AP® CHEMISTRY
2012 SCORING GUIDELINES

Question 2
(10 points)

A sample of a pure, gaseous hydrocarbon is introduced into a previously evacuated rigid 1.00 L vessel. The
pressure of the gas is 0.200 atm at a temperature of 127°C.

(a) Calculate the number of moles of the hydrocarbon in the vessel.

PV _ (0.200 atm)(1.00 L)
RT  (0.0821 L atm mol ™' K~ ')(400. K)

1 point is earned for the setup.

n=6.09x 1073 mol 1 point is earned for the numerical answer.

(b) O,(g) is introduced into the same vessel containing the hydrocarbon. After the addition of the O,(g), the
total pressure of the gas mixture in the vessel is 1.40 atm at 127°C. Calculate the partial pressure of O,(g) in
the vessel.

PO2 =1.40 atm — 0.200 atm = 1.20 atm 1 point is earned for the correct pressure.

The mixture of the hydrocarbon and oxygen is sparked so that a complete combustion reaction occurs, producing
CO,(g) and H,O(g). The partial pressures of these gases at 127°C are 0.600 atm for CO,(g) and 0.800 atm for

H,0(g). There is O,(g) remaining in the container after the reaction is complete.

(c) Use the partial pressures of CO,(g) and H,O(g) to calculate the partial pressure of the O,(g) consumed in
the combustion.

...CH, + ...0, > ...CO, +...H0

before rxn: 0.200 atm  1.20 atm - -
after rxn: 0 atm ?atm  0.600 atm 0.800 atm
1 atm O, j B
0.600 atm CO, (1 atm CO, ) 0.600 atm O,
1 atm O, o
0.800 atm H,O am .0) 0.400 atm O, Total O, consumed = 1.000 atm 1 point is earned
atm Hy for the correct
OR, based on PV = nRT and mole calculations: stoichiometry in
O, consumption.
PV (0.800 atm)(1.00 L) 1 mol O,
n === = 0.0244 mol H,O x —=—
H2O 7 RT  (0.0821 L atm mol ™" K1)(400. K) >7 7 2mol H,0
1 point is earned
= 0.0122 mol O, for the calculated
1 mol result.
neo, = PV _ (0.600 atm)(ll.OOIL) — 0.0183 mol CO, x mol O,
2 RT  (0.0821 L atm mol™" K™)(400. K) 1 mol CO,

=0.0183 mol O,

nRT _ (0.0305 mol)(0.0821 L atm mol™' K™")(400. K)
72 1.00 L

P=1.00 atm O,

Total moles O, = 0.0305; P =
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AP® CHEMISTRY
2012 SCORING GUIDELINES

Question 2 (continued)

(d) On the basis of your answers above, write the balanced chemical equation for the combustion reaction and

determine the formula of the hydrocarbon.

The partial pressures occur in the same proportions as the number of moles.
Phydrocarbon : POZ : PCOZ : PH20

0.200 atm : 1.00 atm : 0.600 atm : 0.800 atm

=1 : 5 : 3 : 4
C,Hy + 50, > 3CO, + 4H,0
OR
PV (0.800 atm)(1.00 L) 2 mol H
N il A = 0.0244 mol H,0 x —= 222
1O T RT — (0.0821 L atm mol ™" K™1)(400. K) >7 7 1mol H,0
= 0.0487 mol H
PV (0.600 atm)(1.00 L) 1 mol C
n = = = 0.0183 mol CO, X ——————
€02 ™ RT ™ (0.0821 L atm mol~' K1)(400. K) " 1 mol CO,
= 0.0183 mol C
0.0487 mol H _ (2.66 molH)(é) _8molH . CH
0.0183 mol C ImolC J\3/  3molC 38

C;Hg + 50, > 3CO, + 4H,0

1 point is earned for
the formula of the
hydrocarbon.

1 point is earned for
a balanced equation
with the correct
proportions among
reactants and
products.

(e) Calculate the mass of the hydrocarbon that was combusted.

mass = (number of moles)(molar mass)

1 point is earned for using the number
of moles combusted from part (a).

= (6.09 x 107> mol)(44.1 g/mol) = 0.269 g 1 point is earned for the calculated mass.

(f) As the vessel cools to room temperature, droplets of liquid water form on the inside walls of the container.
Predict whether the pH of the water in the vessel is less than 7, equal to 7, or greater than 7. Explain your

prediction.

The pH will be less than 7 because CO, is soluble

in water, with which it reacts to form H" ions.

1 point is earned for the correct choice and explanation.
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2. A sample of a pure, gaseous hydrocarbon is introduced into a previously evacuated rigid 1.00 L vessel. The
pressure of the gas is 0.200 atm at a temperature of 127°C. '

(a) Calculate the number of moles of the hydrocarbon in the vessel.

(b) Oy(g) is introduced into the same vessel containing the hydrocarbon. After the addition of the O,(g), the

total pressure of the gas mixture in the vessel is 1.40 atm at 127°C. Calculate the partial pressure of O,(g) in
the vessel. '

The mixture of the hydrocarbon and oxygen is sparked so that a complete combustion reaction occurs, producing
CO,(g) and H,0(g). The partial pressures of these gases at 127°C are 0.600 atm for CO,(g) and 0.800 atm for
Hy0(g). There is O,(g) remaining in the container after the reaction is complete.

(c) Use the partial pressures of CO,(g) and H,0(g) to calculate the partial pressure of the O,(g) consumed in
the combustion.

(d) On the basis of your answers above, write the balanced chemical equation for the combustion reaction and
determine the formula of the hydrocarbon.

(e) Calculate the mass of the hydrocarbon that was combusted.
(f) As the vessel cools to room temperature, droplets of liquid water form on the inside walls of the container.

Predict whether the pH of the water in the vessel is less than 7, equal to 7, or greater than 7. Explain your
prediction. '

) Pv=r KT

(020 am (1) = n (0.0720L 25 (4eo a“k)

= 0.00609 m)

\3) P02+ E}..,dmcv‘l.aﬂ - ?T‘h,

P+ 020am= | toarm

P(:}, = l\qo Q+M

() For Lvery  mol of (02 'g"“’i““a‘{, ot of 925 Gaured

For vy mol of H7 e !-)rbdur.ﬁd. \/;l"’\cl 01 o Coniumed

1 =
Tkl'u; P;:- asamed — p“’z protued ¥ 2 ﬁ*:‘ﬁ pelacd (Siaw n~ P)

FOL consumtd = 0.6 ¥ ’%(0.3)

Pb; Ct..,\;ul"%d = ]'QOQJ‘M

Unauthorzed copying o e A2 GO ON TO THE NEXT PAGE.
any part of this page is illegal.

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



. o

SR
93

~ ADDITIONAL PAGE FOR ANSWERING QU'E'STION 2

d) OD Hw&m(vhq-}-ﬁo — 0. b (02 + O 8% H o

| thdrcrhn £°%0, — 2 Cop + 4 M, 0

The {wo(mulc\ for The 'hxfdrb Carkspy 1> (.-e.. H?

The baloned ceaction s GHpd 0.6 3C0cg + 1H0¢)

e) 0.00601 m1 Gr, /21y \ = (O t%%ﬂ
4

Imed Gy

§) The p 1 Wl be less than 7, vaa Oy cqgy i3 peesent

TR (hamper, (07 veacds with wates Py the equa hen

(-_Oz W + H,ocey <> W, 03 caqy

e The H,00; &5 eudc and disezrates to 9o

H, (03 ag<? H g + H0; cagy
¥ Ly
WS maluag bhe wabey dccdic

GO ON TO THE NEXT PAGE.
-13-

© 2012 The College Board.
Visit the College Board on the Web: www.collegeboard.org.



2. A sample of a pure, gaseous hydrocarbon is introduced in;o a previously evacuated rigid 1.00 L vessel. The [
pressure of the gas is 0.200 atm at a temperature of 127°C.

(a) Calculate the number of moles of the hydrocarbon in the vessel. | ?

(b) O,(g) is introduced into the same vessel containing the hydrocarbon. After the addition of the O,(g), the
total pressure of the gas mixture in the vessel is 1.40 atm at 127°C. Calculate the partial pressure of Oz(g) in
the vessel. . .

The mixture of the hydrocarbon and oxygen is sparked so that a complete combustion reaction occurs, producing
CO,(g) and H,0(g). The partial pressures of these gases at 127°C are 0.600 atm for CO,(g) and 0.800 atm for
H,0(g). There is O,(g) remaining in the container after the reaction is complete.

(c) Use the partial pressures of COz(g) and H,0(g) to calculate the partial pressure of the O,(g) consumed in
the combustion.

(d) On the basis of your answers above, write the balanced chemical equation for the combustion reaction and
determine the formula of the hydrocarbon.

(e) Calculate the mass of the hydrocarbon that was combusted.
(f) As the vessel cools to room temperature, droplets of liquid water form on the inside walls of the container.

Predict whether the pH of the water in the vessel is less than 7, equal to 7, or greater than 7. Explain your
prediction.
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2. A sample of a pure, gaseous hydrocarbon is introduced into a prewously evacuated rigid 1.00 L vessel. The
pressure of the gas is 0.200 atm at a temperature of 127°C.

(a) Calculate the number of moles of the hydrocarbon in the vessel.

(b) O,(g) is introduced into the same vessel containing the hydrocarbon. After the addition of the Oy(g), the
total pressure of the gas mixture in the vessel is 1.40 atm at 127°C. Calculate the partial pressure of O,(g) in
the vessel.

The mixture of the hydrocarbon and oxygen is sparked so that a complete combustion reaction occurs, producing
CO,(g) and H,0(g). The partial pressures of these gases at 127°C are 0.600 atm for CO,(g) and 0.800 atm for
H,0(g). There is O,(g) remaining in the container after the reaction is complete.

(c) Use the partial pressures of CO,(g) and H,0(g) to calculate the partial pressure of the O,(g) consumed in
the combustion.

(d) On the basis of your answers above write the balanced chemical equation for the combustion reaction and
determine the formula of the hydrocarbon.

(e) Calculate the mass of the hydrocarbon that was combusted.
(f) As the vessel cools to room temperature, droplets of liquid water form on the inside walls of the container.

Predict whether the pH of the water in the vessel is less than 7, equal to 7, or greater than 7. Explain your
prediction.
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AP® CHEMISTRY
2012 SCORING COMMENTARY

Question 2
Overview

This question assessed students’ understanding of and ability to solve problems and explain concepts that
pertain to the reaction of gaseous reactants and products. Parts of the question required calculation.
Students were presented with a known pressure of an unknown gaseous hydrocarbon in a rigid vessel at a
constant temperature. Part (a) required the students to calculate the number of moles of the unknown
gaseous hydrocarbon. Part (b) required students to determine the partial pressure of oxygen gas given the
total pressure after the addition of some oxygen gas to the vessel. Part (c) required students to calculate
the partial pressure of the oxygen gas that reacted in the hydrocarbon combustion reaction given the
partial pressures of the CO, gas and H,O gas that formed. Part (d) required the students to write the

balanced equation based on the partial pressures both given and calculated and determine the formula of

the hydrocarbon. Part (e) required the students to calculate the mass of the hydrocarbon that reacted and

part (f) required the students to predict the pH in the reaction vessel after it had cooled and drops of liquid
water formed on the inside of the container.

Sample: 2A
Score: 10

The response earned 2 points in part (a) for the calculated number of moles of the hydrocarbon (1 point for
the setup, and 1 point for the correct calculated value). In part (b) the response earned 1 point for the
correct calculated partial pressure of oxygen gas in the reaction vessel. In part (c) the response earned 2
points for the partial pressure of the reacted oxygen gas. The first of the 2 points was earned for
recognizing that one can use the stoichiometric ratio of moles of oxygen gas to moles of H,O or moles of

oxygen gas to moles of CO, to determine the corresponding partial pressure of the oxygen gas reacted. The

second point was earned for the correct final answer. In part (d) the response earned 1 point for the correct
balanced chemical equation from ratios of partial pressures and 1 point for the correct formula of the
hydrocarbon. In part (e) 1 point was earned for using the number of moles of the hydrocarbon from part (a)
and 1 point was earned for correctly calculating the number of grams of hydrocarbon that reacted using
the correct molar mass of the hydrocarbon. In part (f) the response earned 1 point for correctly predicting
that the pH is less than 7 with an acceptable argument.

Sample: 2B
Score: 8

The response earned 1 point in part (e) for using the number of moles of the hydrocarbon from part (a), but
a calculation error resulted in the second point not being earned. Part (f) did not earn the point because the
student incorrectly predicts that the pH is equal to 7 in the vessel after cooling. The response earned all
other available points.

Sample: 2C
Score: 6

The response did not earn points in part (c¢). In part (d) 1 point was earned for correctly balancing a
combustion reaction with an incorrect hydrocarbon formula. Part (e) earned 2 points: 1 point for using the
number of moles of hydrocarbon reacted from part (a), and another point for using the molar mass of the
species given in the answer to part (d) and getting a consistent answer. The response in part (f) did not
earn the point because of an incorrect prediction of the pH of the reaction vessel after cooling. The
response earned all other available points.
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