Totally Epic AP Chem Review: Electrochem Equilibrium!

Gibb’s Free Energy (AG): the energy associated with a chemical reaction that can be usedtodo \w/ 0¥ K ;

. Because of the following equation, the sign of AG will always be the o PP oSite of cell potential, E°
(this does NOT mean they are inversely proportional!!)
AG — _nF Ceu

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 V = J/C

AG and K are related by the following equation at standard conditions (1 M, 1atm, 298 K)

= —-RTInK — _
AG® = —RT Y ALE
\ }
The variables are: R = universal gas constant = 8.314 J mol™' K™ \ K -
T = temperature (in Kelvin) RT
K = equilibrium constant
_ARO
* This equation can be rewritten to give: K = e™4G"/RT
joules . i

e The units for AG? =
moleSreaction molyy

. Summary

5 Spontaneity in
K& React

Elen AG° K i . . Ee ) the Forward

Relationship Direction ——
Direction
+ - K>1 K>Q Forward Spontaneous
= + K<1 K<Q Reverse Non-spontaneous
=0 =0 K=1 K=Q No reaction n/a
=

Ho,>2H 0
Example: At 25°C, H,0, decomposes according to the followmg equation.
P N2 B H,0,0,+2
2 H 0x(ag) — 2 H 0(:) +0,(g) E°=0.55V

a. Determine the value of the sta

ard free energy change, AG®, for the reaction at 25°C.

AG'=-nTE = *[2"1013\(‘3(&'4‘3‘: = Yo.55 )

: ,\/1\! Ve
b. Determine the value of the equilibrium constant, Keg, for the reaction at 25°C.
® D K= RGeS Thl gy g
RT (8215 yzaK) -
ma K 33 | 1




How to Determine Cell Potentia:‘f5 under Non-standard Conditions

1
> F\ [reactants] OR V [products]:
s Make the reaction Mlo{ ¢  thermodynamically favorable (more spontaneous)

. ‘1\ reaction driving force, thus:

lo} i\ Eceny 1]\ VOlthE

A
3

e |, [reactants] OR | [products]:

e Make thereaction eSS thermodynamically favorable (less spontaneous)

. ‘1/ reaction driving force, thus:

|
o) \E: Ecen, ¥/ voltage

As a voltaic cell discharges, reactants are consumed and products are generated.

Therefore, as the cell operates, the conditions become non-standard and the voltage d ( DQS -

‘.
- But if you decrease D D'\‘:\"-» reactant AND product concentration by the same factor:

e Spontaneity is unaffected!

®  Ecan=E%en .

s However, fewer reactants means that the electrochemical cell will operate for a shorter *’We
before running out of reactants! The reverse is true if you increase both by the same factor.

Practice:
1. Inthe reaction below, a piece of solid nickel is added to a solution of potassium dichromate.
14 H*(aq) + Cr;0% (aq) + 3 Ni(s) - 2 Cr3*(aq) + 3 Ni**(aq) + 7 H0()
i .2+ -
3Ni¢sy 7 3Ni%,, + Ge
How many moles of electrons are transferred when 1 mole of potassium dichromate is mixed with 3 mol of nickel?

a. 2 moles of electrons ¢. 5moles of electrons
b. 3 moles of electrons @ 6 moles of electrons

2. Calculate the standard free energy of the following reaction at 25°C.

Fe¥*(aq) + Mg(s) 2> Fe(s)+ Mg’ *(aq) Een=1.92V
a. -1.6 x10°kJ/molxn ¢. -3.7x10%KkJ/mOlrxn
b. -160kJ/molxn (&) -370 J/molxn

AR =T Ee
~ ’ " -3—‘\
= (2 ol Y 3, 485 = )(192 )
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3. Avoltaic cell is constructed based on the following reattion:

voitmeter

Znis) - Zn**(aq) + 26"

a. Complete the chart below.

Cu**(aq) + 2e” - Culs)

Zn(s) + Cu**(aq) — Zn**(aq) + Cu(s)

Effect on Rxn Effect on _ Effect on
Conditions Driving Force | Ecenvs. E%an voltage time cell can
run

Addition of Cu(s) Nohne Same. none none
[ZnSO,4] = 1.0 M, [CuSO,] = 0.3 M s Eioy < ED@H J L2
Removal of salt bridge Vb & n/a AR V) Vely J
[ZnS0O,] = 0.5 M, [CuSO,] = 1.0 M 1 Ecen? € wtt N n Oq.., e
Removal of all Zn(s) @ n/a v o @ Very A
[ZnSO,] = 2.0 M, [CuSO,] =2.0 M None Same N ohe A
The cell has been running for 2 hours. NP Ecd £ Bl ¥ "
[ZnSO,] = 1.0 M, [CuSO,] =1.7 M 0 Ecdl 5 F(e I ,E\ 2

b. A student accidentally adds additional ZnSO, to the Zn(s)/Zn**(aq) half-cell. What happens to the

magnitude of the cell voltage (relative to the standard cell)? Justify your answer.
Addina ex¥a 7. O, will AL2zn?t], 4 produch , decfesSing
L}‘“fu ok the rnan + hus A”"f‘m”‘j the cell \foH-aﬁe.

driving

be

¢. Isthe value of the equilibrium constant for the cell reaction greater than 1, less than 1, or equal to 12

Explain,

K>| ble His 1S g volHaic cfll whith Mmeaas (415 “-{’ffhscljnark;c (ij

?avom!e ¢ thecebore PwAuct Qaum

(or ble -4G 2 K>l be

_-mhk)

d. What must be true about the standard free energy change of this reaction, A G"" Justify.

ind AG = -RT I IC

~AG bl K>l



