Conference Problems: Week of April 14"

%®. Identify the oxidation number for the underlined element in each of the following
species:

a. EQO:,\ b. &Fs\ C. NH4+ d. g2072_ e. Q2H20|4 f. H3EO4

*. Identify which of the following are redox reactions by determining oxidation states of all
non-H/non-O atoms and identifying oxidants and reductants, where relevant.

a. 2 Fe(s) + 2 HNO3(aq) — F6203(3) + 2 NO(g) + H20(|)

b. CHQO(aq) +2 HF(aq) — CHze(g) + H20(|)

C. CHQO(g) + 2 C|2(g) — COC|2(g) + 2 HC|(g)

©. Balance ‘em if you got ‘em.
a. Ce* (aq + NO2 (aq) = Ce¥ (aq + NO3 (s in acidic solution

b. C|O4_(aq) + CH40(aq) — C|_(g) + HQCO(g) in basic solution

C. MnO4'(aq) + 02042_(aq) — Mn2+(aq) + COz(g) in acidic solution



8. Consider the following reduction potentials
NO, + 2 H" + e — NO + H,0 Ered” =119V
O, +4H +4e - 2H,0 Ered” =1.23V

Predict whether NO,™ will spontaneously oxidize water at pH 7. Assume all other species are at
1 M or 1 atm and that the temperature is 25°C.

*. Consider an electrochemical cell at the standard state composed of two half-cells with
the following half-reactions:

COZ+(aq) + 2 e_—> Co(s) Eored = '028 V
Fe3*(aq) + 3 e — Fey E'req =-0.04 V
a. Diagram the cell that functions spontaneously, specifically labeling the anode, the

cathode, their contents, and the flow of electrons. What is the cell potential?

b. How long would it take this cell, operating at a current of 1 A, to oxidize 1.00 g of metal?

= Revisiting a problem from last week, lead(ll) carbonate is a weak electrolyte whose
solubility is affect by the pH of solution because CO3* is a basic anion (pKys = 3.7, pKpz = 7.6).
The Ky, of PbCO3 is 1.5 x 103, At pH 5.6, the fraction of carbonate present in solution as
CO5% is 2.5 x 10°. What concentration of lead will you get when the salt goes to equilibrium in

these conditions?



Solutions

. Identify the oxidation number for the underlined element in each of the following
species:

a. EQO:; b. &Fg C. NH4+ d.g2072 e. Q2H20|4 f. H3EO4
+3 +3 -3 +7 +1 +5

*. Identify which of the following are redox reactions by determining oxidation states of all
non-H/non-O atoms and identifying oxidants and reductants, where relevant.

a. 2 Fe(s) + 2 HNOg(aq) — Fezog(s) + 2 NO(g) + H20(|)

Fe (o.s. = 0) is reductant, HNO3 (N o.s. = +5) is oxidant.
In FeoO3, Fe has o.s. = +3, and in NO, N has o.s. = +2.

b. CHZO(aq) +2 HF(aq) — CHze(g) + H20(|)
Not a redox reaction. Carbon has o.s. = 0 in reactants and products.
C. CHZO(g) + 2 C|2(g) — COC|2(g) + 2 HC|(g)

CH0 is the reductant (C has o.s. = 0) and Cl, is oxidant (Cl o.s. = 0)
In COCI, carbon has o.s. = +4 and chlorine has o.s. = -1.

©. Balance ‘em if you got ‘em.
2 Ce* (aq) + NO2'(aq) + H20() = 2 Ce**(aq) + NO3'(aq) + 2 H'(aq)

o

b. C|O4-(aq) +4 CH40(aq) + — CI'(aq) +4 HzCO(aq) +4 H,0 (aq)

C. 5 C20,> + 2 MnO, + 8 H,0 — 10 CO2 + 2 Mn?* + 16 OH"

§. Consider the following reduction potentials
NO, + 2 H" + e — NO + H,0 Ered” =119V
O, +4H +4e - 2H,0 Ered” =1.23V

Predict whether NO,™ will spontaneously oxidize water at pH 7. Assume all other species are at
1 M or 1 atm and that the temperature is 25°C.

4 (NOy + 2 H" + & — NO + H,0) Erea” = 1.19V
2H,0 >0, +4H +4¢ Eox =-1.23V

4NO, + 4 H" — O, + 4NO + 2H,0 Ered” =-0.04 V

E = E’ - (0.0592 V/4)log(1/(107)*) = -0.44 V. Not spontaneous!



*. Consider an electrochemical cell at the standard state composed of two half-cells with
the following half-reactions:

COZ+(aq) + 2 e-% Co(s) Eored = '0.28 V
Fe3*(aq) + 3 e — Fey E'req =-0.04 V
a. Diagram the cell that functions spontaneously, specifically labeling the anode, the

cathode, their contents, and the flow of electrons. What is the cell potential?

a.  (Cow) | Co™ (g |l Fe*aq | Fegs))

This is short hand for saying that the anode (on the left) will contain a solid cobalt
strip immersed in Co?* solution and the cathode (on the right) will contain a solid iron
strip immersed in Fe** solution. The metal strips will be connected by a wire
conducting electrons from the anode to the cathode. The two solutions will be linked
by a salt bridge to conduct ions.

2 Fe3+(aq) +3 CO(S) o 2 Fe(s) +3 C02+(aq)
E°=-0.04V-(-0.28V)=+0.24V

b. How long would it take this cell, operating at a current of 1 A, to oxidize 1.00 g of metal?

1Ais 1Cls. 1.00 g Co/(58.93 g/mol) = 1.70 x 10 mol
[(1.70 x 102 mol Co)(2 mol e/mol Co)(96485 C/mol e)]/ (1 C/s) =3280 s

= Revisiting a problem from last week, lead(ll) carbonate is a weak electrolyte whose
solubility is affect by the pH of solution because CO3* is a basic anion (pKys = 3.7, pKpz = 7.6).
The Ky, of PbCO3 is 1.5 x 103, At pH 5.6, the fraction of carbonate present in solution as
CO5% is 2.5 x 10°. What concentration of lead will you get when the salt goes to equilibrium in
these conditions?

[Pb?*][CO5%] = s(s*2.5x 10°) =1.5x 10

s*=6.0x 10"

[Pb**]=s=2.4x10"



