LIET 152 2nd Exam 2010. 11. 13 Dept. :

Student # : Name :

1. Define the following terms briefly.
@ half-life (¥Fz+7]) (1 pt)

@ homogeneous catalyst (¥ &=w]) (1 pt)

@ Le Chatelier’s principle (2 AFE o2l ¥=]) (1 pt)

@ dominant equilibrium (X]¥1& H3) (1 pt)

(® conjugate acid-base pair (Z2H-97]%) (1 pt)

® weak base (2F47]) (1 pt)

2. A chemist is studying Haber synthesis:
No + 3 Hy — 2 NHs
Starting with a closed reactor containing 1.25 mol/L of N2 and
050 mol/L of Hs, the chemist finds that the H> concentration
has fallen to 0.25 mol/L after 30 seconds.
(@D What is the average rate of reaction over time? (3 pt)

(@ What is the average rate of NHj producion? (3 pt)

3. For the net reaction 2 AB + 2 C — Az + 2 BC, the following
slow first step has been proposed:
C+ AB — BC + A
@ What rate law is predicted by this step? (2 pt)

@ What units are associated with the rate constant for this

rate law? (2 pt)

(@ Write additional steps that complete the mechanism. (2 pt)

4. If a reaction has an activation energy of zero, how will its
rate constant change with temperature? Explain in molecular

terms what Ea = 0 means. (5 pt)

5. The industrial process for forming acetic acid involves a
catalyst:

[Rh(CO).L]
173 °C, 700atm

CH,OH + CO CH,COOH

@ Draw molecular pictures showing the bond breakage and

formation that must occur in the course of this reaction. (4 pt)

@ Suggest how the catalyst might make it easier for these

reactions to occur. (1 pt)

6. The reaction of NO; of CO is a reaction that may occur in
automobile exhaust:
NOz(g) + CO(g) — NO(g) + COs(g2)
Because of its color, it is possible to monitor the concentration
of NO: with time. A chemist carried out isolation experiment to
do kinetics studies on the reaction and obtained the following
data.

Experiment A: [NOsJy = 35x10 °M, [COl, = 0.40 M
Time(s) 0 240 430 720 960
[NO,] (10M) 35 25 19 16 13

Experiment B [NO2ly = 35x10°M, [COl, = 0.6 M
Time(s) 0 240 480 720 960
[NO,] (10°°M) 35 25 1.9 16 13

@D Draw graphs to determine the rate law for this reaction. (5
pt)

@ Evaluate the rate constant. (2 pt)

7. Write the equilibrium constant expression for each of the
following reactions. (each 2 pt)
D 2 HaS(g) + 3 Oag) = 2 H:O() + 2 SOu(2)

@ NHs(g) + HsO+(ag) = NHy'(ag) + HO()

8. Consider the following gas-phase reaction:

PCls(g) = PCls(g) + Cla(g) (endothermic)
Describe four changes that would drive the equilibrium to the
left. (5 pt)
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9. At high temperature, HCI and O; react to give Cly gas:

4 HCl(g) + Oz(g) = 2 Cla(g) + 2 H.0(g)
If HCI at 2.30 bar and O at 1.00 bar react at 750 K, the
equilibrium pressure of Cls is measured to be 0.93 bar. Find the
value of Keq at 750 K. (7 pt)

10. Using reactions and equilibriums of @ and @), determine the
value of Ks. (5%)
@ NO(g) + % 02
@ % Nao(g) + % Oxg)
@ Naolg) + 2 Oulg) S

NO:(g2) K; = 1.3 x 10°
NO(g) Ky =65x 10"
2 NOz(g) K; =9

—
—

11. Using thermodynamic data given below, calculate K¢, for the
following reaction at 298 K2} 825 K. (7 pt)
2 NOs(g) = N204(g2)

NO:(g) N2O4(g)
AG°(k]/mole) 51.3 99.8
AH(k]/mole) 33.2 11.1
S°(J/mol K) 240.1 304.4

12. Calculate the concentrations of hydronium and hydroxide ions
in a solution prepared by dissolving 0.448 g of HCI gas in
enough water to make 325 mL. HCl molar mass=36.461
g/mol. (7 pt)

13. For a 0.356M aqueous solution of trimethylamine, N(CHzs)s, do
the following:
(D Identify major and minor species. (2 pt)

@ Compute concentrations of all species. (4 pt)

@ Find the pH. (2 pt)

14. Hydrazine(NoHy) has Ky=1.3 x 10°°,
@ Use Lewis structures to illustrate the equilibrium reaction
of Kp. (2 pt)

@ Calculate the pH of a 2.00 x 10'M solution of NyH, (4
pt)

15.  Acetic acid(CH3CO:;H) is weaker than chloroacetic
acid(CICH2CO2H).

(D Draw Lewis structures of these two acids. Draw an arrow

indicating the effect of the Cl atom on the electron density in

the rest of the molecule. (3 pt)

@ Use these drawing to explain why chloroacetic acid is the

stronger acid. (3 pt)

16. Determine the concentrations of the ionic species present in
a 0.35 M solution of sodium sulfite (Na:SQOs,), sulfric acid
(H:504) Ko = 14 x 107 Ky = 6.3 x 10 (8 pt)

soksciorskoskoroorskoor. -] B Aol Q3B A S sersorskrotskorsokoskok
® 0 K = 27315 °C, Ky = 1.00 x 10

@ A 44 R =834 J mol' K

® AG, = AH® - TAS® ; AG® = -RTInK



