Week 10 Workshop
Electrochemistry
Balancing Redox Equation
Balance the following redox reaction & identify the oxidizing agent and reducing agent.
HCOOH + MnO4-  CO2 + Mn2+ in acidic solution


Balance the following redox reaction & identify the oxidizing agent and reducing agent.
CO2 + 2 NH2OH  CO + N2 + 3 H2O in basic solution


Voltaic Cells
Consider a simple galvanic cell consisting of two beakers connected by a salt bridge. One beaker contains a solution of MnO−4 in dilute sulfuric acid and has a Pt electrode. The other beaker contains a solution of Sn2+ in dilute sulfuric acid, also with a Pt electrode. When the two electrodes are connected by a wire, current flows and a spontaneous reaction occurs that is described by the following balanced chemical equation:
[bookmark: _GoBack]2MnO4- (aq)+5Sn2+(aq)+16H+(aq)→2Mn2+(aq)+5Sn4+(aq)+8H2O(l)
Write the half-reaction that occurs at each electrode.
Ans: MnO−4(aq)+8H+(aq)+5e− →Mn2+(aq)+4H2O(l)
Sn2+(aq)→Sn4+(aq)+2e−
Which electrode is the cathode and which is the anode?
Ans: The Pt electrode in the permanganate solution is the cathode; the one in the tin solution is the anode.
Which electrode is positive and which is negative?
Ans: The cathode (electrode in beaker that contains the permanganate solution) is positive, and the anode (electrode in beaker that contains the tin solution) is negative.
Cell Diagrams
[image: ]
*M refers to concentration. If the concentrations were not specified, they do not need to be included.
Construct a cell diagram for the following galvanic cell
3Sn(s)+2NO−3(aq)+8H+(aq)→3Sn2+(aq)+2NO(g)+4H2O(l)
	Ans: Sn(s)|Sn2+(aq)||HNO3(aq)|NO(g)|Pt(s)
[image: ]
Nernst Equation (ln K=nFEo/RT)
What is the standard free energy change and equilibrium constant for the following reaction at 25 °C? EFe (oxidation) = -0.447V; EAg (reduction) = 0.7996V
2Ag+ (aq) + Fe (s) <-> 2Ag (s) + Fe2+ (aq)
Ans: Ecell = +1.247V; Ecell = (0.0592V/n)*log K  K = 1.3 * 10^42
	deltaG = -2*96485*1.247 = -240.6 kJ/mol

Arrhenius Equation (k=Ae−Ea/RT)
It takes about 3.0 minutes to cook a hard-boiled egg in Los Angeles, but at the higher altitude of Denver, where water boils at 92°C, the cooking time is 4.5 minutes. Use this information to estimate the activation energy for the coagulation of egg albumin protein.
Ans: Ea = 8.314*ln (4.5/3.0)/(1/365K-1/373K) = 5.73 kJ/mol




Kinetics
[image: Image result for integrated rate law]
In the first-order decomposition of dinitrogen pentoxide at 335 K,
N2O5(g) → 2 NO2(g) + ½ O2(g)
If we start with a 2.50-g sample of N2O5 at 335 K and have 1.50 g remaining after 109 s, (a) What is the value of the rate constant k? (b) What is the half-life of the reaction? (c) What mass of N2O5 will remain after 5.0 min?





The following data were obtained in two separate experiments in the reaction: A → products. Determine the rate law for this reaction, including the value of k.
	Experiment 1
	Experiment 2

	[A] (M)
	time (s)
	[A] (M)
	time (s)

	0.800
	0
	0.400
	0

	0.775
	40
	0.390
	64

	0.750
	83
	0.380
	132

	0.725
	129
	0.370
	203

	0.700
	179
	0.360
	278







The slopes of these plots show that a better value for the rate constant is k = 1.0*10^(-3) 1/(M*s)
Pseudo-first order
If a 2nd order reaction has the rate equation R = k[A][B], and the rate constant, k, is 3.67M-1s-1, [A] is 4.5M and [B] is 99M, what is the rate constant of its pseudo-1st-order reaction?
Ans: Because [B] is in excess we multiply 99M with 3.67M-1s-1: (99M)(3.67M-1s-1) =  363.33s-1
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Balancing redox

1. Balance the following redox reaction & identify the oxidizing agent and reducing agent.
HCOOH + Mn0O4 = CO; + Mn* in acidic solution

2. Balance the following redox reaction & identify the oxidizing agent and reducing agent.

€02 +2 NH:0H €O + N2 + 3 H:0 in basic solution

Voltaic Cells

3. Consider a simple galvanic cell consisting of two beakers connected by a salt bridge. One beaker
contains a solution of MO in dilute sulfuric acid and has a Pt electrode. The other beaker
contains a solution of Sn* in dilute sulfuric acid, also with a Pt electrode. When the two
electrodes are connected by a wire, current flows and a spontaneous reaction occurs that is
described by the following balanced chemical equation:

2Mn0-*(ag)+5Sn*(aq)+16H"(ag) >2Mn*(ag)+55n*“(aq)+8H:0(1)
a) Write the half-reaction that occurs at each electrode.
Ans: MnO-4(ag)+8H+(ag)+Se~ >Mn2+(ag)+4H20(1)
Sn2+{aq)->Snd+(ag)+2e-
b) Which electrode is the cathode and which is the anode?
Ans: The Pt electrode in the permanganate solution is the cathode; the one in the tin
solution is the anode.
©) Which electrode is positive and which is negative?
Ans: The cathode (electrode in besker that contains the permanganate solution) is
positive, and the anode (electrode in beaker that contains the tin solution) is negative.

Cell Diagrams
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Because it is somewhat cumbersome to describe any given galvanic cell in words, a more convenient notation has been developed. In this line notation, called a cell diagram, the identity
of the electrodes and the chemical contents of the compartments are indicated by their chemical formulas, with the anode written on the far left and the cathode on the far right. Phase
boundaries are shown by single vertical lines, and the salt bridge, which has two phase boundaries, by a double vertical line. Thus the cell diagram for the Zn/Cu cell shown in Figure
20.3.3a s written as follows:

two phase boundaries
phase boundary,

) | (

Zn(s) | Zn?*(aq, + M) || Cu?*(aq, + M) | Cu(s)

anode

phase boundary

salt bridge cathode

Figure 20.3.4: A cell diagram includes solution concentrations when they are provided.

Galvanic cells can have arrangements other than the examples we have seen so far. For example, the voltage produced by a redox reaction can be measured more accurately using two
electrodes immersed in a single beaker containing an electrolyte that completes the circuit. This arrangement reduces errors caused by resistance to the flow of charge at a boundary,
called the junction potential. One example of this type of galvanic cell is as follows:

Pt(s) | Hy(g)/HCI(aq) | AgCl(s) Ag(s)

This cell diagram does not include a double vertical line representing a salt bridge because there is no salt bridge providing a junction between two dissimilar solutions. Moreover,
solution concentrations have not been specified, so they are not included in the cell diagram. The half-reactions and the overall reaction for this cell are as follows:

(20.35)

cathode reaction:
AgCl(s) +e — Ag(s) + C1 (aq) (20.3.6)
anode reaction:
1
5 How 2 Hyy e (20.3.7)
overall:
1
AgCliy + yHag) — Age) + Clyy +Hiy (20.3.8)

Asingle-compartment galvanic cell will initially exhibit the same voltage as a galvanic cell constructed using separate compartments, but it will discharge rapidly because of the direct
reaction of the reactant at the anode with the oxidized member of the cathodic redox couple. Consequently, cells of this type are not particularly useful for producing electricity.

EXAMPLE 20.3.2

Draw a cell diagram for the galvanic cell described in Example 20.3.1. The balanced chemical reaction is as follows:
3Sn(s) + 2NO, (aq) + 8H' (aq) - 350’ * (aq) + 2NO(g) + 4H,0(1)

Ivanic cell and redox reaction

<]




image2.png

