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INSTRUCTIONS

Be certain you have the TEN (10) pages of the exam and a BUBBLE SHEET
On the EXAM, fill in your name and CUID number asindicated above.

On the BUBBLE SHEET:

1) On Side 2 of the Bubble Sheet print your first and last NAM E in the box provided.
2) Fill in your Social Security IDENTIFICATION # in the space provided.

3) Using a soft lead pencil, blacken the one response that best answers the question or
completes the statement. There is only one correct answer to each question. Questions
with more than one answer will not be counted.

4) Your scorewill be the total number of correct answers; therefore, it is to your
advantage to answer every question.

5) Thereare25 QUESTIONS. They are equally weighted.

UNDER NO CIRCUM STANCES are you to make marks on the bubble sheet except
in the appropriate bubbles for marking an answer you believe to be correct.
You may write on the exam sheets themselves for the purpose of doing calculations.

DATA SHEET ISPROVIDED ON PAGE 8

PERIODIC TABLE OF THE ELEMENTS can be found on PAGE 9.
SCRATCH SHEET isprovided on PAGE 10.

Check the front blackboard for TIME REMAINING, LAST-MINUTE
CORRECTIONS and ADDITIONAL INFORMATION.

You will be given 75 MINUTES to complete the exam.
WHEN YOU HAVE FINISHED THE EXAM or at the end of the allowed time,

deposit the exam and the bubble sheet in the separ ate boxes provided at the front of the
room.

DO NOT FORGET! Print your first and last names in the box provided (1) on the
bubble sheet, and (2) on the front page of the 10-page exam.

REMEMBER! It isyour responsibility to ensure that your bubble sheet and exam sheets
are properly identified.

1. Theacidic oxide in the following list of oxidesis....




a) P40 b)SO; c) CO, d) NO; ¢€)all of theabove
Remember the lecture demonstrations where we showed that CO, and P,O,¢ produced
and acidic response in universal indicator solutions? Y ou should expect other non
metallic oxides such as SOszand NO, to behave similarly. Thus, (€) is the best answer.

2. ThepH of asolution is best expressed by.....
a) -log[H30"] b) 14 — log[OH] c) Hog Kw/[OH]
d) pK + log[A"]/[HA] e) all of theabove
If you go through the list of answers, only (b) is INCORRECT (because of the minus
sign). Remember that the sum of the pH and the pOH is14. Therefore correct answers to
the question are (a), (c) and (d).

3. You have before you a beaker half-filled with a clear liquid and an apparatus for
qualitatively demonstrating conductivity by plunging in apair of electrodes
attached to alight bulb and observing the intensity of the illumination that results
by completing the circuit. To begin with, there is no illumination. On adding
water the bulb glows, ard then glows more strongly, as more water is added. The
origind liquid is most likely......

a) purewater  b) pure(glacial) acetic acid

c) pure (absolute) ethanol d) vinegar, adilute acetic acid solution

d) seawater
If you remember the lecture demonstration, the best answer is (b). If you don’t, then work
through the other answers. water is nonconducting, and alcohol, being similar, is not
conducting; sea water is salt water, and conducting; that leaves us with acetic acid which
becomes increasingly conducting when diluted with water, a bronsted base (to acetic
acid).

HOAc + H.O U  HsO" + OAC

4. Changing the pH of an agueous solution by a factor of 2 reflects achangein the
hydronium ion concentration by afactor of ...
a 2 b) 20 c¢) 100 d) 1000 €) 2000

There is no factor of 2 that will produce answers (@), (b), or (e); but 2 to 4, afactor of 2,
gives (c) as an answer as atwo pH unit difference is a difference of two orders of
magnitude (100) in hydronium ion concentration; and 3 to 6, again a factor of 2, givesa
difference of 3 pH units and three orders of magnitude difference (1000) in hydronium
ion concentration. So either (c) or (d) is correct.

5. If an 0.20 M solution of aweakly acidic monoprotic acid HX has a pH of 3.0,
then the K, of this acid must be....
a) 6 x610'1 b)1x10° ¢)3x10° d)2x10* € 5x
10

For thereaction HX + H,O U H:O" + X
K(HX) = [H30"] [OH]/HX
[Hs0] = [X] = 10°M

=[107][ 10°%/.2=10%.2=5x 10°
And the answer is (€)



6. The equilibrium constant for the autoprotolysis of water as given by the following
equationis1.00X 10 a25°C:  H,O0 + H,O U  HO" + OH
To aclose approximation, the pH of a10™*°M solution of HCl is
a1 b4 ¢7 d)10 e 14
The hydronium ion concentration in water itself is 107'M, three orders of magnitude
greater, so the best answer is pH = 7, reflecting the hydronium ion concentration of
water.

7. Agueous carbon dioxide solutions — that’ s carbonated water, or SELTZER, folks -
can be thought of asagueous solutions of weakly carbonic acid (H.COs). At 25°C,
if the concentration of water saturated with carbon dioxideis0.01 M and if the
K 4(1) and K (2) values for carbonic acid are respectively 107 and 10, then the
pH of the solution must be about....

ad 32 b)45 ¢)50 d)7.0 9.0
This problem is similar to the H,S MORE problems on the homework. Assume the first
dissociation is the only one of significance and go from there. Tough problem but if you
make some simplifying assumptions, not so tough. Begin with the assumption that only
the first equilibrium need be considered as the second gives very, very little HeO" and
find the equilibrium law expression and the overall K for that reaction:
CO,+HO U HLCO +HOU HO" + HCOs

ko(CO,) = 107 = [X][x]/.01 where x = [H30"]; Finally, algebra gives (b).

8. TheK, for formic acid, amonoprotic acid, is 1.8 x 10™%. If 100 mL of 1.0M HCl is
added (carefully) to 900 mL of a solution prepared by dissolving 0.60 mole of
sodium formate (HCOONa) and 0.40 mole of formic acid (HCOOH) in water,
then the final pH of the resulting liter of solution must be.....

a 357 0b)392 ¢)3.74 d)equal tothepKs, e) both (c) and (d)
Thisis a modificationof atextbook homework problem from Chapter 8. If you add
100mL of 1 M HCl, you are adding 0.1 mole H3O" which reduces OAc by 0.1 mole

HOAc + H,O U  H;O" + OAC
and increases HOAc by 0.1 mole, making HOAc = OAc and pH = pK

9. For each salt below, which set of answers best describes the properties of its
agueous solution?
Ka(HNO3) = 10° Ka(H2C03) =107  Kg(H2COs) = 101

Kp(NH3) = 10°° K o(HBr) = 10° K(KOH) = 10°
KNOs; K2COs NH4Br
a) neutral basic basic
b) acidic acidic basic
C) basic basic acidic
d) neutral acidic basic
€) neutral basic acidic

Hydrolysis of KNOj3 leads to a neutral response
Hydrolysis of K,CO3 gives abasic response



Hydrolysis of NH4Br gives an acidic response

10. With respect to the precipitation of sparingly soluble salts, which of the following
iSare true?
a) If no solid phaseis present, then the concentrations of the ionsin solution
bear no relationships to each other.
b) If theion product is less than the K, then the solid phase cannot exist.
c) If theion product equals the Ky, then precipitation occurs.
d) All of the above are true
e) Only (a) and (b) aretrue.
(c) iswrong because by definition, it is the limit of solubility, or the point BEY OND
which precipitation occurs. So (€) is the best answer.

11. If for sparingly soluble calcium phosphate Ky, is known to be 1.3 x 1032, then the
solubility of calcium phosphate in water at 25°C must be about....
a) 11x10%  b)15x10M" ¢)1.6x107 d)42x10° e 48x10°
Let x = solubility.  Cag(POs)2(s) U  3Ca?* + 2P0,
Kg = [Ca'T[ PO,*1%=[3x]%[ 2] = 108x° = 1.3 x 10°%2; x = (c) above

12. To increase the solubility of sparingly soluble silver chloride in water, add
aqueous ...
a) silver nitrate  b) sodium chloride  ¢) ammonia
d) hydrochloric acid €) sodium hydroxide
Common ions limit (decrease) solubility as we demonstrated in class by shifting the
equilibrium in favor of the precipitated salt, according to Le Chatelier’s principle. That
means (a), (b), and (d) are wrong. Sodium hydroxide will precipitate the insoluble oxide
(hydroxide of silver. But ammonia forms a soluble complex.

13. 1.000 g of copper (Cu) at 300K and 1.000 g of iron (Fe) at 500K are brought into

contact with one another, but isolated from everything else. What is the temperature

of the copper when thermal equilibrium is reached?

a 392.3K b. 398.7K c. 401.3K d. 407.7K e. 409.3K
Thisisadirect use of the relation my X cs1 X ?T1 =-np X Cs2 X ? T presented on slide 25
from the first lecture and on p. 445 of your text.

14. A 7.0 kg bowling ball is attached to a collection of pulleys and levers that alows all
its downward motion to be used to compress a gas in a pistortand-cylinder
arrangement that is our thermodynamic system. What is the work w when the
bowling ball falls the 9.6m from the ceiling of 309 Havemeyer Hall to the floor?

a 0.45kJ b. 0.51kJ c. 066kJ d. 1.5kJ e. 20kJ
This is exactly analogous to Joule's demonstration of the mechanical equivalent of
heat, presented on slides 6 and 7 of lecture 2, and on p. 468 of your text. Itisaso a
much simpler version of problem 89 in Chapter 10 of your text, and the in-class
worked problem on dide 1 of lecture2. w = work done on the gas = - work done
by the ball =-mx gx ?h. Note that since the gas is compressed the work done on
the gas has to be positive, which is why none of the multiple choices is negative.



15. When 1.0000 mole of graphite at 298K is burned in oxygen 393.51 kJ of hest is
released. When 1.0000 mole of diamond at 298K is burned in oxygen 395.41 kJ of
heat isreleased. From this calculate the enthalpy change associated with the phase
change C(s, diamond) -> C(s, graphite) at 298K (in kmolt)

a-190 b.-090 c.-019 d.+0.90 e +1.90

Thisisasimpler version of problem 33 in Chapter 10 of your text. It isalso the
subject of problem 35. The ?H is given on p. 457 of your text, where the enthalpy
change associated with the conversion of graphite to diamond is discussed.

16. A gasin acylinder with a piston starts out at equilibrium with P = 1.50 x 109 Pa, V =
2.00x 10-2 m3 and T = 300K. Then a constant pressure of 3.50 x 10° Pais applied to

the piston, compressing the gas to 1.00 x 102 m3. The pressure on the sample is reduced
to 1.50 x 109 Pa and the gas expands against this constant pressure of 1.50 x 10° Pafrom

1.00 x 10-2 m3 back to a volume of 2.00 x 10-2 m3 ending at a temperature of 300K.
Calculate ?E for the overall process.

a —2.00kJ b. 0.00 kJ c. +1.50kJ d. +2.00 kJ e. +3.50kJ
Thisisavariation of the PV work calculations in the example done in class on
dides 19 and 20 of lecture 2, and the in-class problem presented along with it.
There is no way to caculate ?E here. While you can calculate w, g is not defined.
But, you need not do any calculation. Rather, you need only use the fact that E isa
state function, and note that P, V, and T are the same at the end of the process as at
the beginning to determine that ?E = 0. Slides 24-26 of lecture 2 explain that P, V,
and T uniquely specify the state of a system, that E is a state function, and that thus
E cannot changeif P, V, and T do not.

17. The thermite reaction is 2Al(s) + FeoO3(s) -> 2Fe(s) + AlbO3(s). Calculate the

standard enthalpy of this reaction (in kdmol™):

a.-852 b.-824 c.-426 d. +426 e. +852

Thisis problem 40, part a. from Chapter 10 of your text. It requires use of the
formularelating ?H; to ?Hs, given on dide 25 of lecture 3 and on p. 458 of your
text.

18. Calculate the standard specific enthal py of combustion (in kJg*t) for
CHgy(g) + O2(g) -> CO2(g) + 2H20(Q).
The standard specific enthalpy of combustion is the enthalpy change per unit mass of fuel
consumed at the standard state.
a =351 b. -50.2 c. 549 d.-55.7 e -59.6
Thisisasimpler version of problem 48 in Chapter 10 of your text. First calculate
?H; in the usua way (see dide 25 of lecture 3 or p. 458 of your text) to get the
enthalpy change per mole of reaction as written, then divide by the mass of methane
(16 g) consumed per mole of reaction.

19. Calculate the standard enthal py of reaction (in kdmol'™®) for
Na(g) + Cl(g) -> NaCl(s)



a —-182 b -396 c 426 d.-5b33 e -640
Thisisjust like problem 83, part b. in Chapter 10 of your text. It just usesthe
equation for ?H, given on dide 25 of lecture 3 and p. 458 of your text.

20. A constant pressure of 7.00 atm is exerted on agas. The gasis cooled and contracts
from an initial volume of 2.00 L to afinal volume of 0.500 L. Compute the work done
(in units of liter-atmospheres) on the gas during the contraction.
a -105L-am b. -3.5L-am c. 0.00L-atm d.+3.5L-am e. +10.5L-atm
This is word- for-word problem 61 in Chapter 10 of the text, just the numbers have
been changed. It isadirect use of the equation for PV work given on dlide 13 of
lecture 2 and p. 466 of your text. It islike the example worked out on dlide 20 of
lecture 2.

21. When 1100 J of energy are added to a particular water-filled calorimeter its
temperature rises from 300.00K to 301.55K. When 0.03999 g of NaOH(s) is
dissolved in the water in this calorimeter the temperature rises by 5.50 K. Calculate
the amount of heat evolved in the dissolution of this NaOH(s) in the water of the
calorimeter.

a 201Jb. 301J c.710J d. 3.90kJ e 4.26kJ

Thisis exactly like problem 15 in Chapter 10 of your text, except that here you
don't have to work through two different amounts of water as you do in that
problem.

22.2.00x 10-3 m3 of agasis confined at a pressure of 1.01 x 10° Paand atemperature
of 273K. The confining pressure is reduced to zero and the gas is heated to 373K,

causing the gas to expand to a final volume of 3.50 x 10-3 m3. Determine the work
done on the gas during the expansion.

a -353J b. -202J c¢.-152J d. —-76J e. 0.00J

This is exactly problem 63 in Chapter 10 of your text, with just a dlight change in
wording to make clearer that the expansion takes place against a pressure of zero,
and a change to Sl units. Work is zero if the external pressureis zero, as|
explained in lecture on several occasions and your text states explicitly on p. 466.

23. For the reaction Hp(g) + 2CO(g) -> H2O02(l) + 2C(s) ?H, = 33.3 kJ mol-1. Calculate
the enthalpy change when 18.0 g of C(s) is produced in this reaction.

a 16.7J b. 25.0J c.44.4] d. 50.0J e. 99.9J
This uses what is presented on dide 32 of lecture 3, computing ?H for reaction
consuming or producing a particular amount of a particular reactant or product from
aknowledge of ?H, per mole of reaction as written.

24. Y ou charge up your cell phone battery using the charger that plugs into an outlet in
your house. The charger draws 111 J of energy from your house electrical supply,
and puts 92 J of electrical energy in the cell phone battery. Calculate the work done
on the battery and the heat transferred to the battery in this charging, assuming that
all energy that the charger draws from the house electrical supply goes into the
battery.



a w=111J,g=-19J b. w=111J,g=0J c. w=92J,g=-19 d. w=92J,0=0J e. w=92J,q=19J
Thisisasimpler version of problem 66 in Chapter 10 of your text. Itisan
application of the first law, 2E=111J=q+w=q+92Jsoq=19J.

25. 100 Jof PV work is done on agas, raising its temperature from 273K to 475K. Then
the gasis cooled back down to 273K without any work being done on it. What isq
for the overall process?

a —200J b.-100J c.0.00J d. +100J e.—200J
Thisisjust an application of the first law. Since the final state of the gasis the same as
theinitia state ?E = 0 = q + w, and since the work done on the gasisw = 100 Jthe q for
the process must be —100 J.

Heat Capacities and Specific Heats of Some Materials

Material Cp(JK-1moll) cqik-1gl

Al(9) 27.23 1.009
C(s, graphite) 8.23 0.686
C(s, diamond) 6.57 0.548
CHgy(9) 34.92 2.183
CO2(9) 37.12 0.8436
Cu(s) 24.46 0.3849
Fe(s) 25.09 0.4493
Zn(s) 25.39 0.3883
O2(9) 28.91 0.9034
H2(9) 30.70 15.35
HoO(1) 75.38 4.184

Standard Enthal pies of Formation
Material ?H¢°(298K), kJ moi-1

AlxO3(s) -1,676
CHa(9) -75
CO2(9) -394
Cl(g) 122
FeoO3(s) -824
HoO(1) -286
Ho0(g) -242
H202(1) -188
Na(g) 107
NaCl(s) -411
NaOH(s) -426



