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180.1. A plate of brownies is placed at the front of a seminar room crowded with students and faculty
before a seminar. If you carefully watch the plate of brownies you would seem them disappear, right?
At the start there might be 50 of them, after a couple of minutes, 20; after a couple more minutes,
perhaps 10. And as people had their fill (or were conscious of other people watching how many they
took), the plate would slowly approach emptiness. How would you verbally express the rate of
disappearance of the brownies?

180.2. What mathematical expression could be used to discuss the rate of disappearance of the
brownies. HINT: I don't know what the expression is equal to, but I do know the expression for the
rate.

180.3. Imagine the space in a beaker is divided up into a bunch of small compartments and imagine
time divided into a bunch of small increments. Further, there is a finite probability that a given
compartment will have a slight excess of energy in any given time increment. If the compartment has
that excess of energy and contains a molecule, let us suppose reaction occurs. Imagine the rate early in

time when there are lots of reactants is 0.01 mole/sec. What magnitude might it be some time later?

181.1. Exercise 180.3. suggests that the rate of a reaction may be proportional to the concentration of
the reagent,

dX/dt=-kx
Show that the expression for the concentration, X,
X = Xo Exp[-k t]

where X, is the concentration of x at zero time, t = 0, and k is a constant, is consistent with this rate
expression.

181.2. Show that the last equation in exercise 181.1. can be written as
Inx =1n xo =kt

181.3. What will you get if you plot In x versus t according to the equation in 181.2.? How would you
evaluate k from that plot?

182.1. Imagine our divided contained (exercise 180.3.) where in any given time increment there are



certain volumes that contain excess energy to cause reaction. However, in this case assume that for
reaction to take place, you must have not only the energy, but also a molecule of x and a molecule of y.
Assume when the container has a reasonable concentration of x and y, the rate is 0.01 moles/sec. Now,
if the container has a reasonable concentration of x, but is very dilute in y, what is the rate? If very
dilute in x but with a reasonable y, what is the rate? If very dilute in both, what is the rate?

182.2. What is a plausible form for the rate law for the case of exercise 182.1.7
182.3. Here is a suggestion for interpretation of a rate law: The concentrations in the rate law tell you
what has to collide, and the rate constant, k, tells you how much energy has to be present during that
collision, to get reaction. What would a rate law of the form

-dx/dt=k xy
tell you about the reaction mechanism?
182.4. What would the rate law

-dx/dt=kzy
tell you about the reaction mechanism?
183. Here is some kinetic data for a reaction in which the reagent being measured starts out at a
concentration of 0.01 M. Show that the data are consistent with a first order rate law; evaluate k. The
data points are for times 1 to 10 minutes in integer steps: 0.00885, 0.00806, 0.00750, 0.00678,
0.00600, 0.00539, 0.00473, 0.00441, 0.00402, 0.00397
184. Integrate the rate law

- dx/dt =k x?
to find the integrated form of this second-order rate law.
185. Here is some kinetic data for a reaction in which the reagent being measured starts out at a
concentration of 0.01 M. Determine if the data fit best a first-order or a second-order rate law.
Evaluate k. The data points are for times 1 to 41 minutes, every four minutes (i.e., 1, 5, 9, 13, etc):
0.00916, 0.00687, 0.00541, 0.00470, 0.00386, 0.00344, 0.00293, 0.00267, 0.00263, 0.00243, 0.00204.

186. Here is data for the reaction

AXz = AX +1/2X2

time, sec [AX:], M time, sec [AX,], M
0.00 0.0500 8.00 0.0249
2.00 0.0448 10.00 0.0209
6.00 0.0300 20.00 0.0088




Assuming that the amount of AX, left at the end of the reaction is zero, find the rate law and evaluate
the rate constant.

187. A general rate law is
Rate =k [A]"[B]"

187.1. What is the order of the reaction with respect to [A]?
187.2. What is the overall order of the reaction?
187.3. What does this rate law imply mechanistically?

188. A general rate law is
Rate =k [A][B]/[H]

188.1. What is the order of the reaction with respect to [A]?
188.2. What is the order of the reaction with respect to [H']?
188.3. What does this rate law imply mechanistically?

189.1. We have two reactions
A — B and C — D

Both are first order reactions without intermediates. The first has a large rate constant and the second a
small rate constant. Draw reaction coordinate diagrams that illustrate these two reactions.

189.2. Draw the reaction coordinate diagrams if the first reaction (in problem 189.1.) has an
intermediate and the second does not.

189.3. Draw a reaction coordinate diagram for the first reaction (in problem 189.1.) if A is in
equilibrium with another form of A, say A'.

190. Given the Arrhenius equation convince yourself that a reaction with a large E, is more sensitive to
a change in temperature than is one with a small E,. HINT: You could (should?) use calculus, or do it
by brute force with numbers.
191. We imagine a reaction in which the stoichiometry is

X + Y = Products

Show that the differential equation governing the rate of this reaction,

-dx/dt

kxy
1s approximately

_dx/dt = ko x



if yo is more than 20 times Xo.

192.1. Here are some data for the reaction of x with y according to exercise 49. The initial conditions
are: Xo=0.003, yo=0.05. Show the reaction is pseudo-first-order. The x values as a function of time
are given for integral steps of time from 2 to 20 in steps of 2 min: 0.00251, 0.00205, 0.00177, 0.00140,
0.00119, 0.00105, 0.000971, 0.000836, 0.000544, 0.000576.

192.2. For the same reaction in exercise 192.1., but with xo = 0.003, y, = 0.08. Show the reaction is
still pseudo-first-order. The x values as a function of time are given for integral steps of time from 2 to
20 in steps of 2 min: 0.00232, 0.00171, 0.00134, 0.000996, 0.000789, 0.000520, 0.000388, 0.000294,
0.000155, 0.000147.

192.3 For the same reaction in exercise 192.1., but with xo = 0.003, y, = 0.10. Show the reaction is
still pseudo-first-order. The x values as a function of time are given for integral steps of time from 2 to
20 in steps of 2 min: 0.00207, 0.00146, 0.00106, 0.000660, 0.000618, 0.000292, 0.000238, 0.000146,
0.0000645, 0.000190.

192.4. Find the true rate constant for the reaction. HINT: Think about the equations in exercise 191.

193.1. A reaction under pseudo-first-order conditions of H" has ky, as a function of H™ as follows.
What is the order of the reaction with respect to H™?

H* Koto

0.1 1.3x10°
0.2 52x10%
0.5 32x10?

193.2. What is the true rate constant for the reaction in exercise 193.1.?

194.1. A mechanism is made up of a series of uni- or bimolecular steps that are combined
appropriately to give a derived overall rate law which is compared with the observed rate law.
Agreement indicates that the mechanism is OK. Disagreement indicates that the mechanism cannot be
right. A mechanism is elusive. Here is a suggested rate law; what would be the form of the observed
rate law if this mechanism is correct?

X — Products
HINT: In this exercise and those that follow, — indicates a reaction that goes, for practical purposes,
only in the forward direction, whereas = indicates a reaction that goes both ways, with a forward rate
constant of ky, and a reverse of k..

194.2. What is the predicted rate law for the mechanism:

X +Y — Products



194.3. What is the predicted rate law for the mechanism:
X—Z7Z
Z + Y — Products

where k for the first step is much smaller than k for the second.

194.4. What is the predicted rate law for the mechanism of problem 194.3. if k for the first step is
much larger than k for the second. HINT: A little tricky. Be careful.

195. At equilibrium, the rate of the forward reaction is equal to the rate of the reverse. Show that from
this you can derive:

K = k¢k,
where k: is the rate constant for the forward reaction and k. for the reverse.
196. What is the predicted rate law for the mechanism:

X=2Z (1)
Z + Y — Products (2)

where k; << k., but both of them are much greater than k.. HINT: These conditions mean that the
first reaction sets up its equilibrium. Express your answer in terms of that K.

197.1. For process (1) in problem 196., write the equilibrium constant before any Y is introduced into
the reaction system. You might write it in terms of the total x plus z, xr and z, eliminating x from it by
using the stoichiometric relationship x +z = Xr.

197.2. Solve the equation from problem 197.1. for z and use that value to write the rate law for the
overall process in problem 196. Note that under these conditions that xr = X, only at t = 0, and that xr
is a time dependent variable. This system is called “pre-equilibrium” in the mechanistic rate
expression.

198.1. For the process

A = B + F K
B++C—>BCJr kz

where [F] >> ao, so that it can be considered a constant, write the mechanistic rate law in terms of ar,
¢, and [F].

198.2. Another way to deal with situations like that in exercise 198.1. is the steady state
approximation. This says “If the concentration of B" is always small, you can set the time derivative of

this concentration, dB"/dt = 0. For the process

A = B + F kl,k_1



B+ L = BL" k, <<(ki,k,) very slow

set up the steady state approximation on B” by evaluating all paths by which B" appears and disappears,
with their correct signs.

198.3. Solve your answer to problem 198.2. for [B*] and put it into the expression for the formation of
products to get the mechanistic rate law.

199.1. Consider the mechanism
NO(g) + Bra(g) = NOBra(g), ki, k> (reverse)

NOBry(g) +NO(g) = 2NOBr(g) ks, ki=0

First, assume the first reaction is in equilibrium. Justify then that k; and k> are both much greater than
k.

199.2. Let the first step in the mechanism be in equilibrium, but with the equalibrium shifted to the
left. Solve for the rate law.

199.3. What condition on the k's must be true if the concentration of NOBr; is small?

199.4. Now disregard the assumption above and solve the situation for the mechanism of problem
199.1 using the steady state approximation on NOBr.

199.5. Justify how the two derived rate laws are consistent with each other.

200.1. Set up a cell in which Ag is oxidized to Ag" and Co*" is reduced to Co.
200.2. What is the cell reaction?

200.3. What is the cell potential?

200.4. Is this cell reaction spontaneous?

201.1. Setup a cell in which Fe** goes to Fe*" and O, is reduced to water.

201.2. What is the cell reaction?

201.3. What is the cell potential if the [H'] in the O,/H,O compartment is 1.00M?
201.4. What is the cell potential if the [H] in the O,/H,O compartment is 0.010M?

202. Balance the reaction
BH4_1 + ClO3_1 = I{2B()3_1 + CI™!

203. In basic solution, balance the reaction
NO, = NO;' + NO,!



204.1. A cell is constructed with Mn/Mn** on the left and Cd/Cd** on the right. The [Mn*'] = 0.090M
and the [Cd*'] = 0.0060M. What is the cell reaction?

204.2. What is the cell potential?

205. To the Cd cell in problem 204.1. we add enough NacCl to bring the [C]'] to 1.00M. What is the
cell potential after that is done? HINT: The formation constants for CdCl, are: K, =20.9; K, ="7.9.
The following problems are “additional” problems.

206. The uv/visible spectrum of Co(NH;)s** is does not depend upon the concentration of hydrogen ion
in the solution over a range of 0.001 to 2.0 M. On the other hand, that of Fe(CN)s* is very sensitive to
the acidity of the solution. Suggest a reason for these observations.

207.1. It is easy to oxidize Ti(H.O)s*" and hard to oxidize Ni(H,O)s*". Give a plausible explanation.

207.2. The complexes Co(en);*" and Co(CN)¢* are easy and hard to reduce, respectively. Give a
plausible explanation. HINT: It would be nice to know what en was!

207.3. Cr(NH;)¢*" is a more powerful reducing agent than is Cr(H,O)s*". Comment.

208. Show how the sodium ion in solid NaCl is in an octahedral environment.

209.1. What is the electronic configuration of a Cr atom?

209.2. What is the electronic configuration of a Cr(II) ion in an (high spin) octahedral environment?

209.3. The Jahn-Teller theorem says: “A (non-linear) molecule in a degenerate electronic state must
distort to remove the degeneracy.” Would an octahedral Cr(II) ion distort?

209.4. Would a (high spin) octahedral Mn(II) ion distort?

210. Consider a square planar transition metal complex. Show that the most unstable d orbital within
the crystal field model is dyw.» if the x and y axes go through the ligands, but is dx, if these axes go
through the edges of the square.

211.1. Imagine that you have a metal containing compound in which the ground state has an electron
in an orbital that is essentially non-bonding between the metal and the ligands. What do you predict
will be the effect of removing that electron on the metal-ligand bond distance?

211.2. Imagine the same compound as in exercise 211.1. whose excited electronic state populates an
orbital that is more antibonding (against bonding) between the metal and the ligands. What would you
expect would be the effect of putting an electron into this orbital?

211.3. Which state, the ground or excited, would you expect to have the longest bond length?

212. Imagine that you have a compound in which the ground and excited electronic states differ in the
location of an electron, but that electron is in a non-bonding orbital in each. What would you predict is



the relationship between the bond distances in the two states?

213. In the world of small objects, such as electrons and molecules, the energies of all bounded

systems are quantized. This is true of the rotation of a molecule about its center of mass. The spacing
between the energy levels in rotational motion depends on the moment of inertia of the molecule about
each of three cartesian axes. The moment of inertia is defined:

L = Z m; I‘i2

where m; is the mass of atom 1 and r; is the distance from the x axes. Similar equations hold for I, and
I,. Consider the water molecule and let the z axis be through the oxygen atom and bisect the

H-O-H angle. If the O-H bond is 0.957A and the H-O-H angle is 104.5°, find the moment of inertia
about the z axis. HINT: Your answer can be in units of kg A2, but should NOT be in units of “per

mole.”

214.1. What is the Lewis structure of HCN? What does VSEPR predict for the geometry of this

molecule?

214.2. There is another isomer of HCN that has the form HNC. Draw the Lewis structure. Which
isomer do you predict is most stable?

214.3. In contrast to HNC (see 214.2.) there is evidence from rotational spectra that the analogue with
C replaced with Si and N with P has the form HPSi with an H-P-Si angle of 60°. This is presumably
because P and Si are much more reluctant to form double or triple bonds than are C and N. This
structure was assigned on the basis of fitting experimental I values (see 213.) derived from the spectra
with those calculated based on structure. In the table are the X, y, and z coordinates of the three atoms
in HPSi for the observed structure. Calculate the three I values and compare them with the
experimental values of 61.5539, 1.662, and 63.221 g A%/mole about the x, y, and z axes, respectively.

Atom

X y z

H -1.2733 -0.2340 0.0000
P 0.0218 -0.9667 0.0000
Si 0.0218 1.0787 0.0000

214.4. To show how sensitive this method can be, here are the coordinates for a HPSi molecule with
the same bond distances, but with the H-P-Si angle increased by 10° to 70.5°. Calculate the three I
values for this structure and compare with the observed values.

Atom X y z
H -1.37907 -0.46604 0.0000
P 0.02358 -0.96274 0.0000
Si 0.02358 1.08266 0.0000

214.5. Look at the difference between the two structures in 214.3. and 214.4. and be sure you see why
their I values differ. HINT: It is the ratio of I« for one structure versus that for another that is critical.




215.1. A molecule with formula N,O has two possible arrangements of atoms, NNO and NON. Give
the Lewis structure of each.

215.2. Which of the two from exercise 22.0.6. 1s most stable?

216. Order the following in terms of increasing basicity; give a reason for your ordering: OCl,
ClOy, ClOs.

217. For each pair of substances, indicate the one that you think will absorb light at the lowest
wavelength (in the visible region of the spectrum) and briefly indicate the reasoning

for your answer.

217.1. Cr(NH3)¢** or CrFs"

217.2. MoFs" or MoF¢*

217.3. Cu(H,0)¢** or  Ni(H,0)&*" (Be careful!)

217.4. Fe(CN)s(H,0)*  or Fe(CN)s(NH;)*

217.5. Fe(CN)s* in 10° M H" or Fe(CN)s* in 10" M H*

218.1. Give the Lewis structure for SFsCL.

218.2. Is this compound likely to be stable enough to isolate “and bottle”? Why or why not?

218.3. Give the symmetry operations present in SFsCL.

218.4. Complete the following sentence. “An S-F stretch (a stretch that is a combination of various S-
F bonds either stretching or compressing) is allowed in the infrared spectrum if

2

219. The following graphs are for a parve on a pole. Which represents a parve with the greatest
energy? Why?
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221. Give the radial probability distribution forn=2,1=1, m = 0. Label your axes.
222. Give the angular wave function for the quantum numbers n =3, 1=2, m = xy. Label your axes.

223. A somewhat sneaky question; be careful. Show what the radial wave function for a 2p, orbital
looks like when the direction of the radial vector is NOT random, but rather points along the x axis.

224.1.(10) We imagine a reaction in which the stoichiometry is
X + Y = Products
Show that the differential equation governing the rate of this reaction,
d[X]/dt = k [X][Y]
is approximately
d[X]/dt = Ky [X]
if [Y]o is more than 20 times [X]o (wWhere the sub-zero things are the initial concentrations).

224.2. If ke (for a reaction with potentially a different rate law than problem 224.1.) is
1.35x 10* sec” fora [Y]oof 0.12 M; 1.68 x 10 sec™ fora [Y]o of 0.15 M; and 3.15 x 10* sec”' for a
[Y]o of 0.28 M, what is the value of the true rate constant for this reaction?



225. What lattice energy factors favor the reaction
CaCOs(s) = CaO(s) + COx(g)

taking place to the right? Which hinder it? HINT: This kind of complicated process should be broken
down into simpler steps taking advantage of Hess' law.

226. Predict which of the following ionization processes would require the most energy. Give your
reasoning and be complete.

N [He] 2s? 2p? 3s' (with a total spin of 3/2) going to N* [He] 2s* 2p* (spin= 1)
O [He] 2s* 2p® 3s' (with a total spin of 2) going to O' [He] 2s? 2p* (spin = 3/2)
227. Find the rate law in terms of the total Fe(III) for the reaction scheme:
Fe(H,0)¢" + Cl" = Fe(H,0)sCl**  fast equilibrium, K
Fe(H,0)sCI** + Cr(H.O)s** -- Fe*'(aq) + CrCI*" Kk
where K is the equilibrium constant for the formation of Fe(H,O)sCI*".
228. What does it mean (mechanistically) if we observe a rate law independent of [CI']?
229. Sketch (by giving the number of particles in each level) the predominant configuration for the
system of energy levels (the levels are equally spaced with the lowest level having zero energy and are
spaced with unit energy) given below with about 150 particles and about 60 units of energy. HINT:

Don't waste time! I really mean ABOUT in both instances; you could be off by 30 particles and 20
units of energy and I would be OK with it.
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230. Consider a new system of quantum levels, given below, where the spacing is two units of energy,
labeled “g” for ground (which has zero energy), “a” for the first excited (which has two units of
energy), “b” for the second excited (which has four units of energy). How does the ratio of n./n, in this

case compare to n»/ny in the first case if the temperature is the same? Show your reasoning.
b



231. The reaction to produce formaldehyde:
Hx(g) + CO(g) = HCO(g)

has, at T =25°C, AH® = 1.96 kJ/mole and AS° = -109 J/(mole K). Find the change in entropy of the
surroundings when one mole of formaldehyde is produced at 25°C.

232. The change in enthalpy is

233. Name five things that AG is.

234. The S° at 298K of gaseous F, is 48.6 cal/(mole K); that of gaseous F atoms is 37.9 cal/(mole K).
Comment (intelligently) on the difference.

235. The following are the free energies of formation of the indicated species at 298K.

Species AG®t (kcal/mole)

H'(aq) 0.00
HNO:(aq) -12.82
NOx'(aq) -8.25

236.1. Find AG?® for the reaction (in water)
HNO, = H" + NOy

236.2. The concentrations are: HNO, =0.010 M, H" = 0.0010 M, and NO, =0.015 M. Is the
reaction in 236.1. spontaneous to the right at 298K? Show your logic.

237. Cr(II) ions substituted for AI(III) ions in a crystal of AL,Os create the gemstone ruby. For our
purposes, we can consider the site to be octahedral. We are concerned in this problem with the two
lowest energy visible transitions in ruby. The lowest energy one occurs at about 670 nm (and is very,
very weak, with a molar absorptivity of about 0.1 M cm™). The next lowest one occurs at about 580
nm and is weak (¢ of about 10 M ¢cm ). The emission of light from ruby occurs at 670 nm,
independent of whether the exciting light has a wavelength of 670 or 580 nm. When Cr(IlI) is placed
in an environment of ammonia, the complex Cr(NH;)s*" forms which has absorption peaks at 670 nm
and 470 nm.

237.1. The orbitals involved in the transition at 580 nm in ruby and 470 nm in the ammonia compound
are the same. Identify those orbitals and account for the difference in the two energy gaps.

237.2. What meaning can you attribute to the lack of a Stokes shift in ruby when it is excited at 670
nm (and emits at the same wavelength)?

237.3. Can you identify the electronic change that occurs upon excitation at 670 nm in ruby and
Cr(NH;)s*"? Give your reasoning. HINT: More than orbital position influences the energy of an
electron.



238.1. Benzene has a normal boiling point at 80.1°C. The entropy of vaporization is 85 J/(K mole).
Find the enthalpy of vaporization.

238.2. What is the change in entropy of the surroundings when benzene vaporizes at 80.1°C?
238.3. What is the change in entropy of the universe at 80.1°C?

238.4. What is the change in entropy of the universe if benzene vaporizes to gaseous benzene at a
pressure of 1 atm at 75.0°C?

238.5. What is the change in entropy of the universe if benzene vaporizes to gaseous benzene at a
pressure of 1 atm at 175.0°C?

239. Cr(CO)s is colorless to the eye (has a absorbance peak at 338 nm), Cr(NH;)¢>" is orange (peak at
465 nm), and Cr(H,O)s*" is blue (peak at 575 nm). Explain.

240. The solubility of CaF(s) is enhanced in the presence of aqueous HCl. Write the “n equations in n
unknowns” that are needed to solve this problem if excess solid CaF, is placed in 1.00 L of a solution
0f 0.10 M HCI. You do not have to obtain a numerical solution; in fact, you should not. HINT: HF is
a weak acid. HCl is a very strong acid: there are NO HCI molecules in a solution of HCI in water.

241. The great natural philosopher of rural Arkansas, Boniface Beebe wrote of his many adventures in
the world of chemistry in his autobiography, “Life in a Beaker,” Jones Brothers Farm Supply Company,
Searcy, AR, 1876. In that work, Bonnie describes an experiment he planned in order to synthesize
CIFs(g) from Clx(g) and Fx(g). He writes “I will need 0.27 g of difluorine to react with 0.0994 g of
CL.” Then he rubbed the stubble of his beard and muttered: “I will surely need to warm this up since I
have to break the bonds holding the fluorine atoms together in F, and the chlorine atoms together in
CL. Since I don't want to wait too long, I will do the reaction at 600K.” His young co-worker,
Amanda asked, “Are you sure you want to heat the reaction that high?” Bonnie replied, “Of course,
what harm can it do? Let's get it over with!”

241.1. Is Bonnie correct about the quantities of material that he needs?
241.2. Is Bonnie's reasoning about temperature correct? Comment on Amanda's concern.

242. Circle the material with the highest ionization energy and briefly state why your conclusion is
valid.

242.1. Na Rb
2422. N O
242.3. Ne Na®
2424. 0O, O
242.5. N, N

242.6. Mg Al



243.1. Make an m.o. energy level diagram for NO". Ignore the 1s and 2s electrons on both the N and
the O. Label your m.o. with their bonding type and put in the appropriate number of electrons.

243.2. From your diagram in 243.1., explain why the N-O bond length in NO" is 1.06A whereas that in
neutral NO is 1.15A.

244. In each set indicate the species that is the stronger acid and give a brief justification for your
answer.

244.1. CH;CH,CH; CH,C(O)CHs
244.2. Na(H,0)s' Ce(H,0)s"
244.3. CH;C(0)OH CH,CH,OH
244.4. CH, OH,

245. The free energy of hydration of Na*, AG®, which is the free energy change for the process

Na'(g) + H,O(liquid) = Na'(aq)
is known to be -375 kJ/mole. Imagine that you know the lattice energy (and lattice free energy) of
NaCl(s) as well as the free energy change when NaCl(s) dissolves in water. How would you calculate
the free energy of hydration of CI"? Be specific. HINT: This problem is asking you how you WOULD
do it, not asking you TO DO it; a numerical answer is NOT expected.
246.1. An acid , HA, has a pK, of 4.0. It dissociates according to the equilibrium

HA = H + A

Write an analytical expression for the fraction of the acid in the form of HA as a function of the [H"].
That is, evaluate [HAJ/([A] + [HA])).

246.2. At what [H'] does [A]= [HA]?

247.1. Henry's Law gives the solubility of a gas (in moles/Liter) as a function of the pressure of the
gas:

S=kP

where S is the solubility, k is a constant, and P is the pressure. For Ar, k= 1.5 x 10° M/atm at 293 K in
water. What is AG® for the reaction:

Ar (g, P=1atm) = Ar (aq)
at 293 K?

247.2. What is AG for the process in 247.1. if the pressure of Ar is 0.1 atm and [Ar(aq)] = 1 x 102 M at
293 K in water?



247.3. Will the reaction conditions expressed in 247.2. cause a spontaneous reaction to the right?

248.1. Find the solubility of (M of Pb*" ions) of solid PbL, in a solution of Nal (0.01M). K, of Pbl, is
1.4 x 10®. HINT: Partial credit for x equations and x unknowns; and intelligent guess(es).

248.2. “My answer to 248.1. is exact.” or “..isan approximation.”

248.3. If you checked “an approximation, your erroris <1 %
> 1%but<2%
> 2%but <5%

OR

“I don't know how to figure out the error, but it occurs because I guessed
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249.1. You have two atoms, A and B; the internuclear axis is z. Which of the following have non-zero
overlap?

249.1. A, p. B, p. Yes, non-zero _______ No, zero.
249.2. A, p. B, px Yes, non-zero ________ No, zero.
2493. A, s B, px Yes, non-zero ________ No, zero.
249.4. A, dy B, doy Yes, non-zero _______ No, zero.
249.5. A, doyp B, d» Yes, non-zero _______ No, zero.

250.1. Build an m.o. diagram for SiC. Ignore s/p mixing.

250.2. Would it be fair to say that SiC is double bonded? Explain.

250.3. Does your model predict that SiC is diamagnetic or paramagnetic. Explain.

250.4. Sketch the most stable m.o. in SiC according to your diagram.

251. Determine which of each of the following is true.

251.1. The greatest entropy: one mole of Cu(s, T=298K) or one mole of Cu(g, T=298K)

251.2. The largest (absolute magnitude) entropy change of the surroundings: when one mole of
solid Ba melts at 300K or  one mole of solid Ba melts at 400K.

251.3. The sign of the entropy change in 251.2.:  postive  or negative



251.4. The entropy ofagasatP= 2atm.  or P = 0.02 atm.
251.5. The entropy (at the same pressure and temperature) of Xe  or He
251.6. Give the reason for your conclusion to problem 251.5.
252. The E°i; values for the following reactions are given:

COx(g) + 2H" (aq) +2¢ = CO(g) + H,O() -0.1038

Cu(CN)(s) + e = Cu(s) + CN(aq) -0.639
What is the potential of the cell:
Pt | COx(g, P=0.1 atm), CO(g, P=0.001 atm), H"(0.01 M) || CN*(0.1 M) CuCN(s) | Cu
253. The reaction of compound A with B ( 2A + B = C ) has a rate law:

-dA/dt = kA*B/H"
Suggest a mechanism. Indicate any substance whose concentration is never large. HINTS: Good
mechanisms seldom have more than two substances colliding at once. The sum of your mechanistic
steps should equal the stoichiometric equation.
254. Find the solubility (moles of compound that dissolve per liter of solution) of Pb(BrOs), in a
solution that is 0.15 M in NaBrOs. The K, of Pb(BrOs),is 7.9 x 10°.
HINT: You may neglect H" and OH in this system because they are equal in concentration.
255. The great natural philosopher of rural Arkansas, Boniface Beebe, was musing about enthalpy. He
said to his young co-worker, Debra, “I know of reactions with positive AH® and others with negative
AH°. What I would like to do is to list all those liquids whose enthalpy of vaporization is negative.”
Debra shook her head slightly and laughed. “Impossible,” she said to herself. She watched as Bonnie
paged through a list of enthalpies of vaporization, muttering to himself. Explain Debra's reasoning
using thermodynamic reasoning, not a bonding model.
256. The N-F bond in NF is 1.299 A in length; in NF*, itis 1.180 A. Explain.
257.1. How do the quantum levels for a parve on a pole depend on the mass of the parve?

257.2. How do the quantum levels for a parve on a pole depend on the length of pole?

258. Circle the material with the highest ionization energy and briefly state why your conclusion is
valid.

258.1. O S
258.2. Be B

258.3. C N



2584. O 0]
258.5. N, N
259.1. Hypervalent compounds (those that exceed the octet in a Lewis model) are

stable when

259.2. IF; is a simple hypervalent compound. Describe the bonding using only p orbitals on the I and
only pi, on the F's.

260. The E-E bond energies (E not H) in C.He, N>,Ha4, H,O,, and F; are 345, ~167, ~142, and 155
kJ/mole, respectively. Many textbooks claim this is because of repulsion of lone pair electrons for each

other. Comment.

261. The allyl anion, CH,CHCHj5 is isoelectronic with ozone. Draw a Lewis structure of this material.
Be complete.

262.1. How many angular nodes does a 3d,, wave function have?
262.2. Describe the surface that defines these node(s).
262.3. Do the same for a 3d,, (that subscript is a “z squared”) wave function.

262.4. What is the relationship between the number of angular nodes and the £ quantum number?
Bring in angular pictures of other wave functions if necessary to prove your argument.

263.1. Build an molecular orbital (mo) diagram for linear Hy™; place the appropriate number of
electrons in the mo's.

263.2. Is the central atom or an external atom more negative? Explain.

263.3. How many bonds (that is the number of pairs of bonding electrons) hold the two external atoms
to the central atom? Explain.

264. The heat of formation of Si0(s) 1s -910.94 kJ/mole and that of liquid water is -285.83 kJ/mole.
The enthalpy change for the reaction

SiHa(g) + 204(g) = SiOx(s) + 2H,O(1)
is -379 kJ when 8.02 g of SiH, is burned. Find the enthalpy of formation of SiHi(g) in kJ/mole.

265. Account for the fact that the absolute entropy of H, at low temperature is more positive than the
entropy of atomic He at the same temperature.

266. You have a set of equally spaced energy levels, the lowest of which has zero units of energy and
each energy level gap is one unit. Imagine twelve particles in this set of energy levels. Find the
configuration that is most probable for a system with a total of two units of energy.



267.1. Consider the compounds V(H,0)s* and Cr(H,O)s**. Based on periodic position, which
compound would you expect to be the best reducing agent? Briefly explain. HINT: A reducing agent
gives up an electron.

267.2. The molecular orbital diagrams (constructed using an assumed octahedral symmetry with the
appropriate names of the symmetry of the orbitals, as indicated) of these two compounds are as shown
below and on the next page. (In constructing this diagram it is assumed that the metal ions have only d
electrons and that water has only one orbital, pointing toward the metal.) HINT: The name e, refers to
a pair of degenerate orbitals. The names t,, and t,, refer to sets of three degenerate orbitals.
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Note in this second case the t,, and 2¢, levels are close enough together than electrons prefer to stay




with parallel spin even though the last electron has to occupy a higher energy orbital.
Question: Describe the nature of the bonding of the t», orbitals. Briefly explain your answer.
267.3. Cr(H,O)s*" is a more powerful reducing agent than V(H,O)s*". Briefly explain.
268.1. A measurement of the pressure of Cs(g) above Cs(s) was made at 500 K (3.29 x 107 atm) and at
1000 K (1.85 x 10 atm). Obtain an approximation for the enthalpy for the process given. HINT: R is
8.31 J/(mole K) or 1.98 cal/(mole K)

Cs(s) = Cs(g)

268.2. Why is your answer only an approximation?

269. The entropy of CCly is about 210 J/(mole K) at 65°C, 214 J/(mole K) at 75°C, but is 309 J/(mole
K) at 80°C. Explain these data.

270. Consider the reaction
CSx(1) = CSx(g)
for which AH® = 6.55 kcal/mol and AS° = 20.7 cal/(mol K).

270.1. If the pressure of CSx(g) 1s 0.92 atm, which direction is the reaction spontaneous? HINT: R is
1.98 cal/(mole K)

270.2. How about a pressure of 0.33 atm?

271. Use a crystal field model to predict how p orbitals would split in a square planar field of negative
ligands.

272. Mn*'(aq) is a very, very pale pink color (¢ less than 1 M cm™). Mn(CN)* is a deep red ( € about
20 M cm™). Account for the difference.

273. The spectrochemical series is a list that defines how big 10Dq or A is for a given metal ion as the
ligand is changed. The series is

I'<Br <CI'<F <H,O <NH; <CN
273.1. What “periodic table pattern” is in this series?
273.2. Where would you anticipate H,S would fit?
273.3. Where would you anticipate NCS™ would fit if it is N bonded?

273.4. Where would you anticipate NCS™ would fit if it is sulfur bonded?



273.5. A compound of formula Cr(NCS)¢* is made. If you had information about the spectra of
Cr(NH;)¢" and Cr(H,0)s**, could you determine if the synthesized compound was S bonded or N
bonded? Explain.

274. The decomposition of H.O» to water and dioxygen has a first order rate law (with respect to
hydrogen peroxide) with k = 0.041 min™. If the initial concentration of H,O, = 0.20 M, what is the
concentration after 10 minutes?
275. Inside a typical muscle cell the [K'] is 0.15M. The [K'] outside such a cell is 0.005 M. Calculate
the free energy change for movement of potassium ion from inside the cell to outside at these
concentrations (but express your result in kJ/mole).
276.1. Write a rate law for the mechanism

Fe2+ + T13+ = ];'_“633+ + le+ k1, kz

Fe** + TI* = Fe** + TI' ks, 0
where the [TI*'] never becomes large.
276.2. Draw a reaction profile for the reaction in problem 276.1. State any assumptions you make.
277. Predict the structure of ICL".
278. The ionization energy of Rb from the configuration [Kr]5s' is 4.18 eV, whereas the ionization
energy from the [Kr]5p' configuration is 2.60 eV, from the [Kr]5d', 0.99 eV, from the [Kr]5f', 0.55 eV,
and from the [Kr]5g' configuration is 0.54 eV. Compare these values with the values from the possible
configurations of a hydrogen atom with n = 5. Account for all differences and all similarities. HINT:

The ionization energy of a hydrogen atom is given by 13.59/n* in V.

279. A solution contains formic acid, HC(O)OH, at 0.001 M, H" at 1.2 x 10° M, and formate ion at 3.6
x 10° M. What is AG for the reaction:

HC(O)OH = HC(O)O" + H'
at T=298 K? K, for formic acid is 1.8 x 10™.
280.1. Consider I5, a linear molecule. Imagine the axis of the molecule is the z axis. Considering just
the p, orbitals on each I, build a m.o. diagram. HINT: (1) Three orbitals in, three out. (2) This is a
four electron problem.
280.2. Describe the bonding in this molecule.

280.3. What justification can you give for ignoring the px and p, orbitals?

281. Find the [H'] in a solution that is 1.0 x 10® M in HCI.



282. What ions are formed in solution when each of the following solids is dissolved in a polar
solvent?
a. NaCl b. LaCl; c. CslF,

d. MgSO; e. AgCl f. CH:CH,OH
282. What color of light is absorbed by a yellow solution of CrO4* ion?
283. We perceive milk and water as very different. How would you describe how they differ?

284. Dinner experiment. Take some salt and make a reasonably concentrated solution of it in water—
you need less than 1 mL. Now add a drop or two of that salt solution to about 1 or 2 mL of pure water
and observe carefully. What do you see? Speculate about why it occurs

285. A mass of 0.754 g of CoCl,6H,0 is placed in a 25.0 mL volumetric flask which is then filled to
the mark with dilute HCI. A sample of 7.0 mL is removed, diluted to 100.0 mL, placed in a 10.0 cm
spectrophotometer cell, and the absorbance of the pale pink solution is recorded as 0.479 at - = 530 nm.
What is the molar absorptivity of the Co*'(aq) ion at 530 nm? What is the molar absorptivity at 453
nm?

286. If some of the solution in the 100 mL flask of the last problem is treated with KNCS (where NCS-
is the anion of the salt) and then with acetone, CsHsO--draw the Lewis structure--the solution turns
deep blue. Guess a reason.

287. Light of 185 nm ionizes an element in the gas phase. What is the ionization energy of the
element? Light of 175 nm or less is necessary to ionize a second element in the gas phase. (Light of
>175 nm does not ionize it.) What is the IE of the element?

288. Determine the highest and lowest IE in each set by thinking about the periodic table (not by
looking up the values).

a. Li, Na, and Be b. C, Si,and N

c. F,P,and S d. O, Te, and Se

e. Ne', Na’, and O* f. 0%, 0, and F

289. How would you expect the radius of an atom to depend upon the periodic position of that atom?
Why?

290. How would you expect the radius of a mononegative ion to depend on periodic position. A
monopositive one? What would you expect for the radius of a dinegative ion compared to the
corresponding mononegative one? A dipositive ion relative to the same element as a monopositive ion.

291. Arrange these ions in order of decreasing ionic radius without looking at tables of ionic radii: P*,
N*, CI, In*", S*.

292. Using the hard charged spherical model for the formation of a gas phase heteroatomic dimer,
which process is energetically more favorable? Why?

Na'(g) + Br(g) = NaBr(g)
Na'(g) + O(g) = NaO(g)



293. Which process is energetically most likely? Why?

Li(g) + NaO(g) = Li'(g) + NaO<(g)
Cs(g) + NaO(g) = Cs'(g) + NaO<(g)
Cs(g) + NaBr(g) = Cs'(g) + NaBr(g)

294. Use the Born-Haber cycle to compute the lattice energy of KCl. HINT: Treat AH as if it were an
energy and use the AH® tables. If you don’t know how to do that, ask me, one of your classmates, or
someone else.
295. For each set, which would have the largest lattice energy? Why?

a. NaF or MgO b. NaF or CsCl

c. CsF or Lil d. ScCl; or CoF;

296. One might use CaO(s) to trap SO»(g) out of the flue gases from a coal burning plant according to
the reaction

CaO(s) + SOy(g) = CaSOs(s)
From an energetic point of view, would it be better to use CaO or MgO?

297. Fluorocarbons are useful chemicals in modern society. One way to make a fluorocarbon is via the
reaction

NaF(s) + org-Cl = NaCl(s) + org-F

where org stands for some organic (i.e., C, H) fragment. Would it be better (from an energetic point of
view) to use NaF or CsF?

298. Kapustinskii developed a set of “thermochemical” radii for polyatomic anions by fixing the
“radius” of each such that his equation and a Born-Haber analysis of the lattice energy gave the same
answer. If the Born-Haber lattice energy of KN; (sodium azide, where the anion is N-N-N") is 686
kJ/mole, what is the Kapustinskii radius of the azide ion?

299. Find the solubility of AgBr in water. Ky, = 5.4 x 107",

300. Find the solubility of PbCl, in water. Ky, = 1.7 x 10°. Be very careful with the charge balance
equation, which counts charge, not atoms.

301. Find the solubility of PbCl; in a solution that is 0.1 M in MgCl,.

302. Find the pH of a solution prepared by adding 1.0 moles of HNO; to a liter of water. K, of HNO,
is 4.6 x 10

303. Find the pH of a solution prepared by adding 0.00010 moles of HNO; to a liter of water. K, of
HNO, is 4.6 x 10,



304. Draw Lewis structures for each of the following:

a. C,Hg b. C,HsOH c. CO* d. SO;
e. SBry f. O3 g. NOy h. CsHs (6 C ring)
1. CO, j. BH; k. CH;C(O)OH l. N5

305. Draw a VSEPR structure for each compound in problem 23.
306. Make a guess as to the acidity of H,O,. Justify your value.

307. In a combustion analysis of a compound, 0.922 g was found to produce 2.618 g of CO, and 0.453
g of NO,. Hydrogen is the only other element in the compound. Find the empirical formula.

308. Boniface Beebe made a series of solutions of compound A are made with concentrations of
0.000503, 0.00104, 0.00156, 0.00254, 0.00351, 0.00387, and 0.00548 M. He measured the
absorbancies in a one cm cell are found to be 0.167, 0.353, 0.533, 0.868, 2.315,1.322, and 1.863,
respectively. Find the molar absorptivity. HINT: These are real data, measured by Bonnie, and
therefore subject to real errors; exercise judgement.

309. Two compounds, A and B, are in a solution. A has molar absorbtivities of 340 and 187 at 500 and
400 nm, respectively. B has molar absorbtivities of 187 and 2056 at those same wavelengths. The
absorbancies of a mixture of A and B at these same wavelengths are 1.121 and 1.256. Find the
concentrations of A and B in the solution.

310. How many grams of Zn are required to completely reduce 0.105 g of KMnO4 to Mn*" in the
presence of excess HCI?

311. In each of the following pairs, indicate the species with the highest ionization energy.
311.1. Na or Rb

311.2. Ne or Cl

311.3. C or Si

3114. B or N

311.5. Na" or Ne'

311.6. Si** or AI**

312. Will the process given below take place with a release or consumption of energy? Show your
reasoning.

Lil(s) + RbF(s) = LiF(s) + RbI(s)



313. In liquid XeFs, RbF reacts with the solvent to form crystalline (Rb")(XeF). If LiF is used
instead, one obtains (Li*)(XeFs*). Explain. HINT: Consider the decomposition

2(M+)(X€F7_) = (M+)2(X€F82_) + XeFs
314. The pK, of 4-hydroxypyridine is 10.80. What is the pH of a 0.0250 M solution of this material?

315. Pentanoic acid, CsHyC(O)OH has a pK., of 4.84. What is the pH of a solution made from 0.35
moles of pentanoic acid dissolved in a liter of water? If 0.30 moles of sodium pentanoate, C4sHoC(O)O
Na' is added to the solution, what is the pH. HINT: This is a classic buffer solution, made up of an
acid and its conjugate base. A good approximation in our equations is to let both [H"] and [OH"] go to
zero. What is the pH if 100 mL of this solution is treated with 100 mL 0.15 M HCI.

316. A tenth of a mole of CH;NH, is placed in one liter of water. Find the [H']. The K, for CH;NH,"
is 1.91 x 10", How would you have done this problem if I gave you the K;, of CH;NH,?

317. A solution is prepared by mixing 0.1 moles of NaH,PO, and 0.1 moles of Na,HPO, and adding
sufficient water to bring the volume to 1.00 L. What is the pH? The three acid dissociation constants
for H;PO4 are K. = 7.52x107, Ko = 6.23x10°%, and K3 = 2.2x10°°.

318. Is CO; in the presence of water an acid or a base? What would happen to the pH of the oceans if
excessive CO, is produced by human activity? Show your reasoning.

319. The K, of AgCl is 1.6x10"° and that of PbCl, is 2.4x10*. Imagine we start with a solution that is
0.10 M in silver ions and 0.10 M in lead ions. Is there an amount of NaCl that can be added to a liter of
solution (assume no dilution effects) to precipitate almost all of the silver ion and leave all the lead ion
in solution? What is it? What is the [Ag"] under these conditions?

320. Determine the amounts of acid and sodium salt of the corresponding anion that should be added
to prepare a buffer at a pH of 3.82. Use 0.1 moles of the sodium salt per liter of solution. The two
acids are acetoacetic acid, K, = 2.62 x 10* and p-chlorocinnamic acid, K, = 3.89 x 10°. Compute the
change in pH when 0.01 moles of HCl is added.

321. Draw skeletal structures for at least two isomers of each of the following: C;H4, C;HsO5, C4Hs0,
C6H4(OH)2, CsHes, CsHio.

322. Use VESPR to predict the structure of each of the following. You should draw the appropriate
sketch around at least one important atom and indicate with words what the environment around other
atoms is like--i.e., “tetrahedral,” “trigonal planar,” “trigonal pyramidal,” etc. NH;, NH,OH, (CHjs),0,
PFs, SO;, SF,.

323. Nitromethane, CH;NH,, is a reasonably strong acid (pK. about 10). What is a reason for this?
324. One mole of fluoroacetic acid, FCH,C(O)OH is dissolved in a liter of water. It is found that this
material is 5% ionized under these conditions. Draw Lewis structures of the acid and its anion, and

compute the pK, of fluoroacetic acid. Why is fluoroacetic acid much more acidic than acetic acid?

325. Draw the Lewis structures for HF, CH4, and CH5;". Now write the (balanced) reaction in which HF
loses a proton (H") to form fluoride ion. Do the same thing for CH, (to form H" and CH;3"). Which of



these reactions proceeds to the right most readily? That is, which reaction has the smallest positive
energy? Give your reasoning. HINT: You are answering the question, which is the strongest acid, HF
or methane, and why?

326. Consider H>S and H>SO;. Predict which is the strongest acid. HINTS: 1. You can look up the
answer if you wish, but [ want the reasoning, not the answer.

327. The allyl cation, CH,=CHCH.", where the positive charge is on the right hand carbon and there is
a double bond as indicated, is considerably more stable (relative to CH,=CHCHj3) than
CH,=CHCH,CH," (where the positive charge is again on the right hand carbon atom and the double
bond is as indicated) is (relative to CH,=CHCH,CH3). Use Lewis structures to suggest a reason.
HINTS: Be sure you understand the question. Since these species are carbon cations, they will not
obey the octet rule. Pictures are always helpful.

328. A gas is found to have a density of 5.97 mg/mL at a pressure of one atm and temperature of 298K.
What is the molecular weight of the gas?

329. Draw Lewis structures of SF¢, SF,4, and SF,.

330. Draw Lewis structures and use VSEPR to assign structures to NO,’, NO,", and then NO,. HINT:
The last will not obey the octet rule.

331. Describe a gas in terms of the behavior of individual particles. What does the temperature of a
gas represent in terms of individual particles?

332. Although the universe is rich in He, the amount on the earth is relatively rare. Account for this
behavior.

333. A piece of Zn at 20.0°C that weighs 60.0 g is placed in 200.0 g of water at 100.0°C. The specific
heat capacity of Zn is 0.389 J K' g, and that of water (at 100°C) is 4.22 J K! g"!. Calculate the final
temperature.

334. Ammonia, NH3 in aqueous solution produces two ions:
NHs(aq) = NHs'(aq) + OH(aq)

If we put 1.0 moles of NH3 in 1.0 L of water and find the pH is 11.623, what is the equilibrium constant
for the reaction above?

335. Why is HCI a strong acid while HNj is a weak one? HINT: I think you can find a reason for this
statement and a reason against it. Stating both and then arguing that one is more important than
another makes a much more elegant answer.

336. Oxygen difluoride, OF,, is bent whereas CO, is linear. Use the Lewis structures/VSEPR to show
why this is true.

337. Guanidine, CN;Hs, which has three nitrogen atoms attached to the central carbon atom, is a much
stronger base (reacts efficiently with H") than is ethyl amine, C;HsNH,. Give a justification using
Lewis structures.



338. The equilibrium constant for the reaction

Hax(g) + L(g) = 2HI(g)

is 50.5 at 448° C. Will reaction proceed to the left or to the right if the concentrations are [H,] = 3.00
M; [I2] = 0.3 M; [HI] = 1.05 M at this temperature?

339. Which is the strongest acid, CH,=CH-CHj3 or CH,=CH-CH,-CH; where the underlined H is the
one that comes off.

340. When 0.125 g of C¢Hi2, cyclohexane (draw the Lewis structure in skeletal form) is burned in
excess O in a vessel immersed in 10,000.0 g of water at 20.00°C, it is found that the temperature of the
water increases to 20.14°C. What is the heat of combustion of cyclohexane in kJ per mole? Pay
attention to sign.

341.1. Imagine a set of billiard balls rolling around on a table with random speeds distributed among
them (and with any individual ball’s speed changing due to collisions). These are magic billiard balls,
which can take up energy from a collision and store it internally. But they can do this only if the
energy of the collision is sufficiently high. When the billiard balls are moving gently on the table, is it
likely that any given collision will be able to excite the internal energy of the ball? What happens if the
average velocity on the table increases?

341.2. We have the same situation as 341.1., but the billiard balls now have two different methods of
storing internal energy. One method, call it A, requires a minimum energy of x; the second, call it B,
requires 10x. As temperature is increased (what does he mean by that?) which internal system, A or B,
becomes activated first? If a given amount of heat is added to the table (what does he mean by that?)
does it go entirely to translational energy? If not, why not? What can you say about the change in
translational energy as heat is added at low temperatures? At high temperatures?

342. The enthalpy of combustion of benzoic acid, CsHsC(O)OH, is -3227 kJ/mole. When 1.236 g of
benzoic acid is burned in a calorimeter, the temperature increases by 2.345°C. Write a balanced

equation. What is the heat capacity of the calorimeter?

343. Use tables of AH to calculate AH® for the reaction of NO(g)to produce NO(g) and O(g), a
process that occurs in the upper atmosphere.

344. Craps is a game in which rolling a “7” with two dice has consequences. What is the probability
that one will roll a “7”” with two dice? What is the probability that one will roll a “2” with two dice?

345. You have a set of equally spaced energy levels, the lowest of which has zero units of energy and
each energy level gap is one unit. Imagine twelve particles in this set of energy levels.

345.1. Find the configuration that is most probable for a system with a total of two units of energy.
345.2. Find the configuration that is most probably for a system with a total of three units of energy.
345.3. Find the configuration that is most probably for a system with a total of four units of energy.

345.4. Show that W increases in going from the most probable configuration of part a to that of part b.



345.5. Show that the W./W, is less than Wy/W,, where the subscripts refer to the first three parts of this
problem, and the W's are for the most probable configurations.

345.6. How do you state the conclusion of question e in general terms?

346. You have a set of equally spaced energy levels, the lowest of which has zero units of energy and
each energy level gap is one unit. If this system is in the predominant configuration and there are 1920
particles in the e=0 level and 480 in the e=1 level, how many are in the e=5 level? HINT: Don't try to
calculate this by evaluating factorials!

347. Predict the sign of the entropy change of the system for each of the following:

347.1. LiCl melts.

347.2. LiCl dissolves in water

347.3. Liquid benzene becomes gaseous benzene.

347.4. Ice sublimes

347.5. Gaseous CCly is heated and produces CCl, and CL,, both as gases.

347.6. SO, and O; react to form SOs, all gases.

347.7. Aliter of air is converted into 0.78 L of N, and 0.21 L of O, and 0.01 L of other gases.

348. There are four possible situations for AG: AH can be positive or negative; and for each of these
cases, AS can be positive or negative. Specify the temperature dependence of a reaction for each of
these four cases. HINT: Answers will be something like “Goes at all temperatures”, “Goes only at low
temperature”, etc.

349. The enthalpy of combustion of acetaldehyde, CH;CH,C(O)H, is -1813 kJ/mole; that of its isomer
(the only stability comparison that is legal) acetone, CH3C(O)CHj, is -1790 kJ/mole. Which compound
1s more stable?

350. The reaction
BBr3(g) + BCli(g) = BBrCl(g) + BBrCly(g)
has AH close to zero. Draw Lewis structures of the compounds and given a reason for the small AH.

351. In four card liar’s dice. a player rolls four dice and claims “One 6.” What is the probability she
has one 6? What is she says “Two 6’s.” What is the probability that this is the truth? How about
“Three 6’s™?

352. Figure out from “pictures” the number of ways three units of energy can be distributed among 6
distinguishable particles with an energy level spacing of 1 unit and a lowest energy level of zero units.
Which configuration is most probable?

353. Refer to 352. Let the number of particles increase to 8. Compare the relative probability of two
configurations in this case compared to that in A41.



354. Diiodine absorbs light of 4.67E4 nm to go from the ground state to the first vibrationally excited
state. Calculate the number of iodine molecules in the first excited level relative to the number in the
ground level at a temperature of 300 K.

355. The enthalpy of formation of WOs(s) and COx(g) are -842.9 kJ/mole and -393.5 kJ/mole and the
absolute entropies of these materials are 75.9 and 213.6 J/(mole K). The absolute entropies of W(s)
and C(s) are 32.6 and 5.74 J/(mole K), respectively; all data at 298 K.

355.1. Will C(s) reduce WOs to tungsten metal with the production of one atmosphere of CO, at room
temperature (298 K)?

355.2. What is the pressure of CO»(g) at room temperature in equilibrium with a mixture of WO; and
C(s)?

355.3. Is there a temperature at which this reaction will take place to produce one atmosphere of CO,?
What is it?

355.4. What assumptions go into your calculation of part ¢?
356. A flask contains all components shown in the following reaction:
2NO(g) + 2Hx(g) = Na(g) + 2H.O(g)

and the system is at equilibrium. Now the volume of the container is decreased. Does reaction
proceed? If so, does it occur to the right or the left? Why?

357. Trouton’s rule says that the entropy of vaporization of most liquids is 88 + 5 J/(mole K) at their
boiling point. Verify this is true for benzene whose boiling point is 80.1°C and whose enthalpy of
vaporization is 30.8 kJ/mole.

358. Draw a reaction coordinate diagram for a reaction with two intermediates. Trace what happens to
a particle as it tries to move from reactant to product, always asking, “Which way is the particle more
likely to go from this minimum?”

359. Aspirin reacts with water to form a hydrolysis product. Use the following data to show that the
rate 1s a function of time.

t (hr) [Aspirin]

0 5.55x10° M
2 551x10°M
5 545x10° M
10 535x10° M
30 496 x 10° M
40 478x 10° M
50 4.61x10°M
100 3.83x10° M
300 1.82x10° M

Use appropriate methods to determine the rate constant.



360. A compound reacts with itself to form a “dimer”. The following are concentration versus time
data. Find the rate law and obtain a rate constant.

t (min) [Monomer]
10 0.0044
26 0.0034
44 0.0027
70 0.0020
120 0.0014

361. lodide reacts with Fe(III) in aqueous solution to produce Fe(Il) and I;. Write a balanced reaction.
When the concentration of Fe(IIl) is doubled, the rate doubles; when the concentration of I" is doubled,
the rate increases by a factor of 4. What is the order with respect to [Fe(IIT)]? to [I']?

362. The reaction of V** with HN;to produce V** and N, proceeds with a rate law that is first order in
[V?*] and first order in [HN;]. What has to collide to cause reaction? Write a mechanism.

363. The compound Co(NH;)sSCN*" (which has a Co-S bond) isomerizes to Co(NH;)sNCS*" with a
Co-NCS bond. The reaction is first order in [Co(NH;)sSCN*"]. Write a mechanism.

364. The reaction
2Fe* + Cl, = 2Fe* + 2CI
proceeds with a rate law: k [Fe*']* [CL]/{[Fe*'] + k’[CI]}; suggest a mechanism.

365. Consider the reaction
H>O(g) = 2H(g) +O(g)

If I told someone in a general chemistry course that AG® for this reaction at T=298 K is positive, they
would probably tell me that the process does not take place. You are in an advanced course! You
should be able to tell me a lot more. Completely analyze what is happening in this reaction and how
those things lead to the conclusions concerning the spontaneity of the reaction. HINT: You might even
consider other temperatures.

366. Some data for a reaction in which A reacts to form B are given below. What is the order of this
reaction with respect to A? What is the rate constant? HINT: The data have some experimental noise
in them.

time(sec) [A], M
0 0.135
2 0.121
4 0.110
6 0.096
8 0.088
10 0.080
15 0.057
20 0.044
25 0.033




30 0.025
40 0.015
50 0.012
80 0.006
a long time 0.000

367. Some data for a reaction in which C reacts to form D are given below. What is the order of this
reaction with respect to C? What is the rate constant? HINT: The data have some experimental noise
in them.

time (sec) [C]
0 0.135
2 0.124
4 0.110
6 0.105
8 0.101
10 0.092
15 0.081
20 0.073
25 0.065
30 0.060
40 0.051
50 0.044
80 0.031

a long time 0.000

368. How much kinetic energy does the average gas molecule have at room temperature?
369. Show that the half life for a first order reaction is independent of time.

370. Chloroethane, CICH,CHj, is quite stable at room temperature with respect to decomposition to
HCI and ethylene. Why do I know (or better put, why do you know) that it will decompose at higher
temperatures? At 720 K, the first order rate constant for the decomposition of chloroethane is 1.5 x 10
sec’. What is the half life?

371. Imagine the rate of reaction
MCI™ + Br = MBr" + CI
has a rate law of the form

rate = k[MCI"][Br]/[C]]

What is the meaning of this rate law?



372. The rate law for the reaction of trans-Pt(PEt;).Cl, with pyridine (py) to give trans-Pt(PEt;)pyCl"
and CI is of the form:

(ki + ko[py])[ trans-Pt(PEt;).Cl: ]

Give an interpretation. HINT: If you get stuck, try setting one of the k's equal to zero and ask what
you have.

373. The following reaction was studied:
Co(CN)s(H,0)* + X° = Co(CN)s(X)*

where the initial concentration of Co(III) is 4.0 x 10 and the initial concentration of X" is given in the
table. Plots of In[Co(CN)s(H,O)*] versus time were linear. Give a mechanism for the reaction.

[XTo, M slope, s
0.05 6.51
0.07 7.13
0.10 7.98

374. What property is used to determine if something is a wave? A particle?
375. Use the de Broglie relationship to find the wavelength associated with an electron moving with a
velocity of 3 x 10° m/sec. To have wave interference, the slit spacing has to be the order of the

wavelength; does anything have a spacing of about what you found for the electron’s wavelength?

376. Use the de Broglie relationship to find the wavelength associated with a dust particle (of mass =
0.001 mg) moving at a velocity of 20 m/sec.

377.1. Show that y = cos[kx] gives a satisfactory solution to Schrodinger’s equation,
d*y/ dx* + (2m/hbar?) E y = 0.
377.2. Why is this function not a good solution to a parve on a pole running from x =0 to x = L.?
378. Sketch y for a parve on a pole for n=1, 2, and 4.
379. Itis said that you have to give energy to a parve in order to trap it in a small length. Comment.

380. What is the relative probability that a parve on a pole with n = 2 will be found at between x = 0
and x = 0.25 compared to between x = 0.5 and x = 0.75?

381. A parve in a real cubic box (i.e., a three dimensional box) has energy levels given by the
expression:

E = (nd + ny* + n,?) hbar? <* /(2 m L?)



where ny, ny, and n, are quantum numbers (integers) running from 1 to infinity, m is the mass of the
parve, and L is the length of the edge of the box. Show that a gas particle in a box has energy level
spacing that changes as the volume of the box changes.

382. A hydrogen atom has energy levels that depend inversely on the square of the quantum number n.
Does the spacing between levels get bigger or smaller as n increases?

383. Sketch the radial part of a 1s wave function for a hydrogen atom.
384. Sketch the radial probability distribution for a 1s electron in a hydrogen atom. For a 2s.

385. Sketch the angular wave function for a 2p, electron in a hydrogen atom. A 3px electron. A 3dyy
electron.

386. Why is the ionization energy greater for a C 2s electron than it is for a C 2p electron?

387. One reason for color in transition metal ion complexes is the so-called “d to d transition.”
Explain what this means in terms of an octahedral complex.

388. Show the constructive combination of a p, orbital on one atom with that of a p, orbital on another
atom if the z axis of each is the internuclear axis. Do the same if the internuclear axis is the x axis.

389. Show the constructive combination of a p, orbital on one atom with that of an s orbital on another
atom if the z axis of each is the internuclear axis

390. Build molecular orbital diagrams for the diatomics from B, to Ne,.

391. Show the pretty combination of p, atomic orbitals on the external oxygen atoms for ozone if the
three atoms (in the bent structure of Os) define the x/y plane.

392. Which light has the greatest energy, A = 500 nm or A = 350 nm?

393. What is the deBroglie wavelength associated with a neutron moving at 3 x 10° m/sec?

394. The quantum number n in a parve on a pole cannot be zero. Why not? HINT: Think probability.
395. Calculate the energy gap between the n=1 and the n=2 levels for a parve on a pole if the parve is
an electron and the pole is 2 Angstoms long. Do the same for a parve that has a mass of 100 kg on a
pole 10 m long.

396. Sketch the wave function for a parve on a pole in the n = 6 energy level.

397. What is the relationship between the quantum number n and the number of nodes in y for a parve
on a pole?

398. Guess what the wave function will look like for a parve on a square sheet in the lowest energy
state.

399. What is the ionization energy of a hydrogen atom from the 2s state? From the 2p state?



400. Sketch the radial wave function for a 2p electron. A 3p electron.
401. Sketch the radial wave function for a 4d electron in a hydrogen atom.
402. Sketch the angular wave function for a 4d,, electron in a hydrogen atom.

403. Why does the ionization energy of a 2s electron and a 2p electron differ in the lithium atom?
Which is larger?

404. Assume that the first ionization energy of transition metal atoms involves the removal of a 4s
electron. Why does this ionization energy differ only slightly from Sc to Zn whereas the ionization
energy for B to Ne differ significantly more?

405. Use a crystal field model to predict the splitting pattern of the d orbitals in transition metal ion
complexes of linear, square planar, and octahedral geometry. HINT: for the first, assume the z axis is
the axis of the ligands; for the second, assume that z axis is perpendicular to the square plane of the
ligands; and in the last, assume that ligands are located on the + and — x, y, and z axes.

406. Use a crystal field model to predict the splitting pattern of the d orbitals in transition metal ion
complexes of tetrahedral geometry. HINT: It is easiest if you let the four ligands be located at the
positions {x,y,z} of {1,1,1}, {-1,-1,1},{1,-1,-1}, and {-1,1,-1} with the metal at {0,0,0}.

407. There are two possible spin forms for an octahedral complex of Cr*'; these are called “high spin”
and “low spin.” Show the arrangement of electrons in the d orbitals for each of these complexes.

408. Show the destructive combination of a p, orbital on one atom with that of a p, orbital on another
atom if the z axis of each is the internuclear axis. Do the same if the internuclear axis is the x axis.

409.1. Build a molecular orbital diagram for CH,.

409.2. Ignoring the orbitals used to bond carbon to hydrogen, allow two CH, fragments to come
together to form C,Hs. What is the bonding like?

410. Imagine a string of Na atoms and consider only the 3s orbital on those atoms. Sketch the most
stable molecular orbital of the system. Sketch the least stable. How many intermediate energy
molecular orbitals are there? What would happen if you doubled the number of sodium atoms?



