CHEM 130 Name
Quiz 10 — December 2, 2016

Complete the following problems. Write your final answers in the blanks provided.

1. Determine K. for the reaction: Nx(g) + Ox(g) + Clx(g) = 2NOCI(g) from the following data at 298K:
(8 points)

Y2 No(g) + O2(g) = NO(g) Ky =1.0x10°
NOCI(g) + % O,(g) = NO,CI(qg) K, =1.1x10?
NO,(g) + % Cl,(g) = NO,CI(qg) K,=0.3

We need to rearrange reactions to make our target reaction:

2(¥2 N2(g) + O2(g) 2 NO2(9)) Kp = (1.0 x 10°%)?
2(NO,CI(g) 2 NOCI(g) + %2 05(g)) K, = 1/(1.1 x 10%)?
2(NO,(g) + %2 Clo(g) 2 NOCI(g)) K, =(0.3)°

So, the sum of the reactions is:

N, + 20, + 2NO.GCl + 2NO, + Cl, 2 2NO, + 2NOCl+ O, + 2NO,CI
N, + O, + Cl, 2 2NO,CI

Ko = (1.0x10%%0.3)> = 7.4x10*
(1.1 x 10%?

Ke = K, = 7.4x10% = 1.81x10%
(RT)™" (0.08206x298)""

2. You have been tasked with determining the equilibrium constant for the reaction of H, and S,
gases to produce hydrogen sulfide. In a 0.500 L flask, a mixture that initially contains no S, and is
0.992 M H, and 0.0587 M H,S comes to equilibrium at 1670 K. At equilibrium, there is
8.00 x 10 mol of S, present. What are the values for K. and K, at this temperature? (9 points)
Start with a balanced chemical reaction:

2H, + S, 2 2H,S

The equilibrium concentration of S, = (8.00x10™ mol)/0.5 L = 0.00160 M S,

We need to determine equilibrium concentrations for the other two species. Mapping out the
chemistry:

2H, - S, 2 2 H,S
i 0.992, M 0 0.0587 M
c +2X +X -2X
e 0.992 + 2(0.00160) = 0.00160M 0.0587 — 2(0.00160) =
0.995, M 0.0555 M
Plugging in to K:
Ke = [H,SP = (0.0555)? = 1.94

[H]7[S2] (0.995,)°(0.0016)

K, = Ko(RT)"" = 1.94(0.08206x1670)™ = 0.0142



3. Consider the reaction below. If the initial concentrations of H,, F,, and HF are 0.0100M, 1.25 M,
and 2.21 M, respectively, is the system at equilibrium? If not, which way will the reaction go to
achieve the equilibrium condition? Set up, but do not complete the calculation you would use to
determine the equilibrium concentrations of each of the species in the reaction. You DO NOT
need to arrive at a numerical answer, just get to the point where you have one algebraic
expression you could solve, given additional time. Be sure to tell me what you would do with
the result of your calculation. (8 points)

H2(g) + F2(g) < 2HF(g) K=115

Since we have intital concentrations of all species, we need to calculate Q first to determine the
direction the reaction must go to get to equilibrium.

Q = [HFP = (2.21 M)? = 390
[H2][F2] (0.0100 M)(1.25 M)
Since Q>K, the reaction is product heavy and more reactants will be formed on the way to
equilibrium.

H, + F, 2 2 HF
i 0.0100M 1.25M 2.21 M
(o +X +X -2X
e 0.0100 + x 1.25 +x 2.21 - 2x

Insert these values into the equilibrium constant expression:
K = _[HF = (2.21 - 2x)’ = 115
[H2][F] (0.0100 + x)(1.25 + x)

The boldface expression can now be solved for X, giving two possible solutions (quadratic). After
choosing the chemically sensible solution, equilibrium concentrations can be calculate: [HF] =
(2.21 — 2x)M, [H2] = (0.0100 + x)M, [F;] = (1.25 + x)M
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