Exam #3 - Chem 102 Name

Spring 2008

___ page 1(24 pts)

page 2 (20 pts)

page 3 (30 pts)

page 4 (26 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.

» 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.

* You may use a calculator on this exam, but only for simple arithmetic,
algebraic and logarithmic functions.

- SHOW YOUR WORK! We are more interested in the way you arrive at
your answers than in the answers themselves.




1. (15 pts) Please provide answers to the following (place the answer in the blank
space provided):

13 a. The pH of a 0.050 M solution of Ca(OH)..

6 b. The pKa of a weak acid with a K, of 1 x 10°.

8 C. The pK, of the conjugate base for the acid in part “b”.

40 d. How many mL of 0.050 M HCI are required to reach the
equivalence point when titrating 20.0 mL of 0.100 M NHs3, a weak
base?

HoPO4 e. What is the formula for the conjugate acid of HPO4*?

2. (9 pts) Please classify each of the following reactions as:

A. Acid/Base B. Redox C. Neither D. Both

D a. HB(OH):{ + CH>,O + H,O ! B(OH)3 + CH3;0H + OH"

c b. CHsl + OH ! CH30OH + I’

A C. NH; + HCO3 ! NH4" + CO5%




3. (10 pts) Arsenic acid is a triprotic acid that undergoes three acid dissociations to
yield the arsenate anion:

HsAsO,! H,AsO, ! HAsO,>! AsO,*

with corresponding pK, values of 2.2, 7.0 and 11.5. Please answer the following
questions, either showing work or explaining your reasoning as necessary.

a. What is the pH of a 0.1 M solution of H3AsO4?

ICE Box gives x%(0.1-x) = 102
x?=(0.1)10%% =102

x=10""°

pH = -log10(10) = 1.6

b. Of the four species shown above, which will predominate at pH 8?7 Please
show your logic briefly.

On a pH line, pH 8 lies between the second and third pK, values (7.0 and 11.5).
Thus the dominant species will be HAsO,*

4. (10 pts) Hydroxylamine, NH,OH, is a weak base with a pK, of 8.0. Please
calculate the final pH when 0.100 L of 0.100 M NH,OH is mixed with 0.100 L of
0.040 M HCI.

Note that each solution will be diluted by 50%, so...
NH>,OH + HCI I NH3OH" + CI
0.05M 0.02M 0 0

-0.02M -0.02M +0.02 M +0.02 M

Final concs of NH,OH and NH3;OH™ will be 0.03 M and 0.02 M respectively. pKa
of NH;0H" = 6.0.

pH = pKa + log1o([NH20H)/[NH30H]") = 6.0 + 10g19(0.03 M/0.02 M) = 6.2



(18 pts) Please consider the following two half reactions at 298 K:
03(9) + 2 H+(aq) +2e! Oz(g) + H20(|) Beg’ =21V
APy +3e ! Al Ered’ =-1.7V

Please construct a balanced redox reaction from the above that will be
spontaneous under standard state conditions and calculate Ece° and AG’ for the
reaction.

3(O3ig) * 2 H aqy + 2 €1 Ozq) + H2Op)) Ered” =2.1V
2(Aly ! A + 3 @) Eo’ =+1.7V

3 03(9) +6 H+(aq) + 2 A|(s) I 3 Og(g) + 3 H20(|) + 3 A|3+(aq) EBceal’ =3.8V
AG" = -nFE" = -(6)(96485 C)(3.8 JIC) = -2.2 x 10° J

What would Ece be if all species were maintained at 1 M concentration or 1 atm
pressure, except that pH would be held at 7.0?

Ecel = Ecei” - (0.0592 V/6)log(1/(107)°)=3.8V—-04V =34V

(12 pts) Lead minerals are attractive “sinks” for environmental contamination of
lead in soils due to the small K, values of these minerals. Recently, the solubility
of one such mineral, chloropyromorphite, Pbs(PO4);Cl, was examined (Environ.
Sci. Technol. 2007, 41, 8050-8055).

What is the ionic charge (and oxidation number) of lead in this mineral?
Pb* x 5,3 x PO4>, 1 x CI

The K, for this process has been estimated at 4.0 x 10°%. If the concentrations
of the other two ions are 0.1 M each, what is the solubility of lead? Please show
your work explicitly.

Ksp = 4.0 x 10°% = [Pb%1°(0.1)%(0.1)
[Pb**]° = 4.0 x 10°%
[Pb**]=2x107"®



7. (12 pts) You are provided with four solutions in four unmarked test tubes
numbered 1-4. The pH of the test tubes increases from tube 1 through 4. That is, tube
1 has the lowest pH and tube 4 has the highest pH. The solutions are 0.10 M NaH2POg,,
0.10 M NH4CI, 0.10 M NaSH, and 0.10 M Na,C,0,4. Using the following data, please
identify the contents of each tube. Briefly, please, give your logic.

NH4" pKa =9.3

HQCQO4 pKa1 = 1.3, pKaz =43

H3PO4 pKa1 = 2.1, pKaz = 7.2, pKa3 =12.3

H.S pKa1 =7.0, pKaz = 12.9

HoPO4 : Tube 1 H.PO4 has a pK; of 7.2. Strongest acid of the four.
NH4CI : Tube 2 NH;" has a pK, of 9.3, second strongest acid.
Na>C,04 : Tube 3 C,04% has pKp of 9.7, second strongest base.
NaSH : Tube 4 SH™ has a pK,, of 7.0. Strongest base.

8. (14 pts) Please consider the following reaction.

(HOBeq) + HeSte ! Briag) * SO« aq

a. Please circle the oxidizing agent and underline the reducing agent.

b. Please identify the oxidation numbers for the underlined elements in the following
compounds:
HOBr: +1__ HoS: -2 Br: -1 SO,%: +6

C. Please balance the equation, assuming acidic conditions.

4(H" + HOBr+2e ! Br + Hy0)
H,S+4H,O! SO +10H"+8¢

4 HOBr+H,S! SO, +4Br +6H"



Somelnformation:

R=8.3187,,,=0.0206""

F (FaradayOsstart) = 96,485C/mol €

[0}
AG = AG® +RTINQ AG® = -RTIN(K) |n(ﬁ) _ -ﬂ(i-i)
K, RIT, T,
pH=pKa+|oglo(M) E=E°- (ﬂ)an=E°-(M)Iong IG° = -nFE°
[HA] nF n

1 2
H He
1007 9 4002 €
3| 4 5|6 | 7| 89|10
Li | Be B|C| N |O|F|Ne
694| 901 1081 | 1201 1 1401 | 1600 | 1900 | 2018
11| 12 13| 14| 15| 16| 17| 18
NalMg Al| Si| P | S|CI|Ar
229 | 2431 2698 | 2809 | 3097 | 3206 | 3545 | 3995
19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31| 32| 33| 34| 35| 36
K|Ca]Sc|/Ti|V |CriMn/ Fe|Co|[Ni|Cu|Zn|Ga Ge As|Se|Br|Kr
3910 | 4008 | 4496 | 47.88 | 5094 | 5200 | 5494 | 5585 | 5893 | 5871 | 6354 | 6531 | 6972 | 7259 | 7492 | 7896 | 7991 [8380
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|l | |Xe
8547 | 8762 | 8891 | 9122 | 9291 | 9594 | 9891 | 1010 4 1029 1 1064 |1078 71124 (1148 21186 9121.7 51276 0 1269 (1313 0
55| 56| 71| 72| 73| 74| 75| 76| 77| 78| 79| 80| 81| 82| 83| 84| 85| 86
Cs/BalLu|Hf|Ta| W |Re|Os| Ir | Pt|AulHg| Tl |Pb| Bi|Po| At|Rn
1329 1137341749 1178491809 518385 1862 | 1902 | 122 (19509199 1200592043 72071920898 210 210 22
87| 88| 103 | 104 | 106 | 106 | 107 | 108 | 109
FriRa|Lr| RfIDb|Sg/Bh|Hs|Mt
223 122603 2621|2611 12621 126314262124 265 266

57| 58| 59| 60| 61| 62| 63| 64| 65| 66| 67| 68| 69| 70

La|Ce|/PriNdIPmMSmMEuU|Gd Tb|Dy/Ho|Er|{Tm|YDb

1389 11401 41409 111442 4 1469 4 1503 91519 1572 § 1589 4 1625 ( 1649 3 1672 § 1689 3 17304

89| 90| 91| 92| 93| 94| 95| 96| 97| 98| 99| 100 | 101 | 12

Ac|Th{Pal U [Np|Pu AmCmBk|Cf|Es|[FmMd No

2270323204 231042380 32370 52390524104 2470 12490 § 2510 § 254092571 (2581 (F 255







