Here are four FRQ questions in roughly increasing order of difficulty
Try to give yourself 15-20 minutes to try each of these FRQ questions
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3a. A H% = 2A H;CO - A HSiO,
689.9 =2(-110.5) - A HSiO,
AHSIO, = -221-689.9 = -910.9 kJ
b. AS®n = 18.8 +2(197.6) — [2(5.7) + 41.8] = 360.8 J/K
c. AG® = 689.9 kJ — 298 K (0.3608 kJ) = 582.4 kJ
d. 689.9= 0.3608 T

= 6899 _1912K0r(1639°C)
0.3608
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The negative sign corresponds to an increase in order. An increase in order can result
from the H* and OH ™ ions structurine the H.O molecules around them.
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2 al AHPofNOyg  AHY, = Mjno,) - 2AH mo,
5.1 KI = Ay, 0,— 2 mol (332 kI'mol ™)
AHjp,0,=+113 kImol’
iLSTofNOsw  ASS, = S°v,00)— (2570, +5°0,)
—227.0 1K = 54,0, [2(-239.7 J-mol K) + 1/2(205.1 J-mol K 1]
S°(N,04)=355.4 J'mol 'K
AG°at25°C  AG’ = AH° —TAS®
AG’ = —55.1 kI - (298 K)(-0.227 kI K")
AG =125k
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b. i. This reaction is not spontaneous at 25 °C. The value of AG° is positive.

ii. An increase in temperature will cause AG ° to become more positive because the value of AS® is negative.
Therefore, the numerical value of K, will decrease.

iii. An increase in temperature will cause the relative amount of reactants to increase and products to
decrease. This can be explained by noting that the value of AH,,, is negative, which means that adding

heat will shift the reaction to the left. Another argument is that as the temperature increases, the value of

the equilibrium constant K, will decrease, also shifting the reaction to the left.

iv. The S° values for NO,(g) and O,(g) at the same temperature are not the same because NO,, with 3 atoms
per molecule, has more possible arrangements than O,, with only 2 atoms per molecule. This leads to a
higher value for entropy, although not very much higher. The molar mass of NO, is also higher than

for O,.
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2. a. looking at N, + 2H, — N,H,

we must use the equations,

N, +0, — NO, 2AH,
2H, + 0, — 2H,0 2AH,
2NO, + 2H,0 — 30, + N,H, —AH,

N, +2H, — N,H,
AH; = 2AH, + 2AH, - AH;
b. N,H, () +2H,0,(1) = Ny(g) + 4H,0(g)
c. The structures of hydrazine and peroxide are,

H. ..
H)q N\H and

H

S
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Thus,
AH_,, = 4 mol x(-285.8 kJ- mol") - [2 mol x (-187.8 kJ- mol") +1molx(50.6 kJ- mol")]

—1143.2 + 325.0
—818.2KkJ

d.
AH,,=N-N +4N-H +20-0 +40-H -[N=N +80-H]
(note : 40 —H cancel from each side)
= 167 +4(386) + 2(142) — [942 + 4(459)]
=-783kJ
e. AH from part ¢ should be more accurate. AH, values are determined for each compound individually,

whereas bond energies are average values. We should expect the actual values for the compounds in
this problem to vary from these averages.

f. C=1mol x (29.1 J'mol'-°C") + 4 mol x (33.6 J'mol'-°C") so C=163.5 J-°C"
q=CAT 8182007 =163.5J°C" x AT so AT = 5004 °C.
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3. (11%) The first step in the production of high purity silicon for semiconductors is represented by this equation.
Si0,(s) +2C(s) — Si(s) +2CO(g) AH’ =+689.9 kJ

a. Calculate AHj for SiO,. Given: AH} for CO =-110.5 kJ-mol™

b. Find AS,, for the production of pure silicon. Given: §° for C = 5.7 J-K™'-mot™, for CO is 197.6 J-K~'-mol’, for

rxn

Si=18.8 J-K™"-mol™, and for SiO, = 41.8 J-K™"-mol™*
¢. Determine AG” for the reaction at 25 °C.

d. Find the minimum temperature in °C at which this reaction is spontaneous. Assume that AH’ and AS° do not vary
with temperature.
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(11%) The ionization constant for water is 1.14 X 107 at 0 °C and 9.6 x 10™"* at 60 °C.
a. Write the equation for the ionization of water and determine the pH of water at 60 °C.
b. Calculate each value.

i. AH,ppizion OVer this temperature range

ii. AG at 60 °C

iii. ASat 60 °C
c. State the significance of the sign of the sign of AS obtained in part 2b.iii, and explain how the process indicated

in 2a could lead to this sign.
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o . . . .
(15%) Consider the formation of N,Os(g) by this reaction.

2NO,(g) + 1/20,(g) = N,04(®) |
For this reaction, AH° =-55.1 kJ and AS°® =227 J-.K! +33.2 K mol
Additional data are given in the Table.

239.7 J'mol-K-!
205.1 J-mol"-K-!

a. Calculate these values.
i. AHP of N,Os(e) ii. §° of N,Os(p)  iii. AG® of the given reactionat 25 °C  iv. K, of the given reaction at 25 °C
b. State and explain
i. whether this reaction is spontaneous at 25 °C.
ii. how the numerical value of K, would be affected by an increase in temperature.
iii. how the relative amounts of reactant and product molecules would be affected by an increase in temperature.

iv. why the S° values differ for NO,(g) and O,(g) at 25 °C.




image2.png
2.

(16%) Liquid hydrazine, N,H,, is sometimes used as a rocket propellant.

a.

f.

Write an equation for the formation of hydrazine from its elements and use the combustion equations below to derive an
equation in which AHf for liquid hydrazine is expressed in terms of AH,, AH, and AH,.

YiN(8) + 0x(g) —NOy(g) AH,

Hy(g) + %0,(2) ~H,0(®) AH,

NH,(1) +30,(g) > 2NO,(g) + 2H,0(g) AH,
In a rocket, liquid hydrazine is reacted with liquid hydrogen peroxide to produce nitrogen and water vapor. Write a balanced
equation for this reaction.
Calculate AH,,,’ for the reaction represented in 2b.

AHf KJ/mol
NH,(D 50.6
H,0,(1) -187.8
HO(g) 2858

Calculate AH,," for the reaction in 2b using bond dissociation energies.

Bond Dissociation Energy kJ/mol
N-N 167 0-0 142
N=N 418 0=0 494
N=N 942 O-H 459
N-H 386

‘Which value of AH,,,” (that calculated in part c or part d) is likely to be more accurate? Justify your answer.
Calculate the maximum temperature of the combustion gases if all the energy generated in the reaction goes into raising the
temperature of those gases. [The heat capacities of N,(g) and H,0(g) are 29.1 J/(mol-"C) and 33.6 J/(mol-"C), respectively.]




