First-Year Chemistry

2. Stoichiometry and Reactions
Solutionsto further problems:
1. a) CaCO; = solid, HCI = agueous, CaCl, = aqueous, CO, = gas, and H,0 = liquid
b) CaCO; g + 2 HCl(a) ~ H20 (g + COz(g)
1mol CO,

¢) 0.500 mol CaCO3 | ——=—
1mol CaCO,

J = 0.500 mol of CO, [3 sig figs]

d) 0.250 mol CacO, | +MoH=0 |[18029H:0) _, o 0 ¢ 110 (3 sig figy
1mol CaCO, 1molH,0
€) 105 g CaC0y | Mol a0, 1 1moICO, 1144.029C0, | _, o o ¢ 0o, [3 g figy
100.09g CaCO, ) | 1mol CaCO, ){ 1mol CO,
23
f) 20.0 g CaCOs 1mol CaCO, 1molH,0 |(6.02X10™ moleculesH,O | _ 120 X 107
100.09g CaCO, | | 1mol CaCoO, 1mol H,0

molecules of water [3 sig
figs|

g) 14.0 g CO, (

1mol CO, J [2 mol HCl

=0.636 mol HCI [3sig figs]
44.01gCO, )| 1mol CO,

2 (137’ sto4)( 1.20 mol H,SO, J ( 1

d -~ |=0.1644 =0.164 M (3 sig figs)
1000 cm® H,SO, ) { 0.100 dm

3 (a)[NH4+]:(1.20mo| (NH4)ZSO4M 2mol NH,

=240M (3sigfigs
1dm?® 1 mol (NH4)ZSOJ (3sgfigs)

2_
[8042_] _(1.20mol (NI;I4)ZSO4 1mol SO, - 120 M (3sigfigs)
1dm 1mol (NH,),SO,

2+

) [Ca2+] _ ( 0.250 mol 3CaCI2 1mol Ca™ |_ 0.250 M (3 sig figs)
1dm 1 mol CaCl,

[Cl = 0.250 mol 3CaCI2 2mol Cl - 0500 M (3sig figs)

1dm 1mol CaCl,

© [F] = [0.400 mol Fe, (so4)3J [ 2 mol Fe?*

1dm?® 1mol Fe,(SO,),

0.400 mol Fe,(SO,), 3mol SO,*
1dm? 1mol Fe,(SO,),

) =0.800 M (3 sigfigs)

[SO4 ] :[ ) =1.20M (3sgfigy)

4. The equation for the reaction iS2HCIOs3 (5q) + Ba(OH)z (ag) — Ba(ClO3)2 (ag) + 2H20y)
Answer is0.100 (same as the number of moles of HCIO3 sincefirstly it’s the limiting reagent, and
secondly, the ratio of HCIOs3 to H,O are equal).

5. Equationis: AQNOs (ag) + KBrag) — AgBr g + KNO;z ()

(2,00 g AGNO) 1mol AgNO, 1mol AgBr | (187.77gAgBr - 2210 =221 g AgBr
169.88 g AgNO, ) { 1 mol AgNO, 1mol AgBr
(4.00 g KB) 1mol KBr 1mol AgBr | (187.77 g AgBr - 6,311 = 6.31 g AgBr
119.00gKBr )| 1 mol KBr 1 mol AgBr
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AgNO;s isthe limiting reagent. And therefore, 2.21 g of solid AgBr will be produced.
. @) Yes, areaction does take place (iron(l11) hydroxide isinsoluble)
3 -

Fe” () + 30H (@ ~ Fe(OH)s (9

b) Y es, areaction does take place (silver carbonate is insoluble)
+ 2-

2AQ (@) * CO3 () » AQ2COs(y
¢) No, areaction does not take place; all acetates and nitrates are soluble.
d) Yes.

+ 2+

MgC03 © + 2H (aq) — Mg (aq) + CO» ) + H,O 0}
e) Yes.

NaHCOs 9+ 2H (@) ~ Na g + COzg + H:0
f) Yes.

NaOH ot CH3;COOH (eg) — Na+(aq) + CH3COO_ (aq) T H,O 0)
0) Yes.

NHa @y + HBT () — NHq (o) + BI ()
h) Yes.

+ 2+
MgO g +2H (@) - Mg (@ +H20)

. @) Total chargeonion=-1
= chargeon| + 3 (chargeon O) = -1

= chargeon| +3(-2) =-1

= chargeon|l -6=-1

= chargeonl=-1+6

= chargeonl| =5

Oxidation number of | iniodateion = 5+.
b) Total charge on compound =0

= chargeon H + chargeon Cl + chargeon O =0
= 1+chargeonCl +(-2)=0

= 1+chargeonCl -2=0

= chargeonCl =2-1

— chargeonCl =1

Oxidation number of Cl in HCIO = 1+

¢) Oxidation number of N in NO = 2+

d) Oxidation number of N in HNO3; = 5+

e) Oxidation number of Mnin MnO 4= 7+

f) Oxidation number of Sin $,05 ™ = 2+
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g) Oxidation number of Sin SO5 ™ = 6+

h) Oxidation number of Mnin MnO 4 = 6+
8. a
A+ Dﬂﬁduction 0
! !
TiCly + Mg - Ti+MgCly
1 1

. . - 2+
Oxidation

Balancing each half-equation:
Oxidation half-equation: Mg — Mg~ +2e
Reduction half-equation: Ti*" +4e _ Ti
Multiplying the oxidation half equation by 2 and adding the two balanced half-equations:
2Mg . 2Mg +4e
Ti" +4¢ - T

Ti"" +2Mg S~ 2Mg +Ti
Adding and balancing the rest of the elements:
TiC|4(g) +2 Mg(|) 52 MgC'Z(S) + Ti(s)

b)
0 mffeon . g
l l
C, + Br - C" + Brn,
1 1
o D]]]ngeduction =0
Balancing each half-equation:
Oxidation half-equation: 2Br - Br, + 2e
Reduction half-equation: Cl, + 2e - Cl
Multiplying the oxidation half equation by 2 and adding the two balanced half-equations:

4Br - Br, + 2e
Cl,+2e - 2Cl

Cla@g +2Br () ~  2Cl @ * Brag
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s R g,
)
NH3 + 02

!
. NO + H,0
1 1 1
0 MR ucion™ & Z
Balancing each half-equation:
Oxidation half-equation: N~ — N°* +5¢”
Reduction half-equation: O, + 46 - 20°

Multiplying the oxidation half-equation by 4 and the reduction half-equation by 5, and adding
the
two balanced half-equations:

AN - aNT 20

50,+20e -  100°

ANT+50, - AN +100"
Adding and balancing the rest of the elements:

4NH3(g) + 50, (ag) — 4ANO @7t 6H-,0 0)
d)

o mﬁeduction 0

! !

CUO+NH3 - Cu + N2 + Hzo
1 1
> I eetion ©

Balancing each half-equation:
Oxidation half-equation: 2N° - N, + 6e
Reduction half-equation: Cu’* + 2 - Cu

Multiplying the reduction half-equation by 3 and adding the two balanced half-equations.
N~ Np+6e

3cu” +6e —  3Cu

scu”+2N" - Nz2+3Cu
Adding and balancing the rest of the elements

3CuO 9t 2N H3(g) - 3Cu ot Nz(g) + 3H,0 )
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2. mﬁeduction L3
l l
PH, -  PHy+ PH,
1 f
2 M i ction ™ %
Balancing each half-equation:
1
Oxidation half-equation: 2P," - P4_5 +6e

Reduction half-equation: 3P," +6e — 6P
Adding the two balanced half-equations:
1
2P, - P 2466

P, +66 - 6P

1
5P, - 6P +Py 2
Adding and balancing the rest of the elements:
5P2H4(g) - 6PH3 (@ + P4H2 (9

9. Thefirst two solutions are show all the details.
a) Half-equation method: First, the skeletal equation:

7 + O EedLﬁiortlD_» 2 +

! l

- 2
MnO 4 (o) + H2C204 (a) — Mn +(aq) + COz (g
1 1
3+ 0 NEW L o4+
Oxidation number of manganese decreases from 7+ to 2+, hence M noi_ isthe oxidizing

agent.
Oxidation number of carbon increases from 3+ to 4+ hence, oxalic acid is the reducing agent.

1. To start balancing the equation, the two skeletal equations for the half reactions.
Reduction half-reaction: MnO4 — Mn’"

Oxidation half-reduction: H,C,04 — CO;
2. Balance by inspection all the elementsin the half reactions except O, H, and the charge.

Reduction half-reaction: MnO, — Mn"

Oxidation half-reduction: H,C,O, — 2 CO,

3. Balance the oxygen and hydrogen atoms. For oxanions in acidic solution, we balance H and
O by adding H" and H,0:
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i) First balance the O atoms by adding H,O:

Reduction half-reaction. Add 4 H,O on the right to balance the four O atoms on the | eft:
MnOZ; — Mn” +4H,0

Oxidation half reaction: The O atoms are aready balanced.
H,C,04 — 2 CO,

i) Next, add H" to balance the H atoms on either side of the half reactions;

Reduction half-reaction: Add 8 H™ on the left to balance the eight H atoms on the right:
MnO, +8H' — Mn™ +4H,0

Oxidation half reaction. The equation needs 2 H" onthe right to balance the H atomsin the
H,C,0, molecule on the | eft.

HC,04 — 2CO,+2H'
4. Balance the electric charges by adding electrons.

Reduction half-reaction. To balance the 2+ charge on the right and 7+ charge on the left, we
need to add five electrons to the | eft:

MnOj; +8H +56 — Mn" +4H,0

Oxidation half reaction. We need to add two electrons on the right to cancel the two positive
charges.

H,Co0s4 —» 2CO,+2H +2e

5. prepare the two half reactions for summation by making the number of electronsthe samein
both. (Electrons cannot be created or destroyed.) Multiply the reduction half-reaction by 2 and
the oxidation half-reaction by 5:

Reduction half-reaction: 2MnOj + 16 H +10e - 2Mn”" + 8 H,0
Oxidation half reaction: 5 H,C;04 — 10 CO, +10H" +10e

6. Combine the two half-reactions.
i) First, add the two half-reactionsin step 5:

2MnOj + 16 H +10€ +5H,C04 - 2Mn” +8H;0+10CO, + 10H +10€e

ii) Next, simplify the balanced equation by canceling like species on both sides of the equation.
In this example, 106 and 10 H" can be canceled.

2MnOj +6H+5H,C,0;s » 2Mn° +8H,0 + 10 CO,
iii) Finally, insert the state of each species:
2MNOJ (a + 6 H (et 5 H2Co04 ey — 2 M (s + 8 H20 () + 10 CO; g

The expression is the fully balanced net ionic equation.
a) Oxidation state method: First, the skeletal equation:
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7 + 0 BYtorn. 2+

l l
— 2+
MNO 4 (ag) + H2C204 (ag) » MN' (ag) + CO2 ()

1 1
3+ 0 PNEIMy L 44
Step 1. Balancing the total change in oxidation numbers
Total change in oxidation number of manganese = final — initial =2-7=-5
Total change in oxidation number of carbon = 2(4) —2(3) =2
Total change in oxidation number of Mn + total change in oxidation number of C=0
(=5)x+(2y=0
Therefore, x=2,y=5
2MNOJ (ay + 5 H2Co04 ey — 2MN°" (o + 10 CO; (g

Step 2: Balancing charges by adding H.
Charge on left hand side= -2
Charge on right hand side = +4

Since we are balancing charges by adding a positively charged species, the left hand
side
charge must be brought up to +4 which requires 6H".

2MNOJ (@ + 6 H ey + 5 HoCoOs agp — 2MN° ey + 10 CO,

Step 3: Balancing excess hydrogen and oxygen by adding H»O.

Number of H atoms on the left hand side=6 + 10 = 16
Number of H atoms on the right hand side =0

Right hand requires 16 H atoms.

Number of O atoms on the left hand side=2 (4) +5(4) =28
Number of O atms on the right hand side =10 (2) = 20

Right hand requires 8 O atoms.

Therefore, right hand side requires 8H,0 (16 H and 8 O atoms)

2 MHOZ (ag) T 6 H+(aq)+ SH2C04 (s —» 2 Mn2+ (g T 8 H20 () + 10 CO;3 (g
b) The skeletal equation:

7+ 0 Beﬂ"ﬁtlﬂj 4+

! !

M nOZ(aq) +Br (ag) -~ MnO2(g) +Bro3(ag)
1 1
1- PRI s
Since the oxidation number of manganese decreases from 7+ to 4+ it is the oxidizing agent.

The oxidation number of bromine increases from 1- to 5+ it is the reducing agent.
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The procedure is similar to that balancing redox equationsin acidic solution, but step 3isa
little more involved.

1. Write the skeletal equations for the half-reactions.

Reduction half-reaction: MnO,4 — MnO;

Oxidation half-reduction: Br — BrOg

2. Balance by inspection all elementsin the half-reactions except O, H and the charge. The
equations of both half-reactions are already balanced in this case.

3. Balance the oxygen and hydrogen atoms. For oxoanions in basic solution, we balance H and
O by adding OH and H-0.
i) First balance the O atoms by adding H,O:

Reduction half-reaction. Add 2 H,O on the right side to balance the two extra O atoms on the
left.

MnO,4 - MnO,+ 2H,0
Oxidation half-reduction. Add 3 H,O on the |eft side to balance the three O atoms on the right.

Br +3H,0 - BrOg3

i) Next, balance the H atoms by adding H,O on the side needing the H atoms and then adding

the same number of OH ions to the other side of the equation. The net result is an addition of
an H atom to the side to which we have added H,O. When we add

..OH ... - ...HO...
we are effectively adding one H atom to the right; when we add

. HO... - ...OH ...

we are effectively adding an H atom to the left. Just remember that the number of OH  that
needs to be added is the same as the number of H,O.

Reduction half-reaction. Add 4H,0 on the left and 4OH on the right to balance the four H
atoms on theright:

MnO, + 4H,0 - MnO,+ 2H,0 + 40H"

Oxidation half-reduction. The equation needs 6H,0 on the right and 60H  on the l&ft to
balance the six H atoms on the | eft:

Br +3H,0+60H - BrO3 + 6H,0

iii) Thefinal part of this step, we simplify the two half-reactions by canceling like species on
each side:

Reduction half-reaction. MnO, + 2H,0 —» MnO,+ 4 OH

Oxidation half-reduction. ~ Br +60H - BrO3 + 3H,0

4. Balance the electric charge by adding electrons.

Reduction half-reaction. To balance the 4- charge on the right and the 1- charge on the | eft,
we need to add three electrons to the | eft:
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MnO, + 2H,0 + 3e - MnO,+ 40H

Oxidation half-reduction. To balance 7— charge on the left and the 1- charge on the right, we
need to add six electrons to the right:

Br +60H - BrO3 +3H,0 +6e

5. Prepare the two half reactions for summation by making the number of electrons the samein
both.

Multiply the reduction have equation by 2:

Reduction half-reactions: ~ 2MnO, + 4H,0 + 6e — 2MnO,+ 80H

Oxidation half-reduction: ~ Br +60H - BrOg + 3H,0 + 6e
6. Combine the two half-reactions.
i) First, add the equations of the two half-reactions as they are written:
2MnOy +4H,0+6e +Br +60H — 2MnO,+ 80H + BrO3 + 3H,0 + 6e

i) Next, simplify the balanced equation by canceling like species on both sides of the equation.
In this example, 6e , 3H,0, and 60H can be canceled:

2MnOy, +H,O +Br — 2MnO,+20H + BrO4
iii) Finally, insert the state of each species:
2MnOZ () + H20 ) + B () ~ 2MNOz(9+ 20H (a) + BrO3 (a

¢) This and the rest show only the essential steps, the steps you would be expected to show if asked to
balance redox equation by the half-equation method.

The skeletal equation is
0 0 PrifFe, 2+
! l
- + 2+
Cu 9t NO3(aq) +H (aq) - Cu © + NO(g)

1 1

5+ 0 BPYYSy 2+

Oxidizing agent: nitric acid (nitrogen undergoes reduction in oxidation number). Reducing
agent copper (which undergoes increase in oxidation number).

Reduction half-equation: NO3 - NO

Balanced reduction half-equation: NO3 + 4H" + 3¢ — NO + 2H,0
Oxidaton half-equation: Cu — cu”’

Balanced oxidation half-equation: Cu - Cu*" + 26

Multiplying the balanced reduction half-equation by 2 and the oxidation half-equation by 3 (to
equate the number of electrons lost and gained), summing them, and adding state symbols:

2NO3 +8H +6e -  2NO+4H,0
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3Cu ~ 3cu” +6e

3CU+2NO3 a +8H @y - 3CU™ (g + 2NO g + 4H,0)
d) The skeletal equationis
0 O Peyte, 1-

i !

Cla(g +S205 oy ~ Cl (e +SOF (o)
t 1
2+ [0 BER9R, 6+
Oxidizing agent: chlorine. Reducing agent: thiosulfate.
Reduction half-equation: Cl, — Cl
Balanced reduction half-equation: Cl, + 2e — 2Cl

Oxidaton half-equation: szog‘ - S0z

Balanced oxidation half-equation: SQO§"+ 5H,O - 280421' +10H" + 66

Multiplying the balanced reduction half-equation by 4 and the oxidation half-equation by 3,
summing them, and adding state symbols:

4Cl,+4e - 8ClI

037 +5H,0 — 2507 +10H + 86

4Cl2 (g + $03 (ag) + SH20 () - 8Cl (ag) SSOZ(Q) +10H" 0
€) The skeletal equation is

7+ DR o4

l !

MO} (o) *+H2S03(agy ~ Mn*(9 + HSO4 )

T T
4+ O 6+

Oxidizing agent: chlorine. Reducing agent: thiosulfate.

Reduction half-reaction: MnO4 — Mn’"
Balanced reduction half-equation: MnO 4 + 8H +56 - Mn’" +4H,0
Oxidation half-equation: H,SO3; - HSO 4

Balanced oxidation half-equation: H,SO3 + H,O - HSO, + 3H +2e

Multiplying the balanced reduction half-equation by 2 and the oxidation half-equation by 5,
summing them, and adding state symbols:

2MnO, +16H +106 ~  2Mn" +8H,0
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5H,S03 + 5H,0 ~  BHSOj +15H" +10e

2MNO 4 (ag) + H'(ag) *+ 5H2S03 (ac) — 2MIn”" (e + 5HSO 3 e+ 3H20y)
f) The skeletal equationis
o [BeMeERR 1.
l l
Cl2(g) +H2S(ag) ~ Cl7(a0) +Sg)
T 1
0. O Prep | o

Oxidizing agent is chlorine, and reducing agent is hydrosulfuric acid.

The balanced equation is Clz(g) + HzS(aq) - 2CI (aq) T S(s) + 2H+(aq)
0) The skeletal equationis

oD BAMERPR 1-

! !

Brogy -  Bri(ag+ BrO'3(aq)
) 1

o 0K 5+

In this reaction, both the oxidizing and reducing agent is Br,. Thiskind of reaction where the same
substance undergoes both reduction and oxidation is called disproportionation.

Reduction half-equation: Br, — Br
Balanced reduction half-equation: Br, + 2e - 2Br

Oxidation half-equation: Br, — BrO3

Balanced oxidation half-equation: Br, + 6H,0 + 120H - 2BrO3 + 12H,0 + 10e

Multiplying the balanced reduction half-equation by 5, summing them, and adding state symbols:
5Br, + 10e - 10Br

Bro+6H,0+120H - 2BrO3 + 12H,0 + 10e

6Br2 () + 120H_(aq) ~ 10Br (aq) T 2BrO3 (ag+ 6H20y)
h) The skeletal equation is

o o 6+

i i

Cr¥* (ag) + MOy — CrOF 0y +Mn** (ag)

T T

4+ 0 BFMPRD 2+
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Oxidizing agent is manganese(1V) oxide, and reducing agent is chromium(lll) ion.

The balanced equation is; 2Cr°" ) + 40H (xg) + 3MNO2 (g — 2Cr03 ™ (a + 2H0 ) +
3M n2+(aq)
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