Exam #2 - Chem 102 N ame

Spring 2007

page 1 (18 pts)

page 2 (22 pts)

page 3 (24 pts)

page 4 (24 pts)

page 5 (12 pts)

the last page has equations and periodic table

TOTAL Score (100 pts.)

DO NOT OPEN THE EXAM UNTIL 11 AM.

*  You must turn in your exam by 11:55 AM according to the VLH clocks.

e This is a closed book, closed notes exam. All of the information you will need is
provided with the question or can be found on the LAST PAGE of the exam.

« SHOW YOUR WORK! 1 am more interested in the way you arrive at your

answers than in the answers themselves.

*  You may use a calculator on this exam, but only for simple arithmetic, algebraic and
logarithmic functions. DO NOT use your calculator to solve equations directly.




1. (6 pts) What is the equilibrium expression for the following reaction?

280,, + O,y + 2H,0, 5 2H,S0,,,

K=

2. (6 pts) As many balloons have hopefully shown, hydrogen reacts spontaneously with oxygen
to produce water: 2 Hy, + O, — 2 H,O,. For each of the following, indicate whether the value

will be positive, negative or about zero.

! S system

. S surroundings

|
. S universe

3. (6 pts) A certain protein unfolds with an increase in absorbance at 280 nm. Based on the
following plot of A, vs. [Gdn], identify the concentration of Gdn that leads to a free energy of
unfolding (! G,") of zero. Briefly explain your reasoning. Nd rdeant to 2008
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4. (10 pts) True or False:

a. Strong acids have higher pK, values than weak acids.
b. The conjugate base of a strong acid will be a strong base.
c. H,SO, is a strong acid.

d. HCl is a stronger acid than HF.

e. The conjugate base of HCO; is COy.

5. (6 pts) 0.111 g of CaCl, are loaded on a cation exchange in the H" form. What volume of
0.100 M NaOH is needed to titrate the H" that gets released from the column?

6. (6 points) The following reaction is used to purify nickel.
Niy, + 4 CO, S Ni(CO),,,

Consider a flask in which the reaction is at equilibrium. How will the addition of each of the
following species affect the reaction? Will it shift to the right, to the left or will it remain constant?

N1

®

CO

®

Ni(CO),,




7. (12 pts) Nitrogen dioxide reacts as follows:
2NO, , 5 Ny, +20,, K=10x10"atm’

If you start with Py, = 2.00 atm, what will the final pressure of each species be when the reaction
has come to equilibrium?

8. (12 pts) Tropospheric ozone can be destroyed in the reaction with nitric oxide.
NO + Osy = NOy, + O,y TH°=">

a. Calculate the AH® for the above reaction, using the following data.

30,y =20, AH® = +300 k]

O,y =20y, AH® = +450 k]

NO,y, = NO, + Oy AH® = +200 k]

b. Use the above information to calculate the heat of formation of one mole of atomic oxygen.



9. (14 pts) Consider the following reaction with the accompanying data (at 300 K):

CH,0OH, — H,CO, + H, AH/ S° AGS?
(kJ]/mol) | (J/molK) | (kJ/mol)
CH,OH, -200 240 -175
H,CO, -110 220 -100
H,, 0 150 0
a. Is this reaction spontaneous in the standard state at 300 K? Show your reasoning explicitly.
b. This reaction spontaneous at (circle one).
. All Temps ii. No Temps ii. High Temp iv. Low Temp
C. If the reaction changes from spontaneous to non-spontaneous, calculate the temperature at

which this occurs. If it does not change, explain why - showing your reasoning explicitly.

10. (10 points) The equilibrium constant for the dimerization of NO, to form N,O, decreases
from 10.0 atm™ to 0.10 atm™ when the temperature is raised from 30°C to 60°C. What is the ! H°
for this reaction? Show your work fully.

2NO,, 5 N,0,,



11. (12 points) Use the bond enthalpies (BE) provided below to estimate ! H* for the following
reaction. Be careful to show your reasoning explicitly.

2 H,0, + NH, — H,NOH + H,0

BE (k] /mol
H-O 465
0-O 145
H-N 390
N-O 200
12. (Brownie points) On the day before break, a can was shot into the air. What had the can

contained in its former, commercial life? (By the way, if you weren’t there, you took an early break,
and were sitting on some beach in the Virgin Islands, so no griping!)



Constants and Equations

R =83145'/_ . = 0.08206 "™/ . I G* = -RTInK
1 atm = 1.01325 x 10° Pa 1]=1%"/,
o
o fo (gL L
7O R og, T,=
1 2
H He
1.0079 4.0026
3 4 5 6 7 8 9 10
Li |Be B|C| N|O|F|Ne
6.94 9.01 10.81 | 12.011| 14.01 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na|Mg Al|Si| P | S |Cl|Ar
2299 | 2431 26.98 | 28.09 | 30.97 | 32.06 | 35.45 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K|Ca|Sc|Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br Kr
39.10 | 40.08 | 44.96 | 47.88 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.71 | 63.54 | 65.31 | 69.72 | 72.59 | 74.92 | 78.96 | 79.91 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Sr|Y |Zr |[Nb|Mo|Tc |Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te| I |Xe
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 95.94 | 98.91 | 101.07 | 102.91 | 106.4 | 107.87 | 112.40 | 114.82 | 118.69 | 121.75 | 127.60 | 126.90 | 131.30
55 56 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Ba|Lu|Hf |[Ta|W |Re|Os| Ir | Pt |Au|Hg| Tl |Pb|Bi |Po|At|Rn
132.91 [ 137.34 | 174.97 | 178.49 | 180.95 | 183.85 | 186.2 | 190.2 | 192.2 | 195.09 | 196.97 | 200.59 | 204.37 | 207.19 | 208.98 | 210 210 222
87 88 | 103 | 104 | 105 | 106 | 107 | 108 | 109
Fr |Ra| Lr | Rf |Db|Sg |Bh|Hs|Mt
223 1 226.03 | 262.1 | 261.11|262.11 | 263.12| 262.12| 265 266
57 58 59 60 61 62 63 64 65 66 67 68 69 70
La|Ce|Pr |Nd|Pm|Sm|Eu|Gd|Tb |Dy |Ho|Er |Tm|Yb
138.91 | 140.12 | 140.91 | 144.24 | 146.92 | 150.35| 151.96 | 157.25 | 158.92 ] 162.50 | 164.93 | 167.26 | 168.93 | 173.04
89 90 91 92 93 94 95 96 97 98 99 | 100 | 101 | 102
Ac|Th|Pa| U INp|PulAm|Cm|Bk|Cf |[Es |[Fm |Md|No
227.03 | 232.04 | 231.04 | 238.03 | 237.05 | 239.05 | 241.06 | 247.07 | 249.08 | 251.08 | 254.09 | 257.10 | 258.10 | 255




