AP® CHEMISTRY
2007 SCORING GUIDELINES

Question 2

N,(g) + 3F,(g) — 2NF;(g) AHszye = —264 kJ mol™!; AS5pe = —278 J K~! mol™!

The following questions relate to the synthesis reaction represented by the chemical equation in the box

above.

(a) Calculate the value of the standard free energy change, AG,q , for the reaction.

One point is earned for correct
AGsog = AHygg— TAS, .
298 298 298 substitution.

—264 kJ mol™! — (298 K)(-0.278 kJ mol™! K1) One point is earned for the value of
AGjgg (including KJ or J).

—181 kJ mol™

(b) Determine the temperature at which the equilibrium constant, K, , for the reaction is equal to 1.00.

(Assume that AH® and AS° are independent of temperature.)

When K,, = 1, then AG; = =RTIn(1) = 0

If AG; = 0,then0 = AH°-TAS® = One point is earned for indicating
. thatif K, = 1,then AG; = 0.
AH, g4 !
T =
AS2o8 One point is earned for the answer
i (including the unit K).
—264 kJ mol - 950.K

—0.278 kJ K 'mol™

(c) Calculate the standard enthalpy change, AH®, that occurs when a 0.256 mol sample of NF;(g) is
formed from N,(g) and F,(g) at 1.00 atm and 298 K.

One point is earned for multiplying AH jo

by the number of moles of NF; formed.

0.256 mol NF,(g) x —264 kJ - _338KkJ One point is earned for recognizing that
2.00 mol NF;(g) 2.00 mol of NF; are produced for the

reaction as it is written.

One point is earned for the answer
(including kJ or J).
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AP® CHEMISTRY
2007 SCORING GUIDELINES

Question 2 (continued)
The enthalpy change in a chemical reaction is the difference between energy absorbed in breaking bonds in
the reactants and energy released by bond formation in the products.

(d) How many bonds are formed when two molecules of NF; are produced according to the equation in the
box above?

There are six N—F bonds formed. One point is earned for the correct answer.

(e) Use both the information in the box above and the table of average bond enthalpies below to calculate
the average enthalpy of the F —F bond.

Average Bond Enthal
Bond g(kJ mol 1) >
N=N 946
N-F 272
F-F ?

One point is earned for the correct
AH o = x Eyonds broken — Y Eponds formea = —204KJ mol™" | number of bonds in all three compounds

multiplied by the average bond
[BEyony + @ XBEg p) ] — (6 X BEyp) enthalpies.

946 kJ mol™'+ (3 x BE —6(272 kJ mol™!
[ mo ( pop) =60 mol™) One point is earned for the answer

= —264 kJ mol™! (including kJ or J).
= 3mol BEg g = (—264 — 946 + 1,632) kJ mol™! Note: A total of one point is earned if
an incorrect number of bonds is
= BEg.p = 141 kJ mol™! substituted in a correct equation and the

answer is reasonable (i.e., positive).
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Ny(g) + 3Fy(8) —> 2NFy(g)  AHZg = —264 kI mol'l; ASSe = — 278 J K~ mol™

2. The following questions relate to the synthesis reaction represented by the chemical equation in the box above.

(a) Calculate the value of the standard free energy change, AG 394, for the reaction.

b) Determine the temperature at which the equilibrium constant, X, for the reaction is equal to 1.00.
e q
(Assume that AH® and AS°® are independent of temperature.)

(c) Calculate the standard enthalpy change, AH®, that occurs when a 0.256 mol sample of NF;(g) is formed
from Ny(g) and F,(g) at 1.00 atm and 298 K.

The enthalpy change in a chemical reaction is the difference between energy absorbed in breaking bonds in the
reactants and energy released by bond formation in the products.

(d) How many bonds are formed when two molecules of NF; are produced according to the equation in the
box above?

(e) Use both the information in the box above and the table of average bond enthalpies below to calculate the
average enthalpy of the F —F bond.

Average Bond Enthalpy

Bond

(a) AG= AR-TAS () N> 137, —2NE,

A(:x = ‘2&)““ T]g(—g_z”‘&\ 02% Wlo““:al _26."{;(3 | N O
AG= 13| K] (i {355
Al = ~33.3K7
(b) dg=-RTink
k= & equilibritm 85 O (d) Np t 36, — oM,
AG= AH-TAS N=N F-f  /NSF
AH=TAS Nze F-F ©
AW t-f c"?r'\f
T ‘
Te }%ﬁi%& G bends frrmed
T=990. K
-10- GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANS'

() An- m‘b;m\s brotton- Ol pends formed

—264= 940 t3M — 6 (212)

Sl = 422

AHF, 141 55

’ F—P : H‘ Tl

-11- GO ON TO THE NEXT PAGE.
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Ny(g) + 3F,(g) — 2NFy(g)  AHS = —264kImol’l; ASSy; = —278 J K~! mol™!

2. The following questions relate to the synthesis reaction represented by the chemical equation in the box above.

(a) Calculate the value of the standard free energy change, AG 3qg, for the reaction.

(b) Determine the temperature at which the equilibrium constant, X

eq’ for the reaction is equal to 1.00.
(Assume that AH® and AS°® are independent of temperature.)

{(c) Calculate the standard enthalpy change, AH®, that occurs when a 0.256 mol sample of NF;(g) is formed
from N,(g) and F(g) at 1.00 atm and 298 K.

25"~

The enthalpy change in a chemical reaction is the difference between energy absorbed in breaking bonds in the
reactants and energy released by bond formation in the products.

(d) How many bonds are formed when two molecules of NF; are produced according to the equation in the
box above?

(e) Use both the information in the box above and the table of average bond enthalpies below to calculate the
average enthalpy of the F—F bond.

Average Bond Enthalpy

a) ALz A -TAS
= =ae4) -39 (-3335)
L A - 7

D%, = §3,530

...... u)_qw!:ge:w oo, b Al 2z O

O Faed - T{-2%3)
| N 7 7

W= -T (-217)

269 - ¢
378

oo, T2 .95 —= Af=D

-10- GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 2. P

) {Fgg e | ak 398 B =224 &_3’ o e AHE

i 0.356 ¥ -261 = ApS 5'& 0,356 proglin

ot 2aw ¥
5.6 gg |
>
Cizg %%)
D G g

E

o

3
CU |

=263 = () -i3(x]) + 14g

o

-08 > -3y . 9Yc
138 = -3«
—" h\“\
* = (-ye a8/ wd =AHW-M-&,§\
~—_ , —

v

et

-11- GO ON TO THE NEXT PAGE.
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Nyg) + 3Fy(g) — 2NFy(e)  AHS = - 2641 mol™’; ASSyy = — 2783 K~ mol™

2. The following questions relate to the synthesis reaction represented by the chemical equation in the box above.

(a) Calculate the value of the standard free energy change, AG og » for the reaction.

(b) Determine the temperature at which the equilibrium constant, X, , for the reaction is equal to 1.00.
{Assume that AH® and AS® are independent of temperature.)

(c) Calculate the standard enthalpy change, AH°, that occurs when a 0.256 mol sample of NF;(g) is formed
from Ny(g) and F,(g) at 1.00 atm and 298 K.

The enthalpy change in a chemical reaction is the difference between energy absorbed in breaking bonds in the
reactants and energy released by bond formation in the products.

(d) How many bonds are formed when two molecules of NF; are produced according to the equation in the
box above? -

(e) Use both the information in the box above and the table of average bond enthalpies below to calculate the
average enthalpy of the F —F bond.

Average Bond Enthalpy

6) oG sH-TAS
pGr =20t k) jmol -~ 295K (=27 ) /mol k)
Dl =~ 2CUHO0D J/mol + Z2FHY S /ol -
AG = ZHOEEUY d Mmool = UL FUY K dmol & 24T K /nie]

by DG -KFT LnkK
LG -T2 X - n (D

- -10- ' GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERIM . Zc

¢) DH%=-2 64K

mol

L 256 mol *?Ca”

e

l' L1.STUEY & (7t K )

d):U:U'¢FF¢FF*FF-‘7u+D
7N /\\
r?—F A

(o bonds are fimed (3 in eacih molecole)

e) 2{z(\ F\)‘} 3(F ~F) = (0TR) T <26l K /ol

rd &1 &MY K)/mﬂ)) B0 WG EImol = - 264 E) Avel
- 2% A0k 3 /mol

X=310.Lr) fmal = 217K Imol

-11- GO ON TO THE NEXT PAGE.

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents)



AP® CHEMISTRY
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Question 2
Overview

The intent of this question was to assess students’ understanding of thermodynamics for a particular reaction.
Students were asked to calculate AG,yq using thermodynamic data provided, to predict the temperature at which

the reaction is at equilibrium, to calculate the enthalpy for a specific number of moles of product, and to relate
the number of bonds broken and formed to bond energies and reaction enthalpy in order to calculate the average
enthalpy of the F—F bond.

Sample: 2A
Score: 10

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

Sample: 2B
Score: 7

In part (a) only 1 out of 2 points was earned because there is no conversion between kJ and J, leading to an
incorrect answer. In part (b) both points were earned because the error is the same conversion error made in

part (a), thus no penalty was associated with a second occurrence of the same error. All points were earned in
parts (c) and (d). In part (e) no points were earned because the number of N—F bonds used in the calculation is
incorrect, and the bond energy is calculated by using products minus reactants. The latter mistake was a common
error in responses to this question.

Sample: 2C
Score: b

In part (a) 1 out of 2 points was earned because the student neglects to include the negative sign on the AH when
adding. In part (b) no points were earned because the student does not recognize that AG = 0 when K, = 1 and
therefore does not use AH = TAS to calculate temperature; this was one of the most common errors students made
on this question. Only 2 out of 3 points were earned in part (c) because the response does not consider the
stoichiometry of the chemical equation in determining the enthalpy. (Note that using —264 kJ for each mole of NF;
in part (c) is inconsistent with using —264 kJ for 2 moles of NFj; in the responses to parts (a) and (e).) The point

was earned in part (d). In part (e) only 1 out of 2 points was earned because the relationship of bonds broken to
bonds formed is reversed.
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