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A.
Balance Cu (s) + NO3- (aq) → Cu2+ (aq) + NO2 (g) in acid.  What species is being reduced?  What species is being oxidized?  How many protons are being produced/consumed?
Steps 1 and 2:  Write the half-reactions and identify which is reduction and which is oxidation

Cu (s) → Cu2+ (aq)

(Oxidation—the oxidation number of copper is increasing from 0 to 2+)

NO3- (aq) → NO2 (g)

(Reduction—the oxidation number of nitrogen is decreasing from 5+ to 4+)

Step 3:  Balance atoms (except H and O)

This step is not necessary—copper and nitrogen are balanced.

Step 4: Balance oxygen by adding water

This step is not necessary for the copper half-reaction.

NO3- (aq) → NO2 (g) + H2O (l)

Step 5: Balance hydrogen by adding protons

This step is not necessary for the copper half-reaction.

2 H+ (aq) + NO3- (aq) → NO2 (g) + H2O (l)

Step 6: Charge balance by adding electrons

Consider:
Cu (s) → Cu2+ (aq)

(Because the total charge of the reactants is 0 and the total charge of the products is 2+, two electrons are required on the products side.  This makes the total charge on each side equal to 0.  This is consistent with the identification of this half-reaction as being oxidation—see Steps 1 and 2 above)

Cu (s) → Cu2+ (aq) + 2 e-
Consider:
2 H+ (aq) + NO3- (aq) → NO2 (g) + H2O (l)

(Because the total charge of the reactants is +1 and the total charge of the products is 0, one electron is required on the reactants side.  This makes the total charge on each side equal to 0.  This is consistent with the identification of this half-reaction as being reduction—see Steps 1 and 2 above)

e- + 2 H+ (aq) + NO3- (aq) → NO2 (g) + H2O (l)

Step 7:  Use "multipliers" to make the number of electrons gained equal to the number of electrons lost

Cu (s) → Cu2+ (aq) + 2 e-
2 x [e- + 2 H+ (aq) + NO3- (aq) → NO2 (g) + H2O (l)]

The reduction half-reaction (the one on the bottom) was multiplied by two so each half-reaction shows two electrons being transferred

Step 8:  Add the half-reactions for the Overall Reaction

Cu (s) → Cu2+ (aq) + 2 e-
+
2e- + 4 H+ (aq) +  2 NO3- (aq) → 2 NO2 (g) + 2 H2O (l)

____________________________________________

Cu (s) + 2e- + 4 H+ (aq) +  2 NO3- (aq) → 2 NO2 (g) + 2 H2O (l) + Cu2+ (aq) + 2 e-
Step 9: Cancel

Cu (s) + 2e- + 4 H+ (aq) +  2 NO3- (aq) → 2 NO2 (g) + 2 H2O (l) + Cu2+ (aq) + 2 e-
Cu (s) + 4 H+ (aq) +  2 NO3- (aq) → 2 NO2 (g) + 2 H2O (l) + Cu2+ (aq)

Step 10: Check mass and charge balancing

Same atoms on each side of the reaction arrow

Same charge (2+) on each side of the reaction arrow

B.
Balance Cr2O72- (aq) + Cl- (aq) → Cr3+ (aq) + Cl2 (g) in acid.  What species is being reduced?  What species is being oxidized?

Steps 1 and 2:  Write the half-reactions and identify which is reduction and which is oxidation

Cr2O72- (aq) → Cr3+ (aq)

(Reduction—the oxidation number of chromium is decreasing from 6+ to 3+: see below)

For Cr2O72-
Each oxygen is 2-:  7x(2-) = 14-

The charge on the entire polyatomic ion is 2-

The positive charge must be 12+  (12+ and 14- yield a total polyatomic charge of 2-)

Each chromium ion is 6+

Cl- (aq) → Cl2 (g)

(Oxidation—the oxidation number of chlorine is increasing from 1-+ to 0)

Step 3:  Balance atoms (except H and O)

Cr2O72- (aq) → 2 Cr3+ (aq)

2 Cl- (aq) → Cl2 (g)

Step 4: Balance oxygen by adding water

This step is not necessary for the chlorine half-reaction.

Cr2O72- (aq) → 2 Cr3+ (aq) + 7 H2O (l)

Step 5: Balance hydrogen by adding protons

This step is not necessary for the chlorine half-reaction.

14 H+ (aq) + Cr2O72- (aq) → 2 Cr3+ (aq) + 7 H2O (l)

Step 6: Charge balance by adding electrons

Consider:
2 Cl- (aq) → Cl2 (g)

(Because the total charge of the reactants is 2- and the total charge of the products is 0, two electrons are required on the products side.  This makes the total charge on each side equal to 2-.  This is consistent with the identification of this half-reaction as being oxidation—see Steps 1 and 2 above)

2 Cl- (aq) → Cl2 (g) + 2 e-
Consider:
14 H+ (aq) + Cr2O72- (aq) → 2 Cr3+ (aq) + 7 H2O (l)

(Because the total charge of the reactants is 12+ and the total charge of the products is 6+, six electrons are required on the reactants side.  This makes the total charge on each side equal to 6+.  This is consistent with the identification of this half-reaction as being reduction—see Steps 1 and 2 above)

6 e- + 14 H+ (aq) + Cr2O72- (aq) → 2 Cr3+ (aq) + 7 H2O (l)

Step 7:  Use "multipliers" to make the number of electrons gained equal to the number of electrons lost

3 x [2 Cl- (aq) → Cl2 (g) + 2 e-]

6 e- + 14 H+ (aq) + Cr2O72- (aq) → 2 Cr3+ (aq) + 7 H2O (l)

The oxidation half-reaction (the one on the top) was multiplied by three so each half-reaction shows six electrons being transferred

Step 8:  Add the half-reactions for the Overall Reaction

6 Cl- (aq) → 3 Cl2 (g) + 6 e-
+
6 e- + 14 H+ (aq) + Cr2O72- (aq) → 2 Cr3+ (aq) + 7 H2O (l)

____________________________________________

6 Cl- (aq) + 6 e- + 14 H+ (aq) + Cr2O72- (aq) → 2 Cr3+ (aq) + 7 H2O (l) + 3 Cl2 (g) + 6 e-
Step 9: Cancel

6 Cl- (aq) + 6 e- + 14 H+ (aq) + Cr2O72- (aq) → 2 Cr3+ (aq) + 7 H2O (l) + 3 Cl2 (g) + 6 e-
6 Cl- (aq) + 14 H+ (aq) + Cr2O72- (aq) → 2 Cr3+ (aq) + 7 H2O (l) + 3 Cl2 (g)

Step 10: Check mass and charge balancing

Same atoms on each side of the reaction arrow

Same charge (6+) on each side of the reaction arrow

C.
What is voltage?  What is the voltage of a battery that contains CuSO4 (aq) and a copper metal electrode in one compartment and Al2(SO4)3 (aq) and an aluminum electrode in the other?

Half-reactions as found in Table 18.1:



Cu2+ (aq) + 2e- ( Cu (s)

E( = +0.34 V



Al3+ (aq) + 3e- ( Al (s)

E( = -1.66 V


Because Cu2+ (aq) is a better oxidizing agent than Al3+ (aq) [as the reduction reaction for Cu2+ (aq) is higher in Table 18.1 than for Al3+ (aq)], Cu2+ (aq) will gain electrons from Al (s).  The reactions that occur are:



Cu2+ (aq) + 2e- ( Cu (s)

Al (s) ( Al3+ (aq) + 3e-

(Flipped to show oxidation—it was flipped 

because it sits lower in the table than the "copper" half-reaction)


The voltage of the battery is the difference between the two half-reactions:



Cu2+ (aq) + 2e- ( Cu (s)

E( = +0.34 V
|










| Difference is +2.00 V



Al3+ (aq) + 3e- ( Al (s)

E( = -1.66 V
|


The voltage is pull of electrons (1 V = 1 J/1 C).

D.
Consider the reaction of aqueous aluminum nitrate and magnesium metal (to produce Mg2+).  Balance this reaction.


Well, let's write half-reactions:

Al3+ (aq) + 3e- ( Al (s)

Mg (s) ( Mg2+ (aq) + 2e-

(Flipped to show oxidation—it was flipped 

because it sits lower in the table than the "Aluminum" half-reaction)


The species gaining electrons is Al3+ (aq).

The reducing agent is Mg (s).  It is reducing Al3+ (aq).  It is giving Al3+ (aq) electrons.

The oxidizing agent is Al3+ (aq).  It is oxidizing Mg(s).  It is taking electrons from Mg(s).

The species being reduced is Al3+ (aq).  It is gaining electrons and being reduced from 3+ to 0.


The species being oxidized is Mg (s).  It is losing electrons and being oxidized from 0 to 

2+.

1.
A student provides a current of 2.00 amps through a solution of AuCl3 (aq).  The voltage is such that gold metal is deposited.  Determine the time required for 20.0 grams of Au to be deposited.


Au3+ (aq) + 3 e- → Au (s)


20.0 g Au (1 mol/197 g) = 0.1015 moles Au


0.1015 moles Au (3 moles e-/1 mole Au) = 0.3046 moles e-

0.3046 moles e- (96500 Coulombs/1 mole e-) = 29390 Coulombs


29390 Coulombs (1 s/2.00 Coulombs) = 14695 s



(1 Amp = 1 Coulomb/s)


14695 s (1 min/60 s)(1 hour/60 min) = 4.08 hours

2.
Identify the number of protons, neutrons, and electrons in Ar-39, K-40, N-14, and C-14.


Ar-39
18p (element number 18)



21n (39 – 18 = 21)



18 e- (same number of electrons as protons in the neutral atom)


K-40
19p (element number 19)



21n (40 – 19 = 21)



19e- (same number of electrons as protons in the neutral atom)


N-14
7p (element number 7)



7n (14 – 7 = 7)



7e- (same number of electrons as protons in the neutral atom)

C-14
6p (element number 6)



8n (14 – 6 = 8)



6e- (same number of electrons as protons in the neutral atom)

3.
Describe the three types of nuclear radiation.


α
"alpha"

2p and 2n (termed a helium nucleus)  42He2+

β
"beta"

an electron 0-1e-
γ
"gamma"
gamma radiation is high energy electromagnetic radiation (no 

mass)

4.
Am-242 decays to produce a beta particle and ________________.

24295Am → 0-1e- + _______

the other product is 24296X because the mass number on both sides of the reaction arrow is 242 and the atomic number on both sides of the reaction arrow is 95.  This corresponds to 24296Cm.

5.
Ra-228 decays to produce an alpha particle and _________________.

22888Ra → 42He2+ + _______

the other product is 22486X because the mass number on both sides of the reaction arrow is 228 and the atomic number on both sides of the reaction arrow is 88.  This corresponds to 22486Rn.

6.
Write a nuclear equation for the decay of Co-60m by γ emission.

60m27Co → γ + _______
the other product is 6027X because the mass number on both sides of the reaction arrow is 60 and the atomic number on both sides of the reaction arrow is 27.  This corresponds to 6027Co.  60m27Co is in the excited state and will emit a gamma ray to become 6027Co.

7.
A student isolates a sample of tritium containing 1,000 atoms.  What will be the number of tritium atoms 12.26 years from now?  2000 years from now?


The half-life of tritium (hydogen-3) is 12.26 years.  The meaning of this is that in 12.26 years half the sample will decay.  In other 12.26 years half of that sample will decay...
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The above plot shows 1000 hydrogen-3 atoms decaying.  After one half-life (12.26 years) 500 remain.  After another half-life 250 remain...  By 2000 years no hydrogen-3 atoms remain.  All have decayed into helium-3:

31H → 0-1e- + 32He


This first-order process can be mathematically expressed as


ln[At/Ao] = -kt


where At is the amount of sample at time t, Ao is the original amount of sample, k is the decay constant, and t is the time.


The decay constant, k, can be determined from the half-life.  The half-life is the time required for half the sample to decay.


ln[1/2] = -kt1/2

The half-life of tritium is 12.26 years


ln[1/2] = -k(12.26 y)

note:
ln[1/2] is –0.6931, can you show this on your 

calculator?


-0.6931 = -k(12.26 y)


k = 0.05654 y-1

Now that we have determined the decay constant we can calculate the number of tritium atoms 12.26 years from now?  2000 years from now?

For 12.26 years:
ln[At/Ao] = -kt




ln[At/1000] = -(0.05654 y-1)(12.26 y)




ln[At/1000] = -0.6931




to solve we need to take the antilog (ex)of both sides:




e(ln[At/1000]) = e(-0.6931)



At/1000 = 0.5000




At = 500

For 2000 years:
ln[At/Ao] = -kt




ln[At/1000] = -(0.05654 y-1)(2000 y)




ln[At/1000] = -113




to solve we need to take the antilog (ex)of both sides:




e(ln[At/1000]) = e(-113)



At/1000 = 7.76 x 10-50



At = 7.76 x 10-47
We must examine this number and conclude that it is zero—the 

last hyrogen-3 atom has already decayed.

8.
Explain the carbon cycle.  How is carbon used for dating artifacts?  Explain you have a greater C-14 concentration than a fossil.


The radioactive nuclide carbon-14 is formed in the upper atmosphere from the bombardment of nitrogen-14 with neutrons from cosmic radiation:


147N + 10n → 146C + 11H


The carbon-14 is integrated into atmospheric CO2 (g) where it is consumed by plants and is then incorporated into animals (and humans).  I understand that the carbon-14 in our bodies represents one of every 1,000,000,000,000 carbon atoms (most of the carbon atoms being carbon-12, 98.892%, and carbon-13, 1.108%).  Carbon-14 has a half-life of 5730 years and the carbon-14 in our bodies is decaying.  So as long as we eat and breathe we are replenishing our carbon-14 to keep the level constant.  A plant or mammal does not replenish its carbon-14 after death.  Euphemism:  George Washington is not in the carbon cycle.


Fossils have less C-14 than you because the C-14 in both the fossil and you is decaying, however, your C-14 is being replenished (you eat and breathe—you are part of the carbon cycle).  Items can be dated by examining their C-14 levels.  Lower C-14 levels are observed for older items.  For example, old paper was made with wood pulp that was once part of the carbon cycle.  Once out of the carbon cycle, the wood pulp loses C-14 and it is not replenished.

9.
Argon-37 decays to produce a beta particle and _______________.

3718Ar → 0-1e- + _______

the other product is 3719X because the mass number on both sides of the reaction arrow is 37 and the atomic number on both sides of the reaction arrow is 18.  This corresponds to 3719K.

10.
Thorium-232 decays to produce an alpha particle and __________.

23290Th → 42He2+ + _______

the other product is 22888X because the mass number on both sides of the reaction arrow is 232 and the atomic number on both sides of the reaction arrow is 90.  This corresponds to 22888Ra.

11.
Discuss the electrolysis of water [H2O (l) into the elements].

When a current is passed through water (which contains an electrolyte) of sufficient voltage hydrogen and oxygen gases are produced:


2 H2O (l) → 2 H2 (g) + O2 (g)

This is thought to be the best (cost effective) way of producing hydrogen gas for the hydrogen economy—see next question.

12.
What is meant by the "hydrogen economy" and the "fuel cell?"

The use of hydrogen gas as a fuel—we discussed many issues, chemical and political, in class:


2 H2 (g) + O2 (g) → 2 H2O (l)

Heat is produced with the combustion of the above process.

Electrical current is produced with a fuel cell utilizing the above process (see Fuel Cell handout from Wedneday, May 8).

13.
How are X-rays produced?

X-rays are produced from electron capture.  In this process a core electron is absorbed by the nucleus (this core electron is usually in a 1s, 2s, or 2p shell).  The electron combines with a proton to form a neutron:


0-1e- + 11p → 10n

The X-ray is generated when an electron drops down into the vacated level—the X-ray is the accompanied release of energy.

14.
How long will it take for the sample of P-32 to decay from 20,000 atoms to 5,000 atoms?  How long will it take for the sample of P-32 to decay from 20,000 atoms to 4,000 atoms?


From Table 19.2—Page 824, the half-life of P-32 is 14.3 days.  It can be seen that 20,000 atoms will decay to 5,000 atoms in two half-lives (2 x 14.3 days = 28.6 days).  Is this true?


A calculation will need to be made to determine the time for 4,000 atoms to remain:

For 4,000 atoms:
First calculate the decay constant





ln[1/2] = -kt1/2




The half-life of P-32 is 14.3 days




ln[1/2] = -k(14.3 d)





-0.6931 = -k(14.3 d)





k = 0.04847 d-1



Second, using newly determined decay constant, calculate the 

time:

ln[At/Ao] = -kt




ln[4,000/20,000] = -(0.04847 d-1)(t)




t = 33.20 d 
(this is a little greater than the 28.6 days required 

for 5,000 atoms to remain)

15.
How are positrons produced?


Positrons are formed in the nucleus when a proton converts to a neutron:


11p → 10n + 01e+
16.
Determine the oxidation number of titanium in K2TiO3.


K+
K+
O2-
O2-
O2-
Ti4+
17.
What is rust and how is it formed?

Rust is formed by the oxidation of Fe (s).  Some combination of Fe2O3, Fe(OH)2, Fe(OH)3.

18.
What is a fuel cell?  How does a fuel cell differ from an internal combustion engine?


A fuel cell converts chemical energy into electrical energy (termed an electrochemical cell).  The internal combustion engine converts chemical energy into heat (combustion of hydrocarbons in oxygen to produce carbon dioxide and steam).


The overall reaction for the hydrogen fuel cell is:

2 H2 (g) + O2 (g) → 2 H2O (g)


The cell provides a DC (direct current) theoretical voltage of 1.2 Volts.  The class handout shows the half-reactions and offers a view of the cell.

19.
Contrast fusion and fission.  Give a reaction for each.


Fusion is the nuclear process in which nuclei are fused together (put pieces together).  An example is:


11H + 21H ( 32He


Fission is the nuclear process in which a nucleus breaks apart.  An example is:


10n + 23592U ( 13752Te + 9740Zr + 2 10n

20.
What is the significance of E = mc2?  When mass is lost, energy is _____________.  Noting that "u" is g/mol, complete problems 59 and 60 on page 845.


E = mc2 relates energy and mass.  A working expression is E = c2Δm. When mass is lost (Δm is negative) the process is exothermic (E is negative).


Problems 59 and 60 on page 845 are solved by plugging in to E = c2Δm where c is the speed of EM (3.00 x 108 m/s) and Δm = mass (products) – mass (reactants).  Change grams to kg to calculate energy in Joules.

21.
What is a Lewis base?  What is a Lewis acid?

Let me start by stating that we are familiar with many bases and acids.  Those we know to be bases are Lewis bases and those we know to be acids are Lewis acids.  Our previous ideas of bases and acids came from Arrhenius, Bronsted, and Lowry.  These ideas involved protons—bases accept a proton and acids donate a proton.  Gilbert Lewis expanded the definitions of bases and acids to include species that didn't necessarily transfer a proton.

A Lewis base donates a pair of electrons to make a new bond.

A Lewis acid accepts a pair of electrons to make a new bond.

We previously identified ammonia as a base because of its ability to accept a proton:

:NH3 (aq) + H2O (l) ( H:NH3+ (aq) + OH- (aq)

Ammonia is a Lewis base because it donates a pair of electrons to make a new bond (this pair of electrons is shown in the above reaction).

Consider the reaction of a silver ion and two ammonia molecules to produce the transition metal complex [Ag(NH3)2]+.

Ag+ (aq) + 2 :NH3 (aq) ( [H3N:Ag:NH3]+ (aq)

As before, ammonia is a Lewis base (each ammonia molecule is donating a pair of electrons to form a new bond).  Because no proton is being transferred we could not classify ammonia as a base in the Arrhenius, Bronsted, or Lowry sense.  Lewis broadened the definitions of bases and acids.

What is the Lewis acid is the reaction:

Ag+ (aq) + 2 :NH3 (aq) ( [H3N:Ag:NH3]+ (aq)?

It is the silver ion—it is accepting a pair of electrons to form a new band (actually it is accepting two pairs of electrons to form two new bonds).

HCl is a strong acid (it dissociates 100%).  It is a Lewis acid because the proton accepts a pair of electrons from water to form a new bond:

HCl (aq) + H2O (l) ( Cl- (aq) + H3O+ (aq)

22.
Does water act as a Lewis base?  Draw the Lewis structure and explain.

Yes, water acts like a Lewis base—especially in transition metal chemistry.  The lone pairs of electrons on the oxygen atom are donated to a metal ion to form a new bond.


[image: image2.png]





Where M is the metal ion.  A Lewis base donates a pair of electrons to form a new bond.

23.
Does en act as a Lewis base?  Draw the Lewis structure and explain.

Yes, en acts as a Lewis base.  It has two lone pairs of electrons—one pair on each nitrogen.  It is a bidentate—it binds with the metal ion at two sites.  :NH2CH2CH2H2N:

24.
List and draw two additional Lewis bases.


chloride ion


fluoride ion


iodide ion


water


ammonia


en


edta


cyanide ion


oxalate ion


oxide ion


sulfide ion


hydroxide ion


many more (think of a species that can donate a pair of electrons to form a new bond)

25.
Does Co3+ act as a Lewis acid?  Draw the Lewis structure and explain.  List and draw two additional Lewis acids.


Yes, Co3+ like the transition metal ions acts as Lewis acids.  They accept a pair (or several pairs) of electrons to form a new bond (several new bonds).  On the left side of the structure below I have written the chemical formula of ammonia with the nitrogen at the end to indicate the nitrogen is the atom bonded to the metal ion.
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26.
Sketch [Pt(H2O)4]2+ (square planar).


[image: image4.png]



27.
Sketch [Ni(ox)2]2- (tetrahedral).


ox is the oxalate bidentate


[image: image5.png]



28.
Sketch [Co(NH3)6]2+.
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29.
The coordination number for Cu in K3[Cu(ox)3] is:


CN = 6.  There are six teeth biting into the metal ion.  Each oxalate is a bidentate.

30.
The coordination number for Fe in K[Fe(en)] is:

CN = 2.  There are two teeth biting into the metal ion.  The ethylene diamine is a bidentate.

31.
Does [Fe(CN)6]3- have cis- and trans- isomers?  Explain.  Draw them if they exist.  Are either polar?


No cis- and trans- isomers.  All six ligands are identical.

32.
Does [Fe(CN)5Cl]3- have cis- and trans- isomers?  Explain.  Draw them if they exist.  Are either polar?


No cis- and trans- isomers.  There are five CN- ligands and one chloride ion ligand.  The chloride ion will always be surrounded by five CN- ligands. There is only one structure for [Fe(CN)5Cl]3- and it is polar.

33.
Does [Fe(CN)4Cl2]3- have cis- and trans- isomers?  Explain.  Draw them if they exist.  Are either polar?

Yes, there are two chloride ion ligands and they can be either across from each other (trans-) or next to each other (cis-).  The trans- isomer is not polar; the cis- isomer is polar.
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34.
Does [Fe(CN)Cl5]3- have cis- and trans- isomers?  Explain.  Draw them if they exist.  Are either polar?


No.  Only one CN- ion (see question 32).
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