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	Redox volumetric analysis
	



Questions
1
a
Oxidation: Loss of electrons.
Reduction: Gain of electrons.
b
Oxidant: Electron acceptor.
Reductant: Electron donor.
2
a
R

b
O

c
B

d
N

3
a
Oxidation: Zn(s) ( Zn2+(aq) + 2e–
Reduction: 2H+(aq) + 2e– ( H2(g)

b
Oxidation: Ca(s) ( Ca2+(s) + 2e–
Reduction: O2(g) + 4e– ( 2O2–(s)

c
Oxidation: Sn2+(aq) ( Sn4+(aq) + 2e–
Reduction: Ag+(aq) + e– ( Ag(s)

d
Oxidation: Na(s) ( Na+(aq) + e–
Reduction: H2O(l) + 2e– ( H2(g) + 2OH–(aq)

4
a
Oxidant O2, reductant Mg

b
Oxidant Cu2+, reductant Fe

c
Oxidant F2, reductant Ni

d
Oxidant Fe3+, reductant I–
5
a
Mg +2, O –2

b
H +1, O –2

c
H +1, P +5, O –2

d
C –2, H +1

e
N +4, O –2

f
K +1, Mn +7, O –2

6
For example: CH4 –4, C6H12O6 0, CO2 +4

7
ON of C in C6H12O6 is 0, ON of C in CO2 is +4

ON of O in O2 is 0, ON of O in H2O is –2


Change in oxidation number (ON) indicates redox.

8
a
ON of Cu in CuO = +2, ON of Cu in Cu = 0, ( CuO is the oxidant.
ON of H in H2 = 0, ON of H in H2O = +1, ( H2 is the reductant.
b
ON of Cr changes from +6 to +3, ( Cr2O72– is the oxidant.
ON of I changes from –1 to 0, ( I– is the reductant.

c
ON of Mn changes from +4 to +2, ( MnO2 is the oxidant.
ON of S changes from +4 to +6, ( SO2 is the reductant.

9
a
H2 is the reductant (change in ON from 0 to +1).
O2 is the oxidant (change in ON from 0 to –2).
b
Not redox
c
Not redox
d
KMnO4 is the oxidant (ON changes from +7 to +2).

H2S is the reductant (–2 to 0).

10
a
O2(g) + 4H+(aq) + 4e– ( 2H2O(l)
b
NO2(g) + H2O(l) ( NO3–(aq) + 2H+(aq) + e–
c
2HOCl(aq) + 2H+(aq) + 2e– ( Cl2(g) + 2H2O(l)

d
MnO4–(aq) + 8H+(aq) + 5e– ( Mn2+(aq) + 4H2O(l)

e
H2S(g) + 2H2O(l) ( SO2(g) + 6H+(aq) + 6e–
f
H2O2(l) ( O2(g) + 2H+(aq) + 2e–
g
H2O2(l) + 2H+(aq) + 2e– ( 2H2O(l)

h
C2O42–(aq) ( 2CO2(g) + 2e–
11
a
Cr2O72–(aq) + 14H+(aq) + 6e– ( 2Cr3+(aq) + 7H2O(l)

CH3CH2OH(aq) + H2O(l) ( CH3COOH(aq) + 4H+(aq) + 4e–
2Cr2O72–(aq) + 3CH3CH2OH(aq) +16H+(aq) 
( 4Cr3+(aq) + 3CH3COOH(aq) + 11H2O(l) 
b
2S2O32–(aq) ( S4O62–(aq) + 2e–
I2(aq) + 2e– ( 2I–(aq)

2S2O32–(aq) + I2(aq) ( S4O62–(aq) + 2I–(aq)

c
ClO–(aq) + 2H+(aq) + 2e– ( Cl–(aq) + H2O(l)

ClO–(aq) + 2H2O(l) ( ClO3–(aq) + 4H+(aq) + 4e–
3ClO–(aq) ( 2Cl–(aq) + ClO3–(aq) 

d
NO3–(aq) + 2H+(aq) + e– ( NO2(g) + H2O(l)

Zn(s) ( Zn2+(aq) + 2e–
2NO3–(aq) + 4H+(aq) + Zn(s) ( 2NO2(g) + 2H2O(l) + Zn2+(aq)

12
a
C2O42– ( 2CO2 + 2e–
MnO4– + 8H+ + 5e– (Mn2+ + 4H2O

b
5C2O42–(aq) + 2MnO4–(aq) + 16H+(aq) ( 10CO2(g) + 2Mn2+(aq) + 8H2O

c
n(Na2C2O4) = c × V = 0.01000 × 25.01 × 10–3 mol

n(MnO4–) = 
[image: image1.wmf]5

2

 × n(Na2C2O4)

c(MnO4–) = 
[image: image2.wmf]V
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 = 5.002 × 10–3 M

13
MnO4–(aq) + 8H+(aq) + 5Fe2+(aq) ( Mn2+(aq) + 4H2O(l) + 5Fe3+(aq)

n(MnO4–) = c × V = 0.00279 × 21.25 × 10–3 mol

n(Fe2+) = 5 × n(MnO4–)

m(Fe2+) = n × M = 5 × 0.00279 × 21.25 × 10–3 × 55.8 = 0.0165 g

% Fe = 
[image: image4.wmf]311
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 = 
[image: image5.wmf]1

100

 = 5.31%

14
a
C2H6O + H2O ( C2H4O2 + 4H+ + 4e–
MnO4– + 8H+ + 5e– ( Mn2+ + 4H2O

b
5C2H6O(aq) + 4MnO4–(aq) + 12H+(aq) ( 5C2H4O2(aq) + 4Mn2+(aq) + 11H2O(l)

c
n(MnO4–) = c × V = 0.450 × 23.01 × 10–3 mol

n(C2H6O) = 
[image: image6.wmf]4

5

 × n(MnO4–) = 1.294 × 10–2 mol

d
m(C2H6O) = n × M = 1.294 × 10–2 × 46.0 = 0.595 g

V(C2H6O) = 
[image: image7.wmf]r

m

 = 
[image: image8.wmf]785
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 = 0.758 mL

( % C2H6O v/v = 
[image: image9.wmf]00
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 × 
[image: image10.wmf]1

100

 = 7.58%

15
2H2O2(l) ( 2H2O(l) + O2(g)

6% m/v means 60 g of H2O2 in 1 L of solution

( c = 
[image: image11.wmf]34

60

 mol of H2O2 in 1 L of solution

( 1.76 mol of H2O2 in 1 L of solution

1.76 mol of H2O2 evolves 
[image: image12.wmf]2
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( 19.7 L of O2 = 20 ‘volume’

16
a
n(I2) = c × V = 0.0530 × 25.68 × 10–3 mol
n(C6H8O6) = n(I2)

m(C6H8O6) = n × M = 0.0530 × 25.68 × 10–3 × 176.0 = 0.2395 g

% C6H8O6 = 
[image: image14.wmf]340

.
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2395

.

0

 × 
[image: image15.wmf]1

100

 = 70.5%

b
Binders and sweeteners

17
n(I2) = c × V = 0.00625 × 12.53 × 10–3 mol

n(SO2) = n(I2)

m(SO2) = n × M = 0.00625 × 12.53 × 10–3 × 64.1 = 0.00502 g = 5.02 mg

c(SO2) in mg L–1 = 
[image: image16.wmf]00
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 × 
[image: image17.wmf]1
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 = 251 mg L–1
18
a
i
Wine

ii
Water

iii
Na2S2O3
b
Dark colours obscure the endpoint.
c
i 
CH3CH2OH + H2O ( CH3COOH + 4H+ + 4e–

This would require more dichromate to react than if the product was CH3CHO, hence overestimating the ethanol content.

ii 
This underestimates the remaining dichromate, and so overestimates the reacting dichromate, hence overestimating the ethanol content.

Review Questions

1
Reduction: Gain of electrons, loss of oxygen, gain of hydrogen, decrease in oxidation number.

2
Oxidant: Undergoes reduction during a redox reaction.

Reductant: An electron donor.

Oxidation: Involves an increase in oxidation number.

Reduction: Involves a gain of electrons.
3
a
R

b
N

c
R

d
O

4
a
N +4, O –2

b
K +1, Cr +6, O –2

c
H +1, S +6, O –2

d
H +1, N +3, O –2

e
N +4, O –2

f
S +2, O –2

g
Ga +3, C +4, O –2

h
Zn +2, Br +5, O –2

5
a 
MnO4– +7, MnO2 +4, Mn2+ +2

b 
MnO4– + 4H+ + 3e– ( MnO2 + 2H2O

Mn2+ + 2H2O ( MnO2 + 4H+ + 2e–
6
ClO– + 2H+ + 2e– ( Cl– + H2O

ClO– + 2H2O (ClO3– + 4H+ + 4e–
7
a
C6H12O6(aq) + 2H+(aq) + 2e– ( C6H8(OH)6
b
C6H8(OH)6(aq) ( 6H+(aq) + C6H8O6(aq) + 6e–
c
C2O42–(aq) ( 2CO2(g) + 2e–
d
CH3CH2OH(aq) + H2O(l) ( CH3COOH(aq) + 4H+(aq) + 4e–
e
SO32–(aq) + 8H+(aq) + 6e– ( H2S(g) + 3H2O(l)

f
NO3–(g) + 2H+(aq) + e– ( NO2(g) + H2O(l)

8
a
CH3CH2OH(l) + 3O2(g) ( 2CO2(g) + 3H2O(l)

ON of C –2 ( +4 ( oxidation

ON of O 0 ( –2 ( reduction

b
2H2O2(l) ( O2(g) + 2H2O(l)

ON of O –1 to 0 and –2

( H2O2 is both oxidised and reduced.

9
a
Al ( Al3+ + 3e–
2H+ + 2e– ( H2
2Al(s) + 6H+(aq) ( 2Al3+(aq) + 3H2(g)

b
Cu ( Cu2+ + 2e–
3e– + NO3– + 4H+ ( NO + 2H2O

3Cu(s) + 2NO3–(aq) + 8H+(aq) ( 3Cu2+(aq) + 2NO(g) + 4H2O(l)

c
SO2 + 2H2O ( SO42–+ 4H+ + 2e–
MnO4– + 8H+ +5e– ( Mn2+ + 4H2O
5SO2(g) + 2H2O(l) + 2MnO4–(aq) ( 5SO42–(aq) + 4H+(aq) + 2Mn2+(aq)
d
2I– ( I2 + 2e–
ClO– + 2H+ + 2e– ( Cl– +H2O
2H+(aq) + 2I–(aq) + ClO–(aq) ( I2(aq) + H2O(l) + Cl–(aq)
10
a
2MnO2 + 2H+ + 2e– ( Mn2O3 + H2O

Zn ( Zn2+ + 2e–
2MnO2(s) + 2NH4+(aq) + Zn(s) ( Mn2O3(s) + Zn2(aq)+ + H2O(l) + 2NH3(aq)
Oxidant is MnO2, reductant is Zn

b
n(Zn) = 
[image: image18.wmf]M

m

 = 
[image: image19.wmf]65.4

20.0

mol
n(MnO2) = 2 × n(Zn)

m(MnO2) = n × M = 
[image: image20.wmf]65.4
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11
C6H12O6(aq) + 6O2(g) ( 6CO2(g) + 6H2O(l)

ON of C changes from 0 to +4 ( oxidation

ON of O changes from 0 to –2 ( reduction

12
a
H2O2 ( O2 + 2H+ + 2e–
MnO4– + 8H+ + 5e– ( Mn2+ + 4H2O

5H2O2(l) + 2MnO4–(aq) + 6H+(aq) (5O2(g) + 2Mn2+(aq) + 8H2O(l)

b
n(KMnO4) = c × V = 0.0472 × 21.61 × 10–3 mol
n(H2O2) = 
[image: image21.wmf]2

5

 × n(KMnO4)

c(H2O2) = 
[image: image22.wmf]V

n

 = 
[image: image23.wmf]3
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c
n(O2) = n(H2O2)

V(O2) = 
[image: image24.wmf]P
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 = 0.0614 L = 61.4 mL

13
a
SO42– + 4H+ + 2e– ( SO2 + 2H2O

Fe ( Fe2+ + 2e–
SO42–(aq) + 4H+(aq) + Fe(s) ( SO2(g) + 2H2O(l) + Fe2+(aq)


b
n(H2SO4) = c × V = 1.56 × 9.53 × 10–3 mol

n(Fe) = n(H2SO4)

m(Fe) = n × M = 1.56 × 9.53 × 10–3 × 55.8 = 0.8296 g

% Fe = 
[image: image26.wmf]50
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 × 
[image: image27.wmf]1

100

 = 55.3%

14
a 
MnO4– + 8H+ + 5e– ( Mn2+ + 4H2O

Fe2+ ( Fe3+ + e–
MnO4–(aq) + 8H+(aq) + 5Fe2+(aq) ( Mn2+(aq) + 4H2O(l) + 5Fe3+(aq)

b 
n(Fe2+) = c × V = 0.500 × 22.41 × 10–3 mol

n(Mn) = n(MnO4– ) = 
[image: image28.wmf]5

1

 × n(Fe2+)

m(Mn) = n × M = 0.2 × 0.500 × 22.41 × 10–3 × 54.9 = 0.1230 g

% Mn = 
[image: image29.wmf]269
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 × 
[image: image30.wmf]1

100

 = 45.7%

15
Sn2+(aq) + 2Ce4+(aq) ( Sn4+(aq) + 2Ce3+(aq)

n(Ce4+) = c × V = 0.1010 × 23.15 × 10–3 mol

n(Sn2+) = 
[image: image31.wmf]2

1

 × n(Ce4+)

c(Sn2+) = 
[image: image32.wmf]V
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 = 2.34 × 10–3 M

16
n(Na2S2O3) = c × V = 0.105 × 17.82 × 10–3 mol

n(I2) = 
[image: image34.wmf]2

1

 × n(Na2S2O3)

n(Cu) = n(Cu2+) = 2 × n(I2)

m(Cu) = n × M = 2 × 
[image: image35.wmf]2

1

 × 0.105 × 17.82 × 10–3 × 63.5 = 0.1188 g

% Cu = 
[image: image36.wmf]350
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[image: image37.wmf]1

100

 = 33.9%

17
MnO4–:Fe2+ = 1:5 (see Q14)

n(MnO4–) = c × V = 0.1022 × 22.74 × 10–3 mol

n(Fe2+) = 5 × n(MnO4–)

n(FeSO4.7H2O) = n(Fe2+)

m(FeSO4.7H2O) = n × M = 5 × 0.1022 × 22.74 × 10–3 × 277.9 = 3.229 g

18
n(I2) = c × V = 0.0105 × 11.79 × 10–3 mol

n(SO2) = n(I2)

m(SO2) = n × M = 0.0105 × 11.79 × 10–3 × 64.1 = 0.007935 g = 7.935 mg

c(SO2) in ppm (mg L–1) = 
[image: image38.wmf]00
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19
a
MnO4– + 8H+ + 5e– ( Mn2+ + 4H2O

Fe2+ ( Fe3+ + e–
MnO4–(aq) + 8H+(aq) + 5Fe2+(aq) ( Mn2+(aq) + 4H2O(l) + 5Fe3+(aq)

b
MnO4–:Fe2+ = 1:5 (see part a)

n(MnO4–) = c × V = 0.0335 × 19.65 × 10–3 mol

n(Fe) = n(Fe2+) = 5 × n(MnO4–)

m(Fe) = n × M = 5 × 0.0335 × 19.65 × 10–3 × 55.8 = 0.1837 g

% Fe = 
[image: image39.wmf]185
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[image: image40.wmf]1
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20
a
n(S2O32–) = c × V = 0.510 × 9.60 × 10–3 = 0.00490 mol

b
n(I2) = 
[image: image41.wmf]2

1

 × n(S2O32–) = 0.5 × 0.510 × 9.60 × 10–3 = 0.00245 mol

c
n(OCl–) = n(I2) = 0.00245 mol
d
n(OCl–) initial = n(OCl–) × 
[image: image42.wmf]00
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 = 0.0306 mol

e
n(Cl–) = n(OCl–)

f
m(Cl–) = n × M = 0.0306 × 35.5 = 1.09 g

c(Cl–) = 
[image: image43.wmf]00
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 × 
[image: image44.wmf]1

1000

 = 43.6 g L–1
Examination questions

Multiple choice

1
B

2
B

Extended response

1
a
i
Fe2+ ( Fe3+ + e–
ii
MnO4– + 8H+ + 5e– ( Mn2+ + 4H2O

b
Self-indicating. There is a faint pink tinge due to the MnO4– ion.

c
i
n(MnO4–) = c × V = 0.1519 × 17.58 × 10–3 = 2.670 × 10–3 mol

ii
n(Fe2+) = 5 × n(MnO4–) = 1.335 × 10–2 mol

d
n(FeSO4.7H2O) = n(Fe2+)

m(FeSO4.7H2O) = n × M = 1.335 × 10–2 × 277.9 = 3.710 g

% FeSO4.7H2O = 
[image: image45.wmf]4.97

3.710

 × 
[image: image46.wmf]1

100

 = 74.6%

2
a
i
+1

ii
+2

b
i
n(S2O32–) = c × V = 0.112 × 17.59 × 10–3 = 1.970 × 10–3 mol

ii
n(I2) = 
[image: image47.wmf]2

1

 × n(S2O32–) = 9.850 × 10–4 mol

iii
n(OCl–) = n(I2) = 9.850 × 10–4 mol

iv
m(NaOCl) = n × M = 9.850 × 10–4 × 74.5 = 0.07339 g

v
% NaOCl m/v = 
[image: image48.wmf]00
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[image: image49.wmf]00
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c
i
Yes

ii
Yes

iii
No. This would lead to a larger titre and so a larger calculated concentration.

iv
No. This would lead to a larger value as more NaOCl is present.
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