











ELECTROLYTIC CELLS

Electrolysis

Describe an electrolytic cell:

Electrolysis of Molten (fused) NaCl
Draw and describe the reactions that occur during the electrolysis of molten NaCl:
Note the anode and cathode, their charges, and the specific reactions occurring there.

Electrolysis of aqueous NaCl
Draw and describe the reactions that occur during the electrolysis of NaCl(aq):
Note the anode and cathode, their charges, and the specific reactions occurring there.
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Electrolysis of water:
Draw and describe the reactions that occur during the electrolysis of water:
Note the anode and cathode, their charges, and the specific reactions occurring there.

REMEMBER Oxidation ALWAYS occurs at the

In a galvanic cell, the anode is

In an electrolytic cell, the anode is

Faraday’s Law

What is the equivalent weight of a metal?

What is Faraday’s Law?

Get these definitions:

1 faraday

1 coulomb
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Electroplating

Calculate the mass of copper plated out when 1.60A of current is
applied to a CuSOy solution for 1.0 hour.

Lesson 49:

CORROSION

The Chemistry of Corrosion

What do we generally mean by “corrosion”?

Describe the circumstances where corrosion is most likely to occur.

Describe the process for iron that explains the ready corrosion of iron. Note the anodic
and cathodic reactions:
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Complete the explanation of iron corrosion by showing how “rust” is formed.

Corrosion Protection

How can we protect against corrosion?

Explain “passivity.”

Why do we coat iron with zinc and how does it work? (Use the term “sacrificial anode.”

Explain the chemistry of “tarnish.” (Error: silver sulfide is Ag,S)
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A Survey of Problems

How many grams of cobalt will be deposited from a solution of CoCl,
using a 20.0 amp current for 54.5 minutes?

(Watch out! Dr. Etheridge wrote down the wrong number of coulombs. It should
have calculated to be 65,400 C. BUT, she carried the correct value in her
calculator and came out with the correct answer in the end.)

To which electrode should a spoon be attached in order to silver plate a
spoon from a Ag' solution? Explain. If you decided to plate a spoon from
a block of silver, to which electrode should the block be attached?
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A current of 9.0 amps flowed for 45 minutes through water containing a
small quantity of NaOH. How many liters of gas were formed at the
anode at 27.0°C and 750 Torr?
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Notes:
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Unit 10

During this unit on Nuclear Chemistry, Dr. Etheridge will

note the differences between nuclear and chemical reactions.
review isotopic notation and isotopes.

introduct mass defect and the binding energy it involves.

describe the characteristics of stable and unstable nuclei, including the band of
stability.

give a series of common emissions and their impact on the nucleus.
explain K capture.

discuss Radioactive Decay Law.

review carbon dating and how it works.

9. discuss fission vs. fusion

10. introduce nuclear reactors, parts, and common fuels.

11. describe Breeder Reactors and the problems inherent in them.

12. briefly describe several important uses of radioactivity.

b=

© N

XOX 2
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Nuclear Chemistry

During this unit, we will discuss the following:

Introduction
Nuclear Stability
Disintegrations
Fission vs. Fusion

Uses of Radioactivity

Lesson 50:

INTRODUCTION

Briefly note the work of
Henri Becquerel
Marie Curie

Pierre and Marie Curie

Note the differences between nuclear reactions and chemical reactions:
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NUCLEAR STABILITY

The Nucleus

Recall isotopic notation and write the notation for U-238.

Describe the characteristics of the nucleus:

Isotopes:

What are they?

Give names for and compare occurrences of hydrogen isotopes

Where are they found/used?

Are they all radioactive?
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Mass Defect

What holds the nucleus together?

Where does the energy come from?

Explain mass defect and the energy it involves (include “binding energy’)

Neutron-Proton Ratio:

Describe most naturally occurring nuclei:

Describe the characteristics of exceptionally stable nuclei (include the magic numbers)
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What do magic numbers suggest?

Explain and draw the “band of stability.”

w 3o "c o3

protons

One theory about how the nucleus is held together via electron exchange. Make notes if
you choose.
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Lesson 51:

DISINTEGRATIONS

Common Emissions

Type

Symbol

Identity

Charge

penetration

beta

positron

alpha particle

proton

neutron

gamma

How does a nucleus reduce the number of neutrons? Explain. Write the equation

Give an equation showing the loss of a neutron:

How can a nucleus increase the neutron to proton ratio?

Another emission to accomplish this is....
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What happens in positron emission?

Explain K capture:

Explain alpha (o) emission:

Give a series of balanced equation for the disintegration of U-238 by
a, o, B, B, followed by K-capture.

(A periodic table appears on the next page)
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Radioactive decay follows

Give the formulas for R and —kt and half life:

State Radioactive Decay Law:
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1A 8A
1 PERIODIC TABLE OF THE ELEMENTS 5
1| H He
1o | 2A 3A 4A S5A 6A  TA | anos
3 4 5 6 F 3 9 10
2| Li Be B C N Q F Ne
A 241 2012 10,811 12011 14.007 15959 18958 20.150
11 12 13 14 15 16 17 12
3| Na | Mg Al 5i P 3 Cl | Ar
22,930 24305 3B 4B 5B 6B B B 1B 2B 26,952 28088 30574 S2088 35453 35.545
19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 |} 33 | 34 | 35 | 36
4| K Ca | 5S¢ Ti Y Cr |Mn | Fe | Co | Ni | Cu | Zn | Ga | Ge | As Se Br | KEr
30058 40078 44955 4788 50.542 51.99¢ 54998 55847 5809313 SB.863 53545 6559 69,73 7281 4.0 8.5 79.904 2380
37 32 39 40 41 42 43 44 45 46 47 48 49 a0 a1 52 a3 a4
5| Rb Sr Y g Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn Sb | Te I Xe
B5.488 E1E2 BES05 L.z Q2904 9554 (981 10 lozel 10842 107 57 11241 11472 11871 1217 12740 12/ 50 13129
55 56 97 72 73 74 i) 76 77 78 79 20 81 32 83 24 85 Bé
6| Cs | Ba | La | Hf | Ta | W | Re | Os Ir Pt ([ Au | Hg | Tl | Pb [ Bi | Po | At | Rn
13200 137533 13291 17242 18095 18324 18421 1902 192X 19508 1997 20052 20458 22 20898 (209 (210 (22
87 38 39 104 105 106 107 108 109 110 111 112 114 116 118
7 Fr Ra Ac Rf Db Sg Bh Hs Mt nralfne n::ne n::ne nral:ne clo]-?;bt d:?;bt
) | 2mm | 2wmm | ol | o | @ | ) | @es | @ | o) | @m | e
58 59 &0 61 62 63 64 65 66 &7 63 69 70 Tl
LAWNTHAMIDES | Ce [Pr |Nd |[Pm |{Sm |Fu |Gd [Th |Dy |(Ho |Er |Tm | Yb | ILu
14012 14091 14424 [145) 130538 15197 15725 15892 18250 16493 187 2% 18853 T3 17497
a0 91 9z 93 94 94 96 97 98 99 100 101 102 103
ACTINIDES Th (Pa | U |Np |Pu |Am |[Cm |Bk |Cf |Es |(Fm |Md |No |Lr
232 231 4 23803 23705 (2447 243 247 247 (2517 [252) (257 (258 259 (280)
Half-Life




Dr. Etheridge gives the derivation for several equations from the kinetics studied earlier.
Give the derivations if you see fit or at least give the newly stated equations for use in
radioactivity:

Co-60, used in the treatment of cancer, has a half life of 5,271 years.
(a) What is the decay constant for a 3.00 mg sample of Co-60?
(b) What is the activity of this sample? and
(c) What will the rate of decay become after 10 years?
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Lesson 52:

Carbon Dating (Review)

Explain how it works:

C-14 decays by and has a half-life of years

Important Series

Heavy elements tend to undergo emissions

Disintegration of heavy elements eventually wind up producing

When Dr. Etheridge referred to the “activity series” as she discussed heavy elements, she
was actually referring to the periodic table.

No elements above (past) have any stable isotope

FISSION VS. FUSION
Fission:

Give the equations for the bombardment of U-235 with a neutron:

Explain how this sets off a chain reaction:

How can a chain reaction be prevented?

What is meant by a “critical mass”?
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How can these reactions be controlled? Explain.

Fusion:

What is fusion?

When the two scientists announced their ability to perform “cold nuclear fusion” it was
very exciting. If, indeed, it had happened, why would it be so important?

Nuclear Reactors:

What are the common fuels?

Draw the fundamentals of the reactor and label the parts:
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Explain how the system produces electricity:

How is the reaction controlled?

What are Breeder Reactors? How do they work?

Explain how it “produces more fuel than it consumes.”

Why don’t we use breeder reactors?
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USES OF RADIOACTIVITY

You should list and know these uses of radioactivity:

Begin with U-235. Write a series of balanced equations showing an
o, B, 'n emission, followed by a K-capture.

A wooden artifact is shown to contain 6.8 x 10°g C-14. A living piece of
wood contains 5.8 x 10'5g of C-14. How old is the artifact? t;, for C-14
is 5730 years.
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NOTES:
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1+ elements

H+
Li
Na"
K+
Cs"
N
Ag+
Cu’ (cuprous)
Hg,™" (mercurous)

1+ radicals*

H;O" (hydronium)
NH," (ammonium)

Table of Common Oxidation Numbers

2+ elements

++
o

Sr++

Ba++

Zn++

Cd++

Cr'™" (chromous)
Mg (manganous)
Fe'™ (ferrous)
Co " (cobaltous)
Ni'" (nickelous)
Sn"" (stannous)
Pb™" (plumbous)
Cu"" (cupric)
Hg"™ (mercuric)

3+ elements

AT
Bi+++
Cr™" (chromic)

4+ elements

Pb™™" (plumbic)
Sn"" (stannic)

Fe™" (ferric)
Mn""" (manganic)
Co""" (cobaltic)
Ni™™ (nickelic)
As™ (arsenous)

5+ elements

As™™ (arsenic)

1- elements

H’ (hydride)
P

Cr

Br

I

2- elements

o
g

3- elements

N;

P:

1- radicals®

C,H30;" (acetate)
CN’ (cyanide)
NOjs" (nitrate)
NO; (nitrite)

OH’ (hydroxide)
SCN’ (thiocyanate)

CIO" (hypochlorite)

CIO;" (chlorite)
ClO5 (chlorate)
CIO4  (perchlorate)
BrOs™ (bromate)

BrOy4 (perbromate)
MnOy (permanganate)

1- radicals (cont)

HSO4 (bisulfate)
HSOs5" (bisulfite)
HS™ (bisulfide)
HCOj5" (bicarbonate)
HC,04 (binoxolate)

2- radicals*

SO4 (sulfate)

SO; ™ (sulfite)

S,0; (thiosulfate)
CO; (carbonate)
C,04 (oxalate)

O, (peroxide)
SiO; (silicate)
CrO4 (chromate)
Cr,07 (dichromate)

3- radicals*

BO;™ (borate)
PO, (phosphate)
PO;™ (phosphite)
AsQ,” (arsenate)
AsOs (arsenite)

* The term “radicals” is an older term for polyatomic ions.
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ACTIVITY SERIES OF THE ELEMENTS
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Solubility Rules

. All nitrates, acetates, compounds of sodium and potassium, and all
ammonium compounds are soluble.

. All chlorides are soluble except those chlorides of silver, mercurous, and
lead, although PbCl, is moderately soluble in hot water.

. All sulfates are soluble except those of barium and lead. Calcium sulfate,
mercurous sulfate, and silver sulfate are only slightly soluble.

. All carbonates and phosphates are insoluble except those of sodium,
potassium, and ammonium.

. All hydroxides are insoluble except sodium, potassium, ammonium, and
barium.

. All sulfides are insoluble except those of sodium, potassium, and ammonium
and the alkaline earth metals.

. There are a few uncommon compounds of sodium, potassium, and
ammonium that are not soluble.

. All silver compounds are insoluble except silver nitrate and silver
perchlorate. Two important moderately soluble silver salts are silver acetate
and silver sulfate.

Select Solubility Product Constants
Formula K
AgCl 1.8x 10"
AgBr 5x 107"
Agl 8.5x 10"
Hg,Cl, 1.1x 10"
PbCl, 1.7x 107
Pbl, 8.3x10”
AgCO; 8.1x 107"
BaCO; 1.6 x 107
CaCO; 4.8x 107
CuCO;s 2.5x10™"
Ca(OH), 1.3x10°
Ag,S0y4 1.7x 107
BaSO, 1.5x 107
SrSO, 2.8x 107
Ag,S 1x10°%(?)
ZnS 1.1x 107
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Select Reduction Potentials

K ' +1¢

Ca’m +2¢

Na" + 1¢

Mg”" + 2¢

7n’" + 2¢

Fe?' + 2¢
NiZt + 2¢

Pb>" + 2¢

2H + 2¢
Cu®" + le
Cu®" + 2¢
Fe'' +1¢

Bry(¢) + 2¢

- K°
— Ca’°
— Na’
— Mg°
— Zn°
— Fe°
— Ni°
— Pb°

— H20

.
— Cu

— 2Br

Ag- + e — Ag°

-2.924

-2.840

-2.713

-2.356

-0.763

-0.440

-0.257

-0.125

0.00

+0.520

+0.34

+0.771

+1.065

+1.98
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EQUILIBRIUM CONSTANTS FOR

WEAK ACIDS
ACID Ka

Acetic HC,H;0, or HOAc 1.76 x 107
Carbonic  H,CO; K, 43x107

K, 5.61x 107"
Formic ~ HCOOH 2.1x10*
Hydrocyanic HCN 40x10"
Hydrofluoric HF 6.9x 10"

K, 1.0x 107

Hydrosulfuric H,S S 13x 107

Nitrous  HNO, 45x10™

. K, 3.8x 107
Oxalic H2C204 Kg 50x 10_5
K, 7.1x 107
Phosphoric H3PO4 K> 63x10"
K 44x 107"
K, 1.71 x 10~
Sulfurous K 6.0x 107

EQUILIBRIUM CONSTANTS FOR
WEAK BASES
BASE Ky
Ammonium hydroxide NH,OH 1.8x 107
Aniline C¢HsOH 7.4x 107"
Ethylamine C,HsOH 43x 10"
Methylamine CH;0H 42x10"
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TABLE OF SELECTED INDICATORS

NAME pH RANGE COLORS pK.,
Methyl violet 0.0-1.6 Yellow to blue
Thymol blue 1.2-28 Red to yellow 1.65
Methyl orange 32-44 Red to yellow 3.46
Bromophenol blue 3.0-4.6 Yellow to blue 4.10
Congo red 3.0 -5.0 Blue to red
Bromocresol green 3.8-54 Yellow to blue 4.90
Methyl red 4.4-6.2 Red to yellow 5.00
Bromocresol purple 52-6.8 Yellow to purple 6.40
Litmus 4.5-8.3 Red to blue
Bromothymol blue 6.0 -7.6 Yellow to blue 7.30
Phenol red 6.8 -8.2 Yellow to red 8.00
Thymol blue 8.0-9.6 Yellow to blue 9.20
Phenolphthalein 8.3-10.0 Colorless to red 9.5
Alizarin yellow R 10.0-12.0 Yellow to red
Indigo carmine 11.4-13.0 Blue to yellow
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PERIODIC TABLE OF THE ELEMENTS

1A SA
1 2
1| H He
1.0079 | 2A 3A 4A 5A 6A TA | 4.0026
3 4 5 6 7 8 9 10
2 Li |Be B |C [N |O |F [Ne
6.941 | 9.012 108U 12011 | 14007 | 15999 | 18998 | 20.180
11 |12 13 4 |15 |16 [17 |18
3 | Na | Mg Al {si P S |Cl |Ar
22990 | 24305 | 3B 4B 5B 6B 7B <«— 8B —» 1B 2B | 26982 [ 25086 | 30.974 | 32.066 | 35.453 | 39.948
19 |20 [21 [22 [23 [24 |25 |26 |27 |28 |29 [30 |31 |32 )33 [34 |35 |36
41 K |Ca |Sc |Ti |V |Cr |[Mn [Fe |[Co |Ni |Cu |Zn |Ga |Ge |As |Se |Br Ky
39.098 40.078 44956 | 47.88 50.942 51.996 54.938 55.847 58.933 58.693 63.546 65.39 69.723 72.61 74.922 78.96 79904 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
5 |Rb |Sr Y |Zr |[Nb [Mo |[Tc [Ru [Rh |[Pd |Ag |Cd |In |Sn |Sb [Te | I Xe
85.468 87.62 88.906 91.224 92.906 95.94 98) 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 12@ 126.90 131.29
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 \ 85 86
6 | Cs |Ba |La |Hf |[Ta | W |Re |Os |Ir |Pt |Au [Hg [Tl |Pb |Bi |Po JAt |Rn
132.90 137.33 138.91 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 207.2 208.98 (209) (210) (222)
87 88 89 104 | 105 | 106 |107 |108 |109 |110 | 111 112 114 116 118
7 | Fr Ra |Ac |Rf |Db |Sg Bh | Hs Mt
(223) | 22603 | 227.03 | (261) | (262) | (263) | (262) | (265) | (266) | (269) | (272) | 7)) | unk unk unk
58 59 60 61 62 63 64 65 66 67 68 69 70 71
LANTHANIDES | Ce | Pr Nd |Pm |Sm |Eu |Gd |Tb |Dy |Ho |Er Tm |Yb |Lu
140.12 140.91 144.24 (145) 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04 174.97
90 91 92 93 94 95 96 97 98 99 100 101 102 103
ACTINIDES Th | Pa U Np |[Pu |Am |Cm |Bk |[Cf |Es Fm |Md |No |Lr
232.04 231.04 238.03 237.05 (244) (243) (247) (247) (251) (252) (257) (258) (259) (260)

Elements 110, 111, 112, and 114 have not been named. Proposed elements 116 and 118 are in question.
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