
CHAPTER 8

                  ELECTROCHEMICAL CELLS
8.1 
The Daniel Cell: 

(
The voltage produced by such cell depends on the concentration of the Zn2+ and Cu2+ ions in the two solutions.

(
If the molalities of the two solutions are 1ml Kg-1 (1m), the cell is called standard cell:. 

Zn ( Zn2+ + 2e- 

anodic oxidation
Cu2+ + 2e ( Cu2+

cathodic reduction 

(
Therefore, there is a flow of electrons from the zinc to the copper electrode in the outer cell. This means that current is moving from left to right in the cell itself.

(
There can thus be a flow of current, which can lead to the performance of mechanical work, and the electrochemical cell thus transforms chemical energy into work. 

(
The driving force of the electrons through the all is called the electromotive force EMF.

(
The cell EMF is the sum of the two electrodes potentials:
Eo = Eoamode + Eocathode
                                = Eoox + Eored
8.2 Standard Electrode Potential: 

(
By using a standard electrode, the potential values of other electrodes can be measured with reference to that standard. 

(
The standard Hydrogen Electrode:

H2 ( 2H+ + 2e-
The emf corresponding to this electrode is arbitrarily assigned to have the value of zero.

(
Under standard conditions, the emf values are known as standard reduction potentials and are given the symbol Eo. 

(
To illustrate the standard electrode (reduction) potentials consider the cell shown in the (Figure). 

(
The two solutions are connected by a “salt bridge” such as a potassium chloride solutions which conducts electricity (complete the electrical circuit) but does not allow bulk mixing of the two solutions. Alternatively, an agar gel containing KCl is commonly used: 

Eocell = EoH2/H+ + EoMz+/M
(
The voltaic cell shown in the (Figure) can be represented as follows: 

Pt, H2 (1 atm) |H+ (1m)||Cu2+(1m)|Cu

(where the double vertical lines represent the salt bridge)
(
The observed emf is +0.34v. There is therefore a greater tendency for the processes: 

Cu2+ + 2e- ( Cu


(1)

to occur than for the process:
2H+ + 2e- ( H2


(2)

(i.e eqation (1) is more spontaneous than equation (2) as reduction).
(
When the observed emf is –ve, the process tend to occur more as an oxidation (i.e. the process is non-spontaneous as reduction)

e.g:

Zn2+ + 2e- ( Zn

Eored = -0.7628v

(
In general, the more the +ve the Eo the more the spontaneity of the process to occur as written in the Table 8.1. 

(Table 8.1 gives a list of such electrode potentials in which the reactions are written as reduction processes).

(
By combining the two standard electrodes we can deduce the emf of a cell involving the two electrodes: 

Eocell = Eored + Eoox
(
A galvanic cell can be constructed by combining any two electrodes. 

For example Daniell cell: 

Cu2+ + 2e- ( Cu


Eo = 0.34v

Zn2+ + 2e- ( Zn


Eo = -0.76v

For the cell:
Zn|Zn2+ (1m)||Cu2+ (1m)|Cu

The two half all reactions are: 

at anode:    
Zn ( Zn2+ + 2e-


Eoox = 076v

at cathode:
Cu2+ + 2e- ( Cu


Eored = o.34v

Zn + Cu2+ ( Zn2+ + Cu
Eocell = 1.10v

Other Standard Electrodes: 

(
The standard hydrogen electrode is not the most convenient detrude because of the necessity of bubbling hydrogen over the platinum electrode. Several other electrodes are commonly used as secondary standard electrodes. 

1) One of these is the standard silven-silven chloride electrode: 

Ag|AgCl|Cl- (1m)

AgCl + e- ( Ag + Cl-

Eo = 0.2224v

Silver electrode is in contact with solid AgCl which is an highly insoluble salt. The whole is immersed in potassium chloride sel~ in which Cl conc~ is 1m. 

2) Another commonly used electrode is the Calomel electrode. 

Hg|Hg2Cl2|Cl- (1m)

1/2 Hg2Cl2 + e- ( Hg + Cl-

Eo =0.3338v

In this electrode, mercury is in contact with mercurous chloride immersed either in aim KCl sel~ (Eo =0.3338v) or in asalureltd KCl sel~ (Eo = 0.2415v).

3) Glass electrode: 
The theory of the glass electrode is some what complicated, but when the bulb is inserted into an acid solution, it behaves like a hydrogen electrode this electrode is particularly convenient for making pH determinations. 

Ion – Selective Electrodes: 

Like the glass electrode, the ion – selective electrodes are membrane electrodes, that same of them are highly selective to particular ions. See figure 8.6.

8.3 Thermodynamics of Electrochemical Cells: 

In gerneral for any standard-cell reaction associated with the passage of Z electrons and an emf of Eo, the change in Gibbsenergy is: 

Δgo = -zFEo

(1) +ve spontaneous 





     -ve nonspontaneous

sinilerly: 

ΔG = -zFE

(2)

For any reaction: 

aA + bB + …( cC + dD + …

ΔG = ΔGo + RT ln Q

where, 
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At equilibrium

ΔG = 0 an dQ = K


ΔGo = -RT ln K

(3)

From (1) into (3) for ΔGo

-zFEo = -RT ln K
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(4)

i.e. when Eo is positive, the cell operates spontaneously with the reaction occurring in the forward direction. 
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at 25oC
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at 25oC this becomes: 
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(4)

These equations provide a very important method for calculating Gibbs energy changes and equilibrium constants.

Example: 

Calculate K at 25oC for the reaction occurring in the Daniel cell, if the standard emf is 1.100v.

Answer: 
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Eo = 1.100v

z = 2
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K = 1.5x1037
Example:

Using the data in table 8.1calculate K for the reaction: 
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Answer:

2H+ + 2e- ( H2



Eo1 = 0

2Fe3+ + 2e- ( 2Fe2+


Eo2 = 0.771v

_____________________________________

H2 ( 2H+ + 2e-
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Eo = 0.771v

z = 2
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K = 1.16 x 1026 mol2dm-6
It should be emphasized that in making this calculation we must not multiply the value of 0.771v by 2, the emf of 0.771v applies equally will to the process: 

2Fe3+ + 2e- ( 2 Fe2+
Example:
Calculate Eo for the process: 

Cu+ + e- ( Cu

Making use of the following Eo values: 

1. (Cu2+ + e- ( Cu+) x (-1)


Eo1 = 0.153v
(1) 

2. Cu2+ + 2e- ( Cu



Eo2 = 0.447v
(2)

Answer: 

The ΔGo values for these two reactions are: 

ΔGo1 = -z1Eo1F = -1 x 0.153 x 96500 Jmol-1
ΔGo2 = -z2Eo2F2 = -2 x 0.337 x 96500 Jmol-1
The subtraction of reaction (1) from reaction (2) gives the reaction:
Cu+ + e- ( Cu 

Therefore 

ΔGo = ΔGo1 = -0.521 x 96500 Jmol-1

Then, 
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(z = 1)

Note: 
That it is incorrect, in working the previous example, simply to compare the Eo values direction. 

1) KCl solution separated by a membrane that is permeable to both ions.

ΔQ = zero

2) KCl solution separated by a membrane that is permeable only to K+.
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Example: 

Mammalian must cells are freely permeable to K+ ions but much less permeable to Na+ and Cl- ions. Typical concentrations of K+ ions are: 

Inside the cell: [K+] = 155 mm

Outside the cell: [K+] = 4 mm

Calculate the nearest potential at 310 K (37oC)

Answer: 
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= -0.0976v

= -97.6 mv

i.e. the potential is negative inside the cell and positive outside. In reality, such potential are more likely –85v, because there is certain amount diffusion of Na+ and Cl- ions.

If the enembrane is positive inside and negative outside.

The situation that we have described relates to a membrane permeable to only one ion. If more than one ion can pass through the membrane, the situation is more complex. 

The distribution of K+, Na+ and Cl- ions across a biological membrane provides an interesting example. For typical concentrations: 

Inside the cell: [Cl-] = 4.3 mM, [Na+] = 12 mM

Outside the cell: [Cl-] = 104 mM, [Na+] = 145 mM

1) If Cl- ions are permeable: 

nerust potential corresponding to the Cl- ions distribution is: 
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= -0.0851v = -85.1mv

2) If Na+ ions are permeable: 

Nerust potential corresponding to the Na+ ions distribution is: 
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= 66.5 mv

Potential differences across membranes are set up when a Donnan equlibrium is established. 

These ionic distributions are of great importance in connection with nerve membranes.

The Nerust Equation: 

Let us now consider cells in which the concentration are other than unity.

In general, we may consider any cell for which the ever all reactions have the general form.

aA + bB + … ( yY + zZ+ ….

ΔG = Vgo + RT ln Q

Or –zFE = -zFEo + RT ln Q

Or 
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Where, 
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At 25oC: 
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Example: 

Calculate the emf of the cell:    Co|Co2+||Ni2+|Ni

1- If the concertations are: 

a) [Ni2+] = 1m

and 

[Co2+] = 0.1m

b) [Ni2+] = 0.01m
and 

[Co2+] = 1.0m

Answer: 

Co + Ni2+ ( Co2+ + Ni

For table 8.1

Ni2+ + 2e- ( Ni

Eo = -0.25v

Co2+ + 2e- ( Co

Eo = -0.28v 

Z=2

Eo = Eoox + Eored
= (-0.25 + 0.28)v = 0.03v

a) 
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b) 
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EMF of cell is concentration dependent.

Nernst Potentials: 

If two electrolyte solutions of different concentrations are separated by a membrane that is permeable only to one type of ions: 
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this potential is generally arised across the membrane. 

Eig: distribution of Na+ and Cl- ions across a biological membrane:

1) If Cl- ions are permeable, ΔQ is –ve

2) If Na+ ions are permeable, ΔQ is +ve

dU = dq + dw
1st law 
(1)

dS = dq / T
2nd law 
(2)

= TdS – Pdv 
 

(3)

dq = TdS

Where dq = heat absorbed

dw = work done on the system

Temperature coefficients of cell emfs:

(Temperature dependence of EMF)

G = H – TS

DG = d(H – TS)




(4)

= TdS + VdP – TdS – SdT

dG = VdP – SdT




(6)

and H = U + PV

dH = d(U + PV)

      = dU + d(PV)

      = TdS – PdV + PdV + VdP

dH = TdS + VdP



(5)
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at constant pressure

or 
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and for an overall reaction: 
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since

ΔG = -zFE



(1)
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(2)

The enthalpy elrange s thus:

ΔH = Δ + TΔS




(3) at constant
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The measurements of emf values at various temperatures provides a very convenient method of obtaining thermodynamic values for chemical.

Example: 

The emf of the cell: 

Pt|H2(1atm)|HCl(0.01 m)|AgCl(s)|Ag

Is 0.2002v at 25oC, and (γE/ γT) is –8.665x10-5 VK

Write the cell reaction and calculate ΔG, Δs, and ΔH at 20oC.

Answer: 

The electrode reactions are: 

1/2H2 ( H+ + e-
AgCl(s) + e- ( Ag(s) + Cl-
1/2H2 + AgCl(s) ( Ag(s) + H+ + Cl-

cell reaction

z = 1

ΔG = -zFE



(1)

= -96500 c/mol x 0.2002v

ΔG = -19320 J mol-1
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(2)

      = 96500 c/mol x (-8.665 x 10-5) vk-1
ΔS = -8.36 Jk-1 mol-1

ΔH = ΔG + TΔS


(3)

      = -10320 + (-268.15 x 8.36) 

ΔH = -21800 J mol-1
ΔH = -zF [E – T (γE/ γT)]

· Electrochemical Cells: 

· Chemical Cells
· Zu|Zu2+ (1m)||Cu2+ (1m)|Cu

(Chemical change)

· Concentration Cells

(electrolyte concentration cells)
Pt, H2|H+ (m1)||H+ (m2)|Pt, H2

· Amalgam Cells
· Na in Hg at C1|Na+|Na in Hg at C2
· Gas electrodes
· Pt, H2(P1)|H+|Pt, H2 (P2)

Concentration cells:

A simple example of a concentration cell is obtained by connecting two hydrogen electrodes by means of a salt bridge:

Pt, H2|HCl(m1)||HCl(m2)|H2, Pt

1/2H2 ( H+(m1) + e-




Eoox
H + (m2) + e- ( 1/2H2 



Eored
H+ (m2) ( H+ (m1) 




Eoox = Eored
ΔG = ΔGo + RT ln (m1/m2)



ΔGo = - zFEo = 0

ΔG = RT ln m1/m2
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and is +ve when m2>m1
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Example:

Calculate the emf at 25oC of a concentration cell of this type in which the molalities are 0.2 m and 3.0m. 

Answer: 

z = 1

E = 0.05916/1 log (3.0/0.2) = 0.0696 v

8.4 Types of Electrochemical Cells: 

In the cells we have considered so far, there is a net chemical change. Such electrochemical cells are classified as chemical cells. There are also cells in which the driving force, in a chemical reaction, is a dilution process. Such cells are known as concentration cells. The changes in concentration can occur either in the electrolyte or to the electrodes. Examples of concentration changes at electrodes are found with electrodes made of amalgam or consisting of alleys and with gas electrodes. 

1) electrolyte concentration cell

2)  a. amalgam or alloy electrodes

 b. Gas detrude. 

A sub classification of chemical and concentration cells relates to whether or not there is a boundary between two solutions: 

1) If there is not, we have a cell without transference

e.g: Pt, H2|HCl|AgCl|Ag

2) If there is, the cell is known as a cell with transference as in Daniel Cell, in which there is a potential difference between the solutions. This potential difference can be minimized by the use of a salt bridge. 

Redox Cells: 

In which both the oxidized and reduced species are in solution, and their interconversion is affects by inert electrodes (with no participation of H+ ions)

e.g: consider the cell: 

Pt, H2|H+(1m)|Fe2+, Fe3+|Pt

At hydrogen electrode (left):

1/2H2 ( H+ + e-





Eoox = 0.00v

At right hand electrode:

Fe3+ + e- ( Fe2+ 




Eored = 0.771v

Fe3+ + H2 ( Fe2+ + H+



Eo = 0.771v

For PH2 = 1atm and [H+] = 1m (SHE)
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the inter-conversion of oxidized and reduced from frequently involves also the participation of H+ ion. 

e.g: 

Pt, H2|H+(1m)||F2-, S2-, H+(mH+)|Pt

The two half – reactions are: 

H2 ( 2H+ (1m) + 2e-
2e- + F2- + 2H+ )mH+) ( S2-
F2- + 2H+ (mH+) + H2 ( S2- + 2H+ (1m)
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z = 2
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at 25oC

Eo’ = Eo – 0.5916 pH

Where 
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And the pH is the pH of the solution in which the S2-:F2- system is maintained.

8.5 Application of emf Measurements: 

1) pH Determinations:

1- Cell without interference: pH values can be determined by dipping hydrogen electrodes into solutions and measuring the emf with reference to anthers electrode (see figure 8.4 at page 312). In commercial pH meters the electrode immersed in the unknown solutions is offer a glass electrode, and the other electrode may be the silver-silver chloride or the calomel electrode. 

pH Determination:

Consider the cell:

Pt, H2 (1 atm)|HCl|AgCl, Ag

1/2H2 ( H+ + e-





Eoox = 0.00v

AgCl(s) + e- ( Ag(s) + Cl-



Eored = 0.2224v

AgCl(s) + 1/2H2 ( H+ + Cl- + Ag

Eo = 0.2224v

Z = 1

Using neurst eq~:
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E = Eo – 2x0.5916 log aH+
E = Eo – 2x0.5916 PH

By measuring E ln aH+ and hence PH can be determined. 
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a – log aH+ = 2.49 = PH

2) Activity Coefficients:

Up to now we have expressed the Gibbs energy changes and emf values of cells in terms of molalities. This is an approximation and the cures become more serions as concentrations are increased. For a correct formulation, activities must be emplayed, and the emf measurement over a range of concentration lead to values for the activity coefficients. 

Consider the cell: 

Pt, H2|HCl|AgCl|Ag

The overall process is 

1/2H2 + AgCl ( Ag + H+ + Cl-



z = 1

and the Gibbs energy change is: 

ΔG = ΔGo + RT ln [a+ a-]

ΔGo are standard Gibbs energy change when activities are unity.
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z = 1
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m+ = m-
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where 
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is the mean activity cofficient
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If E is measured over a range of molalities of HCl, the quantity 
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can be calculated at various molalities.

If this quantity is plotted against m, as shown in the figure, the value extrapolated to zero m gives E, since at zero m the activity coefficient γ± is unity. 
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from which γ± can be calculated.

At zero m, γ± is unity (i.e. ideal solution)

3) equilibrium Constants: 

the emf determination of equilibrium constant of the electrolyte HA such as acetic acid.

Consider the following cell: 

Pt, H2|HA (m1), NaA (m2), NaCl (m3)|AgCl|Ag

1/2H2 ( H+ + e-
AgCl(s) + e- ( Ag(s) + Cl-
1/2H2 + AgCl ( H+ + Cl- + Ag


Eo = 0.2224v
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But for the dissociation of the acid HA

HA ( H+ + A-
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Multiplying logarithmic term in eq~ (1) by the term (Ka/Ka) we get:
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multiplying by (F/RT):
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where, 
mCl- = m3


mHA = m1 – mH+


mA- = m2 + mH+
Also: 

The quantities on the left-hand side can be measured for various values of m1, m2 and m3, and then can be plotted against the ionic strength I, as shown in the frgme. At zero ionic strength the activity coefficients become unity and thus, extrapolation to zero I gives-luka. 

Similar methods can be exaployed for the determination of the dissociation constants of bases.

At zero ionic strength (i.e. zero conc~), the activity coefficients become unity. 

4) Solubility Products: 

eig: the determination of the solubility product of silven chloride consider the cell:

Pt, Cl2 (1 atm)|HCl|AgCl|Ag

The electrode processes are: 

Cl- ( 1/2Cl2 + e-
AgCl(s) + e- ( Ag + Cl-
AgCl(s) ( Ag + 1/2Cl2
But AgCl present in equal with Ag+ and Cl- for the dissociation of AgCl: 

i.e. 
AgCl(s) ( Ag+ Cl-
and 
Ksp = [Ag+] [Cl-]

however, the AgCl(s) is in equilibrium with Ag+ and Cl- ions present in solution, and we can write the everall process as: 

Ag+ + Cl- ( Ag + 1/2Cl2

overall reaction

Ag+ + e- ( Ag 


Eo = 0.771v 

and

Cl- ( ½ Cl2 + e- 

Eo = 1.3595v

Eo = Eoox + Eored = 0.771 + (-1.4595) = -0.589v

E = Eo – RT/F ln [1/(aAg+.aCl-)]

= Eo + RT/F ln (aAg+.aCl-)
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When:

The measured E of the cell is –1.140v

-1.14 = 0.589 + RT/F ln Ksp

Ksp = 4.85x10-10 mol2dm-6
In general for a salt AB, the used cell is: 

B|soluble salt of B- ions|AB(s)|A

The emf method is available are for measuring solubility products for measuring solubility products for salts of very low solubility, for which direct solubility measurements amnot be made with high accuracy. 

Potentiometric titration:

One of the most important practical applications of electrode poteantials is to acid-base and oxidation reduction titration. 

8.6 Fuel Cells:

Fuel cells empley the same electrochemical principles as conventional cells. Their distingnishing feature is that the reacting substances are continuously fed into the system. The simplest type of fuel cell uses hydrogen and oxygen as fuel.

1) Hydrogen-Oxygen fuel cell:

at mode: 

H2 ( 2H+ + 2e

At cathode:

1/2O2 + H2) + 2e- ( 2OH-
overall: 

H2 + 1/2O2 ( H2O



ΔGo = -237.18 Kjmol-1
ΔGo = -zFEo
Eo = 237180 Jmol-1/2x96500Cmol-1 = 1.23 v

8.7 Photo Galvanic Cells:

In photo galvanic cells an irradiation of light induces a chemical process that in turn gives rise to an electric field (i.e. the chemical reaction is brought about photo chemically). 

A number of devices of this king have been setup on the laboratory scale, but little has as yet been achieved in the direction of producing photo galvanic cells that will be of practical use in the utilization of solar energy. 

e.g.

One reaction that has been studied in the laboratory is the light-induced reaction between the purple dye thiamine and Fe2+ ions in aqueous solution. If we represent the theorize ions as T+ and its reduced colorless form as TH+, 

at amode: 

TH+ ( T+ + H+ + e-
At cathode:

Fe3+ + e- ( Fe2+
Overall: 

TH+ + Fe3+ ( T+ + Fe2+ + H+
The most effective wavelength is 478 um (to bring the equilibrium to the right).

As long as the light shines on theories solutions the current flows, but when it is toured off, the reaction rapidly reverts to equilibrium and the current cases. The theoretical standard emf for the system is 0.47v. The reversible potential obtain depends on the concentrations and on the intensity of the radiation. In practice the voltages obtained are only 2 to 3% of the theoretical values becomes of deviations from reversibility.

In typical experiment only about 0.1% of the light is absorbed (or may be less).

Photo galvanic cells thus represent an interesting laboratory device, but only if completely new systems are used will they become of practical importance. 

1
PAGE  
19

_1246603617.unknown

_1247287601.unknown

_1247468314.unknown

_1247469564.unknown

_1247472447.unknown

_1247473061.unknown

_1247729590.unknown

_1247724567.unknown

_1247472769.unknown

_1247469566.unknown

_1247469567.unknown

_1247469565.unknown

_1247468766.unknown

_1247469223.unknown

_1247469234.unknown

_1247469041.unknown

_1247468391.unknown

_1247291170.unknown

_1247468182.unknown

_1247468278.unknown

_1247468126.unknown

_1247289416.unknown

_1247289417.unknown

_1247289222.unknown

_1247289415.unknown

_1247288707.unknown

_1246771305.unknown

_1246780342.unknown

_1247119332.unknown

_1247201269.unknown

_1247116482.unknown

_1246772663.unknown

_1246772664.unknown

_1246771357.unknown

_1246771830.unknown

_1246770429.unknown

_1246770624.unknown

_1246771293.unknown

_1246770569.unknown

_1246604359.unknown

_1246770295.unknown

_1246604312.unknown

_1246596495.unknown

_1246602067.unknown

_1246602856.unknown

_1246603310.unknown

_1246602739.unknown

_1246598601.unknown

_1246598828.unknown

_1246596562.unknown

_1246518490.unknown

_1246519121.unknown

_1246529425.unknown

_1246518736.unknown

_1246518031.unknown

_1246518291.unknown

_1246517821.unknown

