AP® CHEMISTRY
2006 SCORING GUIDELINES

Question 2
1
CO(g) + 502(8) — CO,(g)

2. The combustion of carbon monoxide is represented by the equation above.

(a) Determine the value of the standard enthalpy change, AH?,, , for the combustion of CO(g) at 298 K

using the following information.

Cls) + %Oz(g) ~ CO(g) AHSps = —110.5 kJ mol™
C(s) + 0,(g) = CO,(g) AHSys = —393.5 kJ mol™!
Reverse the first equation and add it to the second equation to obtain o
. . One point is earned for
the third equation. . . .
reversing the first equation.
CO(g) — 102(g) + C(s) AHSss = +110.5 kJ mol™! One point is earned for the
2 correct answer (with sign).
+ C(s) + O,(g) — CO4(g) AHSs = —393.5kJ mol™!
| OR
CO(g) + 502(8) — COy(9) AHS, = 110.5+(-393.5)
— -283.0 kJ mol~! Two points are earned for

determining AH /), from the

OR
enthalpies of formation.

= AH} of CO,(g) - AH} of CO(g) (If sign is incorrect, only one
point is earned.)

AH

rxn

=-393.5kJ mol™! - (-110.5 kJ mol™") = —283.0 kJ mol™!

(b) Determine the value of the standard entropy change, AS,3,, for the combustion of CO(g) at 298 K using

the information in the following table.

Substance a mOSf_QISK_I)
CO(g) 197.7
CO,(9) 213.7

0,(g) 205.1
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AP® CHEMISTRY

2006 SCORING GUIDELINES

Question 2 (continued)

AS S

rxn

—86.5J mol ' K}

213.7 T mol™' K™! — (197.7 I mol ' K~ + %(205.1 Jmol ' K™)

One point is earned for

taking one-half of Soq
for O,(g).

One point is earned for the
answer (with sign).

[}

(c) Determine the standard free energy change, AG,, ,

your ansSwer.

for the reaction at 298 K. Include units with

AG;, = AH} —TAS;

rxn rxn rxn

—283.0 kJ mol~! — (298 K)(-0.0865 kJ mol~! K1)

AG?° —257.2 kJ mol™!

rxn

One point is earned for substituting
the values from parts (a) and (b)
into the equation.

One point is earned for the answer
(with sign and units).

(d) Is the reaction spontaneous under standard conditions at 298 K ? Justify your answer.

Yes, the reaction is spontaneous because the value

of AG?, for the reaction is negative (—257.2 kJ mol™).

rxn

One point is earned for an answer
with justification (consistent with the
answer in part (c)).

(e) Calculate the value of the equilibrium constant, K, , for the reaction at 298 K.

eq’

[e] AGV?C” —
Aern = —RTIn Keq = W = In Keq
~257,200 Jmol ™! _
—(8.31 T mol ' K™)(298 K) “

One point is earned for correct
substitution into the equation.

mnK = Keq = 128 x 10% One point is earned for the answer.
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Answer EITHER Question 2 below OR Question 3 printed on page 16. Only one of these two questions will be ;2 A |
graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score
weighting for the question you choose is 20 percent.

COE) + 50(8) = COE)

2. The combustion of carbon monoxide is represented by the equation above.

(a) Determine the value of the standard enthalpy change, AH?,, , for the combustion of CO(g) at 298 K using
the following information. '

~110.5 kJ mol™

C) + 704(8) — COQ) A 35

"

Cs) + O(8) = COg) AHS, = —393.5 kJ mol™!

(b) Determine the value of the standard entropy change, AS,, , for the combustion of CO(g) at 298 K using
the information ini the following table.

S o
Substance 298
(J mol 1 K1)
CO(g) 197.7
CO,(g) 213.7
O,(2) 205.1

(c) Determine the standard free energy change, AG?,, for the reaction at 298 K. Include units with
your answer.

(d) Is the reaction spontaneous under standard conditions at 298 K ? Justify your answer.

(e) Calculate the value of the equilibrium constant, Keq , for the reaction at 298 K.

0. Co(9) — ohsT t =0, (9) Mg = 110-5 B

A
t Gt 0, (8) = 0, (9) sli®g = -2393-5 5
cn t0) + nopany —2 L 1) (et Al Q = -102 n kK
vV W7 T Ul\&] 7 V2 VYT ST Uy W 199 o=
-1 -1 °!
1 V2 £ T2
' - o k)
Col) * 50, (9) = U9 (4) Al pyp = 2820 4%,
GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2. a A_ 2

- _ _
Do A8%, = (213-Tiay) “\LUWJWU* 7 (205 | e )
- 213.7 — ( 197.7 r (02.5%)
> 2937 L - 3002555,
JULA I 2
= -86.6 oy
(. &G = a4 - 14¢° |
= -263.0 8 - 29k B9 V[ W )
i moy:A¢/ \ 000 /
= —283.0%_ - -25. 5 ¥
LB | ot
= ~ 157. 2‘“”,!
{. Yes& The rvqcﬁan 16 SpodTUnogué 8T 298 |¢ -

A46° = -)87-18 ;4 DpgdTive humbsr meuhing The
feuufion (& SpopTaheous.
B. 4F= 80° T RTING
AG =0 Of equilibrivm
0= o6G° t RTIhK
aG° = - RTInk
;1811 W = - (832 ) VK (298 K) H)F
Mol S Mol ¥/ o000 Y
-151-2 K - ~21-Y47b28 ‘“ ih K
Mol
lhp . = évs-eme\u

kb(b \.7_9)&‘0"5

<
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Answer EITHER Question 2 below OR Question 3 printed on page 16. Only one of these two questions will be

graded. If you start both questions, be sure to cross out the question you do not want graded The Section II score ag |
weighting for the question you choose is 20 percent. ‘

CO) + 70,8) - CON)
2. The combustion of carbon monoxide is represented by the equation above.

(a) Determine the value of the standard enthalpy change, AH 7, , for the combustion of CO(g) at 298 K using
the following information. AH fypn =~ 282.0Ki sl

Cls) + 70,(8) = COE AH3g = —110.5 kJ mol™!

C(s) + 0,(g) = COL(). AHZss ='—393.5 kJ mol™!

(b) Determine the value of the standard entropy change, AS >, , for the combustion of CO(g) at 298 K using

. . . . = - J
the information in the following table. A S %y Fb- & /Y‘ %

S o]
Substance 298
(J mol 1K1

: c() P—

1977
CO,(8) 2137
0,(8) 205.1

(c) Determine the standard free energy change, AG =, » for the reaction at 298 K. Include units with
your answer. A $yn = —S0%.8 H. il

(d) Is the reaction spontaneous under standard condmons at 298 K ? Justify your answer.

N6 becaatie Al MAUAT e posHYL YALAI T | t1n Ve oLttt 1 be gpnfy%:w AL e
(e) Calculate the value of the ethbnum co stant, Keq , for the reaction at 298 K.

L ZxinS

2Z) & oy —= BN + G5 AH= +116.5 K
et ? Qa@"’“” Corg)y AM = =293 S Ehwnil

CoeR)+ /o-mql“ Cﬂ—./f‘x A= 1105 +(-292¢) = —28 3.0k
S—-

As=(=213 'D (é(zos D+ (4571
AS= - €b.6 Ymol K —86-edx a7
r\ Ax=A#H ~-TAS.
AI\' = (_ B2. 06 mnl) KQQ?\K'X Ogéé KJ//YW/\&>
AGpyn= —306%. % Kl

=
/040/

GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2. a BQ\

D TN e ckion 1s not.spantand (U4 belalir. Alz tiagh oe 0 PosIiv &

v AAAL ﬁvm rLOLALSY) 1D b€ Spon!amu,u The AG—13F FruT

13 vttt +u ma,mrn nrcuf

& A= -RI InKeq.
—20%.%2 W..’*-Coo% ?IYQﬁ%YlﬂK&D

anez} =124 p9%.
Keq= 1.3y i6%

GO ON TO THE NEXT PAGE.
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Answer EITHER Question 2 below OR Question 3 printed on page 16. Only one of these two questions will be 9\ Q \
graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score
weighting for the question you choose is 20 percent.

(.(s\ﬂ 8‘1.07

CO(g) + 5 0(e) ~«(COw)

2. The combustion of carbon monoxide is represented by the equation above.

(q‘)/ﬂ(g(ﬂ ¥

(a) Determine the value of the standard enthalpy change, AH 2, , for the combustion of CO(g) at 298 K using

the following information. O p2— b reach
C(s) +'lO£(g) —{CO(®) AH3ge = —110.5 kI mo]™!
2 L d
N ) _
C(s) + O4(g) = CO,(g) AHS = —393.5 kI mol™!__ —,)qS,S\:—Sn e\

(b) Determine the value of the standard entropy change, AS 2, , for the combustion of CO(g) at 298 K using
the information in the following table.

S (=]
Substance 298
(J mol" K1)
CO(g) 197.7
CO4(®) 213.7
0,(g) 205.1

(c) Determine the standard free energy change, AG,2,, for the reaction at 298 K. Include units with
yOUur answer.

(d) Is the reaction spontaneous under standard conditions at 298 K ? Justify your answer.

(e) Calculate the value of the equilibrium constant, K., for the reaction at 298 K.

< y | - .
26 M GRO TS d B GE) <08 _
oA HHEO o (Qgy—= 39355 apo ] = ~110:SkS e
= -2e3k> mor‘

Mmdd{’m "‘éﬁo vrectanls

= AR Seod E = (7 192.7 2054

Ca

== !gq‘! Sl

GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2. - %
C) DG cxn= HH'- TS o mol” (X
= =393k ool (348K » 1871 Jamal K )
- —2 83 'kSIVH‘)’-J’-ZQqQk‘. -, 1g9 | D YN !:-!k:q )
= ~226.648) kIpmal’
__ . 3 '

oA Ao

T I

DL g

AY‘(S —D]\) frai‘hon f5 %nﬁ”sb nrov§ ’)t[ﬂuip AH €¥naYg el(aﬂzmwang
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GO ON TO THE NEXT PAGE.
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AP® CHEMISTRY
2006 SCORING COMMENTARY

Question 2

Overview

The intent of this question was to test students’ knowledge of basic thermodynamic relationships, including
enthalpy, entropy, and free energy changes, and the equilibrium constant associated with a chemical reaction. The
first task was to calculate the values for enthalpy, entropy, and free energy changes from the information
provided. Students were asked what the calculated thermodynamic quantities implied for the spontaneity of the
reaction given, CO + %2 O, — CO,, and had to calculate the thermodynamic equilibrium constant.

Sample: 2A
Score: 9

This response earned all 9 points: 2 points for part (a), 2 points for part (b), 2 points for part (c), 1 point for part
(d), and 2 points for part (e). Note that the student has an unusual way of writing the numeral “8,” which is
consistently used throughout the response.

Sample: 2B
Score: 7

Only 1 point was earned in part (c) because the negative sign in (—.0866 kJ/mol K) is not carried through
correctly, constituting a math error. The point was not earned in part (d) because of the incorrect conclusion that
a negative Gibbs free energy is an indication of nonspontaneity.

Sample: 2C
Score: 5

Only 1 point was earned in part (b) because the entropy of oxygen is not multiplied by %2, its coefficient in the
combustion equation. This incorrect value is used correctly in part (c), but only 1 out of 2 points were earned in
this part because the number of significant figures in the answer is off by more than one. In part (d) 1 point was
earned, but part (e) is not attempted.
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