Electrochem Equilibrium
_Equilibrium: Recall that many chemical reactions are reversible. We show this with a double-ended arrow: =

= Surprise! The exchange of € in a redox reaction is reversible, and therefore relevant to
equilibrium.

}

At Equilibrium:

» Forward and backward reactions continue at the S‘?M €  rate.

s Thereis NO NET movement hetween reactants and products, which means there is N O W
voltage in an electrochemical cell at equilibrium!

e Voltaic/Galvanic cell at equilibrium = de QGL battery!

\:
The Equilibrium Constant, K: ratic of products to reactants at equilibrium (at given temperature).

—

If you have the following equilibrium reaction, aA+bB = ¢C+dD

_ [C]C[D]d [Products] coef ficient

- [A]2[B]? [Reactants]coefficient

Since pure solids and liquids are not included in the K expression, only 4 %"9—0““9 {or rarely, gaseous)
reactants and products are included in the equilibrium constant expression, K, for electrochemical cells.

The Reaction Quotient, Q

“ In a standard galvanic/voitaic cell:
e K>>1and Q=1 {since [reactants] = [products] = oM )
e Thus, K> Q and the reaction spontaneously makes products
o Since this is a redox reactidn, as products are made, electrons are transferred = QM”‘eht flows|

e Once the reaction has run long enough that K = Q, equilibrium is reached and no current flows (i.e. dead battery)

Voltaic Cell, Standard Conditions (1.0 M} ‘ Cell at Equilibrium

voltage decreases as system
approaches equilibrium

| K>>Q K=Q
L Products Form/Current Flows No Products Form = No Current
#V= Eocel[ Dead Battery (O V)




Gibb’s Free Energy {AG)
AG = change in free energy = ability to do W er K

—~ Next unit, we will talk more about the meaning of “free energy”, but for this unit you need to be able to use the
numerical value of AG to predict the spontaneity of a reaction.

Exergonic Reaction (-AG) Endergonic Reaction (+AG)
Spontaneous {Thermodynamically Favorable) Not Spontaneous {Thermodynamically Unfavorable)
+E° .1 = voltage created (battery) —E°enl = external power source needed

Free energy
Free energy

The relationship between Gibb’s free energy and cell potential can be quantified through the following equation:

Y
"l AG® = —nFES, } on omunla chark!

The variables are: n = number of moles of electrons transferred in a BALANCED redox reaction
F = faraday’s constant = 96,485 C/ mol ™ (charge on one mole of electrons)

Remember: E° is measured in volts, and 1V = 1J/C 1 \/ = 1. 3
— C

Note about Units:

AG is usually measured irlkJ/mol or J/molt Mastering Chem only uses units o '

A? uairtp M%‘?‘Iﬂ’f\ip\g CLU”\.,

Let’s Practice!

1. ldentify n {the humber of moles of electrons transferred} in each of the following reactions {hint: think about the
half-reactions).

a. 2 Ce(s)+3Ni*"(ag) = 2 Ce*{aq) + 3 Ni(s) n= (o Mo g~ /ﬁwlrxh
b. Sn(s)+2 Ag*(aq) = Sn**(aq) + 2 Ag(s) n=d Mol e”/mol n,

2. Calculate AG® {in ki/mol) for this reaction: Fe(s) + Cu®*{aq) = Fe?*{aq) + Culs}, where E%q; = 0.79 V. Is this
reaction thermodynamically favorable? Explain 3 5‘.‘?.

Al =-nF By = (% 185, = }(om%}z-—ts%%(g

-
——150 o0 N % ..L_L = ﬂA(jl = Yes,
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AG and K are related by the following equation at standard conditions (1 M, 1 atm, 298 K) ‘
i . A\
“‘RQ’HM\( AG° = —RTInK g%%fﬁ,ula charl .

The variables are: R = universal gas constant = 8.314 ] mol 1 K1
T = temperature (in Kelvin) l
K = equilibrium constant Nt on vC..

—a6o/RT | IR you Cant derive,
Mém onZe l.

B

e This equation can be rewritten to give: ii= e

joules ]

e Theunits for AG® = **put Mastering Chem uses J**

molesreaction molyyn

Summary
x| eyl
g - K>1 Favorable
- + K<1 Not favorable
=0 = A K N n/a
K=’

Let’s Practice!

1. The standard cell potential, E%, is +0.67 V for the balanced oxidation-reduction reaction shown below:
S406°"(aq) + 2 Cr¥*(aq) = 2 Cri¥*(aq) + 2 $,03%" (aq)

a. Calculate the free energy change for the cell (in kJ/mol..).

AG = -nFE, =~ (21"}1){%%5 fﬁ)(o.w Z) =-136, 000 Yy,
L kJ
" oo T

R

b. Calculate the equilibrium constant for this reaction (at 25°C).

-AG £130,000 T holge, 5717
RT (eam 2 208 K)

AR =-RTLK 9 &K=

52.4% R
K=e =G| xlo

(| VERY Savorebe! "0
J



