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§ These solutions are for those who find Dr. Gilbert’s solutions illegible or incomprehensible
for some reason.

Part 3: Longer calculations: Please write as clearly as possible and show all your work. (15
points each).

1. How much does your car engine hear up when 2.500 g of octane CgH;g (molar mass
= 114 g/mol) is combusted to COsyy) and HyO(y in an engine cylinder. Assume that
the pressure inside your engine is atmospheric pressure and that no work is done. You
forgot to put oil in the engine, so it seized and the pistons no longer move.

AHfo Cngg(l) = -249.95 kJ/mol
AHfo COQ(g) = -393.51 kJ/mol
AH{° HyOy(y) = -241.82 kJ /mol
AHfo Og(g) =0 kJ/mol

Mass of car engine = 400 kg
Heat capacity of car engine = 0.200 J/g-K

Solution
We have Cngg(l) + 12%02(9) — SCOQ(Q) + 9HQO(9)

A11——[f° = EAI{fo(products) - EAP[fo(reacto‘mts)
— 9(—241.82) + 8(—393.51) — (—249.95)
= —2176.38 — 3148.08 + 249.95
— 507451 kJ /mol

But 2.500 g of CgH;8 is (3:29) = 0.0219 mol of CgH;8.

114 g

q = AH/mol x no. of moles = 5074.51 =% x 0.0219 mol = 111.28 kJ

.. For the car engine:



Q =mCAT
AT =2

mC
111.28x103J
J
400x103 gx0.2 %

=139 K

2. At 25 °C for the synthesis of ammonia
Na(g) + 3Ha(g) = 2NHz)
K, = 6.78 x 10°.

Calculate the equilibrium pressure of Ny, Hy and NHj at 25 °C. The total pressure at
equilibrium is 1.00 atm and the mole ratio of H to N at equilibrium is 3:1.

Solution

K, = 6.78 x 107 = —; 1t

3
PH2 X PN2

Also,
Pyu, + P, + Py, =1 atm (1)

Since Py, = 3Px,, (1) becomes

PNH3+4PN2:1atm

Hence,

(I4e®) _ [0 = 6.78 x 10°, where 2 = Py,

(3z3)xx

In general, we cannot assume 422 < 1 as this violates the 5% rule, but we will do it
anyways to simplify the calculation.

2
K, =6.78 x 10° = 5%

L= PN2 = {Hm = 1.53 X 1072 atm

and Py, = 3z = 3 x1.53 x 1072 = 4.59 x 1072 atm
Finally, Pyy, = 1 — 4z = (1 —4 x 1.53 x 1072) = 9.39 x 10~2 atm.




3. a. What is the pH of a 0.250 M solution of formic acid, K, = 1.77 x 10747

Solution
‘HCOOH@@—F Hﬂ%” = Hﬂﬁ@@-% HCOO_WQ
I |0.25 . ~ 0 0
C|—x . +z +z
E|025—=x . T T
o —4 _ [H30T][HCOO™] _ 42
So Ko = L77 x 1074 = = [HCOOH]  — 025

Assume x < 0.25, or 0.25 — z ~ 0.25
So 2 = v/1.77 x 104 x 0.25 = 6.65 x 10=3 M = [H*]

Assumption valid by 5% rule.
. pH = -log([H']) = -log(6.65 x 1073%) = 2.1

b. You have no sodium formate in the lab to use to make a buffer. But you do have a
stock solution of NaOH. What volume of a 10.0 M NaOH solution must you add
to 1.00 L of the 0.250 M formic acid to make a buffer at pH of 4.00?

Solution

By the Henderson—Hasselback equation,

pH = pK, + log(%), if we add z mol of OH™

4.00 = -log(1.77 x 107*) + log(HSS57~)
100.248 _ HCOO™ +z

gCOOH—x
1.25 = 555

0.4425 - 1.77x = x

T = 0'2%35 = 0.1597 mol of OH™

Moles of OH™ __ 0.1597mol _ | 50 % 10~2 L,

Volume of NaOH solution required = O~ = Cl00M



4. 1.00 mol of an ideal gas at 298 K and 1 atm pressure is expanded isothermally and
reversibly from 24.5 L to 245 L. It is then compressed isothermally and irreversibly
back to initial conditions. Calculate AS,,s, ASs,» and AS,,; for each step. Also
Calculate AS,,,,; for the cycle.

(a)

()

Reversible expansion

— Grev _ —w __ ’I’LRTZTL(%) — & —
ASqye = 2 — = = ) 1 50831451 x In(282) = 19.1 J/K
ASqyy = =L — A5, = —19.1 J/K

Asunil - Assys + Assurr =0 J/K

Irreversible compression at constant P

nRTIn(SL)

ASyys = v = ———° =1 x 831451 x In(32) = —19.1 J/K
_ —Y4sys __ — A _ —1 atm (245—245 L . .
ASgypy = ~g22 = =50V = SOLSZIL L (WL38I) — 750 J/K

ASuni, = ASgys + ASgyrr =-19.1 4+ 75.0 = +55.9 J/K
Whole cycle

AS,; for whole cycle = ASyni, + ASuni,
— 0 J/K + 559 J/K
— 1559 J/K

The sign is positive as expected.




