 2 H,(g)
R #

(a) The reaction mixture contains 6.30 mol of CO(g) at equilibrium at 327°C.
(i) Calculate the number of moles of H,(g) in the tank.
(ii) Caqulaté .the num.ber of grams of CH3OH(g) remaining in the tank.
(if) Caleulate the mole fraction of Hy(g) in the tank.
(iv) Calculate the total pressure, in atm, in the tank at 327°C,
{b) Consider the three gases in the tank at 327°C: CH3OH(g), CO(g), and Hy(g).

(i) How do the averagé kinetic energies of the molecules of the gases compare? Explain.

(ii) Which gas has the highest average molecular speed? Explain.

(c) The tank is cooled to 25°C, which is well below the boiling point of methanol. It is found that small amounts
of Hy(g) and CO(g) have dissolved in the liquid CH;OH. Which of the two gases would you expect to be

more soluble in methanol at 25°C ? Justify your answer. =
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2. An 8.55 mol sample of methanol, CH,OH, is placed in a 15
At that temperature, all of the methanol is vaporized and son
monoxide gas and hydrogen gas, as represented in the equat

AL 4

CH,;0H(g) 2 CO(g) +2 Hy(g)

(a) The reaction mixture contains 6.30 mol of CO(g) at equilibrium at 327°C.
(i) Calculate the number of moles of H,(g) in the tank.
(ii) Calculate the number of grams of CH,;OH(g) remaining in the tank.
(iii) Calculate the mole fraction of H,(g) in the tank.
(iv) Calculate the total prés‘sure, in atm, in the tank at 327°C.

(b) Consider the three gases in the tank at 327°C: CH3QH(g) » CO(g), and Hy(g).

(i) How do the average kinetic energies of the molecules of the gases compare? Explain.

(ii) Which gas has the highest average molecular speed? Explain.

(c) The tank is cooled to 25°C, which is well below the boiling point of methanol. It is found that small amounts
of H,(g) and CO(g) have dissolved in the liquid CH,OH. Which of the two gases would you expect to be

more soluble in methanol at 25°C ? Justify your answer.
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(B) 6.30 mol of CO Bt 32°C

(i) e votio of produced Co @and Hz s 4 +o 2.

Thusg, if +here Bre 6.20 mol of CO o equilibrium, -rere

mus+ be 2x 6.30 mol of Ha . 12.60 Mol

(i) All the cavbon in the pwduct Comes Hom CHzoH,

This means £ 4nere are 6.20 Mol OF CO, 6.20 mo\ of-

CH»0H were Consuvmed,

CH0H = CO% 2Ha:
- INHg\ . 8.55 mdl BXr i b
cChange  ~6.30mol  +6.30mwol - +H2.60mal

EQuilibrium  2.26ma  +G30mol +2.eomal

mass o€ CHyoH ‘perimate 2 (K412416) I/ ma =. 329 /vl

S Blg/mol X 2.25rm| = 2 9

:.2g

numbery o€ moles o Ha

GO ON TO THE NEXT PAGE..
-1 0-|

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



YN

ADDITIONAL PAGE FOR ANSWERING QUESTION 2

1 2. 60mo) - ‘ -
= (235+1260+6.30yma = ©- 5436 *.0.5086

(iv) 048l viumber oF maes (n) = 2015 ol

NVowume = 15.0L

A = 0. 0g2—2L
T= (2B+227)K = 600K
PV=nAT o -
D 2|.|5m01x;~o\‘0::'%¥ XE00K, =, 69.3128rm

/. 69,212 atm

(D) () Al three gases pre at +the same +emperdture, 227°C.
In +his case, 4 comparing the. mass of these three gBdses,
we C8n Bko omplre +hé wiretric evergies of te moecules,
The bheavier +hee molecule, +he smdlier i+s kinetic enevgy.
The lignter +he wmdecules, te Yrester +S kinetic erergy.
CHyOH : 129

Ha * 12.60mA X 28fma= 25.2.9

*. H2D CHaoH Yo

Gy . Chon + CO * Ha
T 2g 649  25.29

= obf . 7 * )

180 : 26up i | D the v8¥o 0f. duernge wmolerular Speed

(the \orger +he vumber, +he slower it (s)
2. Ha |

©) P t disoiv in__poldr SoluHioNs.,
Since. CHy0H , me+honol, '8 8 pPorr souton, +he poer one Of +he

WO Qases wil be mMore solubie in wernanol.

:(::::Cfﬁ vé H-H N ;. CO

GO ON TO THE NEXT PAGE.
-11-

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



AP® CHEMISTRY
2011 SCORING COMMENTARY (Form B)

Question 2

Sample: 2A
Score: 9

This response earned all 9 possible points. Part (a) earned 6 points: 1 point in part (a)(i) for determining the
correct number of moles of Hy(g), 1 point in part (a)(ii) for correctly determining the grams of CH;OH(g)

remaining in the tank, 2 points in part (a)(iii) for the correct mole fraction, and 2 points in part (a)(iv) for
correctly using all the moles of gas in the tank in the Ideal Gas Law to calculate the final pressure. Part (b)
earned 3 points: 1 point in part (b)(i) for appropriately connecting the average kinetic energy of the particles
to the temperature, 1 point in part (b)(ii) for discussing of the inverse relationship between a particle’s mass
and its speed, and 1 point in part (b)(iii) for discussing the types of intermolecular interactions that could
occur between the solvent (CH,OH) and each of the solutes (CO and H,).

Sample: 2B
Score: 7

Part (a)(iv) earned 1 point for correctly calculating the pressure using the Ideal Gas Law (where n represents
the moles of gas in the tank) but did not earn the point because of the incorrect calculation of the final
pressure. Part (b)(iii) did not earn the point as the response merely paraphrases the adage that like dissolves
Iike; although sometimes an appropriate rule-of-thumb, this is neither a justification nor an explanation.

Sample: 2C
Score: b

Part (a)(iv) earned the setup point, but by expressing the answer with five significant digits the response did
not earn the point. Part (b)(i) did not earn the point because the response incorrectly connects the mass of a
gaseous particle to its kinetic energy. Part (b)(ii) did not earn the point, even though the answer is correct
(H,), because the explanation suggests that the ordering of the speed of gaseous molecules is inversely

proportional to the amount of that material in the sample. Part (b)(iii) did not earn the point because the
paraphrase of like dissolves like is not an acceptable justification.
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