Chem 131 Name

Exam 4, Ch 17, 18, 20, 24 December 4, 2019
100 Points

Please follow the instructions for each section of the exam. Show your work on all mathematical
problems. Provide answers with the correct units and significant figures. Be concise in your answers to
discussion questions.

Part I: Complete all of problems 1-10
1. What is the oxidizing agent in this reaction: Mg(s) + Clo(g) — Mg**(aq) + 2Cl~aq)? (4 points)
a. Mg(s) b. Clx(g) c. Mg*(aq) d. Cl(aq) Answer b

2. Which of these reagents will oxidize Al to AI**, but not oxidize Pb to Pb**. (4 points)

a. Bn b. Ca** c. Fe* d. Br Answer c

3. Consider the titration curve below. The curve represents (4 points)

I
= the titration of a strong acid with a strong base.
7 the titration of a weak acid with a strong base. Answer ¢

the titration of a weak base with a strong acid.
the titration of a strong base with a strong acid.

/o oe

mL of titrant

4. The equilibrium concentration of barium ion in a saturated solution of barium fluoride is found to be
7.21 x 10°M. What is the Ky, for barium fluoride? (4 points)

a. 7.21x103 b. 1.44x1072 c. 7.50x107 d. 1.50x10° Answer d

5. From the structures below, identify the two structures that represent the same compound. (4 points)

NH; OH, NH,
OH, NH, H,0
ox//(‘w“/ i /ox/_ _Co? ; ; Co3* '/_/ox
OH, NH, H,0
OH, OH, ) OH, NH,
a. AandB c. BandC
e. CandD Answer ____ b

b. AandC d. BandD
6. Define the following in one or two sentences each. (6 points)
a. anode: electrode at which the oxidation half reaction occurs.
b. stereoisomer: molecules have the same molecular formula and sequence of bonded atoms, but

differ in the three-dimensional orientations of their atoms in space

c. low spin: describes a coordination compound with the maximum number of paired electrons.



7. Complete the table below. (10 points)

Formula of
trans-[Co(en),Cl,]* Fe(ox);]*
complex rans-[Co(en):Cl.] [Fe(ox)s]
Name of . . o .
trans-dichlorobis(ethylenediamine)cobalt(IIT) tris(oxalato)ferrate(III)
complex
Metal oxidation
+3 +3
state
Coordination
6 6
number
a
Sketch
Or some similar representation Or some similar representation

8. A 0.641 g sample of a monoprotic acid is dissolved in water and titrated with 0.230 M KOH. What is
the molar mass of the acid if 14.5 mL of the KOH solution is required to neutralize the sample?
(10 points)

HA + KOH - KA + H,O

0.0145LKOH x 0.230mol KOH x 1ImolHA = 0.003335 mol HA
1L 1 mol KOH
0.641 g HA = 192.2 g/mol

0.003335 mol HA

Answer 192 g/mol



9. A galvanic (voltaic) cell consists of an electrode composed of iron immersed in a 1.0 M iron (II) ion
solution and another electrode composed of silver immersed in a 1.0 M silver (I) ion solution,
connected by a salt bridge. Identify the cathode and anode and calculate the standard potential for this
cell at 25 C. (10 points)

Fe?* +2e” - Fe(s) E°=-0.440 V
Agt+e - Ag(s) E°=+0.800 V

Since the silver reaction is more positive in the galvanic cell, it will be the cathode.

E°eit = E%athode — E®anode = +0.800 V — (-0.440 V) = +1.240 V

Answer +1.240 V

10. The Ky, of PbBr, is 6.60x107%. What is the molar solubility of PbBr; in 0.511 M sodium bromide?
(10 points)

PbBr; | = | Pb* | + 2Br

I -- 0 0.511
C -- +X +2X
E -- X 0.511 +2x

Ksp = [Pb2+] [Bri]z
Ksp = (x)(0.511 + 2x)?
Assume 2x<<0.511
Now K = (x)(0.511)?
x = Kp/(0.511)? = 6.60x10/0.2611 = 2.53 x 10°M = [Pb*']

Checking our assumption, 2x = 2(2.53 x 10°°M) = 5.05x10” = 0.0000505 is << 0.511, so our
assumption is good

Answer 2.53x 10°M



Part II. Answer three (3) of problems 11-14. Clearly mark the problems you do not want graded.
12 points each.

11. Calculate the potential for the galvanic cell below using the given conditions. You may assume a
temperature of 298K.

Al(s) | 0.234 M Al*(aq) [|0.0115 M Sn*(aq) | Sn(s)

Anode: AP** +3e = Al(s) E°=-1.676 V
Cathode: Sn** +2¢ = Sn(s) E°=-0.137V

Overall reaction: 3Sn* + 2Al(s) = 3Sn(s) + 2A1**
E°en =-0.137V — (-1.676V) = +1.539V

E = E° - 0.05916 log [AI’*]?

6 [Sn> T
E = +1.539V - 005916 log _[0.234]
6 [0.0115P
E=+1.494V

Answer +1.494V



12. Maleic acid (C4H40O4, molar mass 116.1 g/mol, pKai = 1.92, pKax = 6.27) is a weak diprotic acid that
is often used to increase the stability of drug compounds. Calculate the pH at any three (3) of the
following points in the titration of 20.0 mL of 0.100 M maleic acid with 0.100 M NaOH.

a.
b.
c.

d.
e.

Before the addition of NaOH

After the addition of 10.0 mL NaOH
After the addition of 20.0 mL NaOH
After the addition of 30.0 mL NaOH
After the addition of 50.0 mL NaOH

It is helpful to first figure out where the equivalence points are. Since the concentrations of NaOH and
maleic acid (which I’ll call H>A) are the same, if we have 20.00 mL of 0.100 M HxA, equivalence points
will occur at 20 and 40 mL of NaOH added.

a.

This is a solution of H,A, which we can treat as a weak monoprotic acid.
H>A = HA + H*

I 0.100M 0 0
C -X +X +X
E 0.100-x X X

Inserting into the Ky expression, we get:

Kal = 10_1'92 =0.0120 = [HA] [OH_] = XZ
[A] 0.100 —x

Rearranging: 0= x? + Kux — 0.100K

Solving, we get x = 0.02918 or -0.0412. Since x = [H*], the negative value doesn’t make sense,
so [H*] = 0.02918M and pH = 1.53.

Note it is tempting to try to simplify the math by assuming x<<0.100 to avoid solving a
quadratic, but you find that 0.02918 is not << 0.100, so the assumption is not valid.

This is half way to the first equivalence point, pH = pKa; = 1.92

This is at the first equivalence point. The amphiprotic HA™ is the only species in solution and the
pH is the average of pKa and pKa: pH =v2(1.92 + 6.27) = 4.10

This is half way between the first and second equivalence points, pH = pKaz = 6.27

At this point, we have added 10 mL of NaOH beyond the equivalence point. We have a number
of moles of unreacted NaOH present in that 10 mL, but diluted to the total volume of 70 mL (the
original 20 mL sample plus the 50 mL titrant that has been added. pH is determined by finding
the concentration of unreacted NaOH:
10.0 mL NaOH x 0.100 mol NaOH x 1 = 0.0143 M NaOH
L 70.0 mL

pOH = 1.85, pH = 12.15



13. You have a bottle of a white solid that you believe to be either calcium hydroxide (K, = 6.5x10°) or
manganese (II) hydroxide (Ky = 1.6 x 10%). You prepare a saturated solution of the salt and
measure the solution’s pH. If the pH of the solution is 9.84, what is the identity of your unknown
salt? Justify your answer with a calculation.

There are at least two approaches to solving this problem.

One approach may be to calculate the K, that corresponds to producing enough OH" to raise the pH
to 9.84. Both Ca(OH), and Mn(OH), have the same stoichiometry (A(OH), = A% + 20H") and the
same form for the Ky, = [A**][OH]°.

If pH = 9.84, pOH = 14.00-9.84 = 4.16 and [OH] = 10*!° = 6.92x10°M.

The stoichiometry of the reaction indicates that [A**] = ¥2[OH] = 3.46x10°M.

Therefore, the Kyp = (3.46x107)( 6.92x10°M)? = 1.66x10°'* which corresponds to Mn(OH)

An alternate approach would be to calculate the pH of a saturated solution of each of the salts using
an ICE table:

Ca(OH), | = | Ca** | + | 20H

1 - 0 0
C - +X +2x
E - X 2X

K, = [Ca®*][OH ]
6.5x10% = (x)(2x)?
X = (6.5x10°%/4)'* = 0.0253 M = [Ca**]
[OH] =2(0.0253M) = 0.0506M, pOH = 1.30, pH = 12.70

Repeating for Mn(OH),
Mn(OH), | = | Mn** | + | 20H"
I -- 0 0
C - +X +2x
E -- X 2X

Ko = [Mn>][OH ]’
1.6x10°"° = (x)(2x)?
x = (1.6x1013 /4)13 = 3.42x10° M = [Mn**]
[OH] =2(3.42x10°M) = 6.84x10°M, pOH = 4.16, pH = 9.84
Again, this corresponds to Mn(OH); being the identity of the unknown salt.

Answer Mn(OH);






14. Cobalt (IIT) forms octahedral complexes with fluoride ion and ammonia with the formulae [CoFs]*
and [Co(NH3)6]*", respectively. Below are two possible orbital energy diagrams for these species.
Which of the diagrams corresponds to the fluoride complex and which one corresponds to the
ammonia complex? Clearly explain your reasoning.

Diagram A Diagram B
d,z, de _y? 1 1 d,2,dge _y?
1 1 11 dyy, dig, dy, T 1 1 dxy, dxz, dyz

In diagram A, all of the electrons are paired, producing a low-spin complex, while in diagram B, there
are more unpaired electrons, indicating a high-spin complex.

Low-spin complexes result from large crystal field splitting energies (A), which are produced by
strong-field ligand. It is more energetically favorable to pair all of the electrons in the lower energy d
orbitals than to populate the higher energy orbitals. The opposite is true for high-spin complexes.
They are produced by weak-field ligands and have smaller A, making it less energetically costly to
populate the higher energy d orbitals, compared to pairing electrons.

Looking at the ligand tendencies:
Weak Field I < Br < CI" < F < OH™ < C;04> = H,O < NH3 < en < NO,™ < CN~ Strong Field

Ammonia is a strong field ligand, which would produce the electron distribution in diagram A, while
fluoride is a weak field ligand, which would produce the distribution in diagram B.



Possibly Useful Information

R =8.31441 J mol ! K*!

°C=K-273.15

R =0.0821 L atm mol™! K*!

F =96485 C mol

1A=1Csec!

-bxb? -4ac

2a

AG® = AH® — TAS® = -RTInK

AG = AG° — RTInQ

AG = -nFE

[conjugatebase]

H=pK, +lo
PH=PRa g[ [weakacid]

)

pH + pOH =14

KaKb KW = 1.00 X 10’14

Eocell = Eocathode - annode
or
Eocell = Eocathode - annode

o 2.303RT
©nF

E logQ

, 0.05916V

E logQ

Weak Field I < Br- < CI" < F- < OH™ < C,04* = H,O < NH; < en < NO,™ < CN- Strong Field

TABLE 24.3 Some Common Polydentate Ligands (Chelating Agents)

Abbreviation Name Formula
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1 Periodic Table of the Elements 2
H 2 13 14 15 16 17 He
Hydrogen oA mA IVA VA VIA VIIA Helium
1.008 2A 3A 4A 5A 6A 7A 4.003
3 4 5 6 7 8 9 10
.
Li Be B C N (o) F | Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
| 6.941 9.012 10811 1201 | 14,007 15.999 18.998 20.180
1 12 13 14 15 16 17 18
.
Na Mg | 4 5 6 7 8 9 10 1 12 Al | Si P S Cl | Ar
Sodi M: mB vB VB VvIiB vis v 1B B Al il Phosph: Sulf Chi A
29 | 26305 38 48 58 6B 78 s N 18 28 26952 || asos | soora | seoss | 3sass | 3soe8
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
Potassium Calcium Scandium Titanium Vanadium ‘Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
39.098 40078 44956 47.867 50.942 51.996 54938 55.845 | 58933 58693 63.546 | 65.38 69.723 | 72631 74922 | 78971 | 79.904 83.798
37 38 39 40 T 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
Rubidium Strontium Yttrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver ‘Cadmium Indium Tin Antimony Tellurium lodine Xenon
| 85.468 87.62 [ 88.906 91.224 ( 92.906 95.95 101.07 102.906 10642 107.868 | 112414 114818 118711 121.760 1276 126.904 131.294
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 3 86
.
Cs | Ba Hf Ta | W | Re Os | Ir Pt | Au  Hg| Tl | Pb | Bi | Po | At | Rn
Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.905 | 137328 17849 180.948 L 183.84 186.207 19023 | 192217 195.085 | 196967 | 200592 204.383 | 207.2 208.980 | [208982) | 209987 | 222018
87 88 89-103 | 104 105 106 107 108 109 110 m 12 13 14 115 116 17 118
Fr | Ra Rf Db | S Bh Hs Mt Ds Rg | Cn |  Nh| FI |Mc| Lv | Ts | Og
Francium Radium Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium || Roentgenium ‘Copernicium Nihonium Flerovium Moscovium Livermorium Tennessine ‘Oganesson
223020 226025 261) (262) (266) (264) (269) (278) 281) (280) (285) (286) (289) (289) [293) [294) [294)
57 58 59 60 61 62 63 64 65 66 67 68 (69 70 71
Lanthanid
e La | Ce | Pr Nd | Pm Sm Eu Gd Tb Dy Ho | Er | Tm| Yb | Lu
Lanthanum Cerium i Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168934 173.055 174967
89 %0 91 92 93 9 95 % 97 98 99 100 101 102 103
Actinid
ctnide | Ac | Th | Pa| U | N Pu Am|Cm | Bk | Cf | Es | Fm  Md| No | Lr
Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium i Nobelium L
227.028 232038 231.036 238.029 237.048 244064 243.061 247.070 247.070 251.080 254) 257.095 258.1 259.101 (262)




TABLE 20.1 Some Selected Standard Electrode (Reduction)

Potentials at 25 °C

Reduction Half-Reaction E°, V

Acidic solution

Fa(g) + 2~ —— 2 F (aq) +2.866
Oz3(g) + 2H (aq) + 2e” —— Oy(g) + HO() +2.075
S,05%(aq) + 2e~ —— 25042 (aq) +2.01
H,O0,(aq) + 2H"(aq) + 2~ —— 2 H,O(l) +1.763
MnO, (aq) + 8 H (aq) + 5¢~ — Mn?"(aq) + 4 H,O() +1.51
PbOs(s) + 4 H'(aq) + 2e” —— Pb?"(aq) + 2 H,O(l) +1.455
Cly(g) + 2e~ —— 2Cl (aq) +1.358
Cr:07* (aq) + 14 H'(aq) + 6 e~ —— 2 Cr*(aq) + 7 H,O(l) +1.33
MnO,(s) + 4 H'(aq) + 2e~ —— Mn?*(aq) + 2 H,O(l) +1.23
Oy(g) + 4H'(aq) + 4e —— 2 H,0O() +1.229
2105 (aq) + 12 H'(aq) + 10e™ —— I,(s) + 6 H,O(l) +1.20
Bry(l) + 2e” —— 2 Br (aq) +1.065
NO5; (aq) + 4 H(aq) + 3e~ —— NO(g) + 2 H,O(l) +0.956
AgT(aq) + e —— Ag(s) +0.800
Fe?’""(aq) +e —— Fez+(aq) +0.771
Ox(g) + 2H'(aq) + 2e~ —— H,O0(aq) +0.695
I(s) + 2e —— 21 (aq) +0.535
Cu?*(aq) + 2e~ — Cu(s) +0.340
SO4zf(aq) + 4H"(aq) + 2e —— 2 H,0(1) + SO,(g) +0.17
Sn*(aq) + 2e~ — Sn?"(aq) +0.154
S(s) + 2H%(aq) + 2e~ —— H,S(g) +0.14
2 H+(aq) + 2e —— Hjy(g) 0
Pb%*(aq) + 2e~ — Pb(s) —0.125
Sn?"(aq) + 2e~ — Sn(s) —0.137
Fe?*(aq) + 2e~ —— Fe(s) —0.440
Zn**(aq) + 2e” —— Zn(s) —0.763
AlP"(aq) + 3e” —— Al(s) —1.676
Mg?*(aq) + 2e~ —— Mg(s) —2.356
Na'(aq) + e —— Na(s) —2.713
Ca?"(aq) + 2e~ —— Ca(s) —2.84
K™(aq) + e — K(s) —2.924

Lit(aq) + e — Li(s) —3.040



