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Chapter 5
Solutions to Selected Integrative and Advanced Exercises

(M)

(&) 2HCl(aq)+ FeS(s) —— FeCl, (aq) + H,S(g)

(b) Oxidation:  2Cl (aq)——>Cl,(aq)+2e"
Reduction:  MnO,(s)+4H"(aq) + 2e" ——>Mn’"(aq) + 2H,O (l)
Net: 2 CI (aq)+MnO,(s)+4 H*(aq)——Cl,(g)+Mn** (aq)+2 H,0(l)
+ Spectator Ions: 4 HCl(aq) + MnO, (s)——Cl,(g) + MnCl, (aq) +2 H,O(])

(c) Because NH;(aq) is a weak base, the reaction takes place in alkaline solution.

Oxidation:  2NH,(aq)——>N,(g)+6H" +6¢~
Reduction: {Br,+2e” ——>2Br (aq)} x3

Net : 2NH,(aq) +3Br, —> N, (g)+6H" + 6 Br ™ (aq)
The spectator ion is NH," (aq); first, add 6 NH; (aq) on each side, to “neutralize” H*.
2NH,(aq)+3Br, + 6 NH,(aq)——> N, (g)+6 H" +6Br (aq) +6 NH, (aq)

Then, recognize that NH,(aq) + H* (aq)——> NH, " (aq) , and NH,Br(aq) is really
NH," (aq)+Br~(aq).

8 NH, (aq)+3 Br, — N, (g) + 6 NH ,Br(aq)

(d) Ba(ClO,),(s)+H,SO, (aq)—— 2 HCIO, (aq) + BaSO, (s)

(M) We can calculate the initial concentration of OH'.

0.0250 mol Ba(OH), 2 mol OH-

[OH ]= =(0.0500 M
1L soln 1L soln
We can determine the ratio of the dilute (volumetric flask) to the concentrated (pipet) solutions.
vV )
V., xC, =V, xC, =V, x0.0500M =V, x0.0100 M —d:M:S.OO
V. 0.0100M

c

If we pipet 0.0250 M Ba(OH), with a 50.00-mL pipet into a 250.0-mL flask, and fill this flask, with
mixing, to the mark with distilled water, the resulting solution will be 0.0100 M OH".

(D)
(a) Cu®" would produce a colored solid, while for NH,"/Na", no solids are expected (these cations form

very soluble salts). Therefore, Cu®" NH,", and Na* are not present. Thus the possible cations are Ba*"
and Mg”" (both give colorless solutions).

(b) Gas evolution when the solid reacts with HCl(aq) suggests the presence of carbonate (COs™).
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2 H'(aq) + CO57(aq) — “H>COs(aq)” — H,0(1) + COx(g)

If the solid is indeed a mixture of carbonates, the net ionic equation for the reaction of the solid with
HCl(aq) would be:

BaCOj;(s) + MgCOs(s) + 4 H'(aq) — Ba®"(aq) + Mg* (aq) + 2 H,O(l) + 2 COx(g)

The solution above contains Ba®" + Mg”" ions, so the addition of (NH4),SO4(aq) should result in the
formation of the insoluble sulfates of these two metal ions. This is consistent with the observations.

Net ionic equation: Ba®"(aq) + Mg*"(aq) + 2 S04 — BaSO4(s) + MgSO4(s).

If the solution above the solid should contain small quantities of all of the ions present in the solid, then it
should contain Ba*'(aq), Mg”*(aq), and COs>(aq). Addition of KOH should result in the formation of the
hydroxide of the two metal ions and potassium carbonate.

Note: K,COj; and Ba(OH), are both relatively soluble species, hence, neither of these species should
precipitate out of solution. However, Mg(OH),, is relatively insoluble. A precipitate (Mg(OH),(s) which is
white) is expected to form. This is consistent with the observations provided. We can conclude that the solid
is likely a mixture of BaCO;(s) and MgCOs(s). Without additional data, this conclusion would indeed explain
all of the observations provided.

(M)

(a) Oxidation: { IBr(aq)+3 H,0(1)——10, (aq)+ Br (aq)+6 H' (aq)+4 ¢} x3
Reduction: { BrO, +6 H'(aq)+6 e —— Br (aq)+ 3 H,O } X2
Net: 3 IBr(aq) + 3 H,O(1) + 2 BrO, (aq)——3 10, (aq) + 5 Br (aq) + 6 H" (aq)

(b) Oxidation : {Sn(s)——>Sn*"(aq)+2¢" } x3

Reduction: C,H,NO,(aq)+6 H'(aq) +6 e© ——> C,H,OH(aq) + NH,OH(aq) + H,O(l)

Net: 3 Sn(s) + C,H,NO,(aq) + 6 H' (aq)—>3 Sn**(aq) + C,H,OH(aq) + NH,OH(aq) + H,O(l)
(c) Oxidation: {As,S,(s)+8 H,0() ——2 H,AsO,(aq)+3 S(s)+10 H"(aq)+10¢" } x3

Reduction : {NO, (aq)+4H" (aq)+3e" ——> NO(g)+2H,0} x10

Net: 3 As,S,(s)+4 H,0(l) +10NO, (aq)+10 H" (aq)——> 6 H,AsO, (aq) +9 S(s) + 10 NO(g)

(d) Oxidation:1,(aq)+6 H,0()——2 10, (aq)+12 H" (aq) +10 ¢ x1

Reduction : {H;IO,(aq)+ H" (aq)+2e” —— 10, (aq)+3H,0} x5

Net:1,(aq)+5H,10,(aq)——> 710, (aq)+9H,O(1)+7 H" (aq)

(e) Oxidation: {2 S,F,(g)+6 H,0() —>H,S,0,(aq)+4 HF(aq) +6 H'(aq)+6¢ } x4
Reduction: {4 S,F,(g)+8 H (aq) + 8 e —— S,(s) + 8 HF(aq) } x 3

Net: 20 S,F, (g) + 24 H,0(1)——>4 H,S,0, (aq) + 3 S, (s) + 40 HF(aq)
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(D) The neutralization reaction is H,SO, (aq) + Ba(OH), (aq) ——> BaSO, (s)+2 H,O(l) .
First, we determine the molarity of H,SO4 in the 10.00 mL of diluted acid.

0.00498 mmol Ba(OH), N 1 mmol H,SO,
1 mL base 1 mmol Ba(OH),
10.00 mL acid

32.44 mL base x

molarity of H,SO, =

=0.0162 M H,SO,

Next, we determine the molarity of H,SOy in the concentrated solution, using V¢ x C. = Vy x Cq.

1.00 mL xC, =250.0 mLx0.0162M C, = 2200mbx00162M _ 5145 50,
1.00 mL
405 mol H,SO, 9808gH,SO, 1L 1mL

1 L soln 1 mol H,SO, 1000mL 1.239¢g

%H,S0, =

x100% =32.1% H,SO,

(M) CaCOs(s) + 2 HCl(aq) — CaCly(aq) + H,O(1) + COx(g)
HCl(aq) + NaOH(aq) — H,O(l) + NaCl(aq)

NiCiginitiay = 0.05000 L x 0.5000 M = 0.02500 mol HCI
nog-=0.04020 L x 0.2184 M = 0.00878 mol OH"

NHCl(excess) = 0.00878 mol OH" XM: 0.00878 mol HC1

1 mol OH
NHCI(reacted) = MHCI(initial) = NHCl(excess) — 0.02500 mol HCI - 0.00878 mol HCI= 0.01622 mol HCl

1 mol CaCO; 1 mol Ca™ 40078 g Ca™ 1000 mg Ca™

=325mg Ca®
2molHCI ~ 1mol CaCO,  1mol Ca® 1gCa® s

2+ _
mass Ca”" = (01622 mol HCI x

(M) Let Xkon = mass of KOH in grams and X oy be the mass of LiOH in grams.
(Note: Molar masses: KOH = 56.1056 g mol™' and LiOH = 23.9483 g mol™")
moles of HCl = CxV = 0.3520 M x 0.02828 L = 0.009956 mol HC1

We can set up two equations for the two unknowns:

Xkon + Xrion = 0.4324 g and since moles of HCI = moles of OH™ (Stoichiometry is 1:1)

0.009956 mol OH" = — ko, Ko
56.1056  23.9483

Make the substitution that Xgon = 0.4324 g - Xpion

— (0-4324 — XLiOH) + XLiOH — 0.4324 _ XLiOH + XLiOH
56.1056 23.9483 56.1056  56.1056 23.9483

Collect terms: 0.009956 mol OH = 0.007707 mol OH" + 0.02393Xyioy mol OH"

0.009956 mol OH" - 0.007707 mol OH™ = 0.02393 X jop mol OH™ = 0.002249 mol OH"

Xrion = 0.09397 g LiOH hence, Xgkon = 0.4324 g - 0.09397 g=10.3384 ¢

0.009956 mol OH

Mass % LiOH = 2223979 100%=21.73% Mass % KOH = 222549 . 100%=78.26%
0.43249 043249



90. (D) The first step is to balance the chemical equation. Using the method outlined in the text, we obtain

the following result:

8 H'(aq) + MnOy (aq) + 5 Fe*"(aq) » Mn”"(aq) + 5 Fe*(aq) + 4 H,O(1)

0.01621 mol KMnO, 1mol MnO,” 5 mol Fe*'

0.04217 L x X X
1L 1 mol KMnO, 1 mol MnO,"

=0.003418 mol Fe**

55.847 g
mol
0.2729 g sample - 0.1909 g Fe = 0.0820 g oxygen

0.003418 mol Fe in sample x =0.1909 g Fe

1 mol
00 g
0.003418 mol Fe + 0.003418 =1
(FeO, ;) x 2=Fe, 05

0.0820 g O x

=0.005125 mol O + 0.003418=1.5

91. (M)

1 mol Agl Xl mol CHI, ><1 mol C,H, O, 8 308.33¢g C,,H,O,
23477 g Agl 3 mol Agl 1 mol CHI, 1 mol C,H,O,

0.1386 g Aglx

=0.06068 g C,,H, O,

% C,H,0, = 2009688 100 - 0.4346 %
13.96 ¢

92. (M) The first step is to balance the chemical equation. By using the method described in the

text, we obtain the following result:

3 CuS(s) + 8 NO;3 (aq) + 11 H(aq) — 3 Cu*"(aq) + 8 NO(g) + 3 HSO4 (aq) + 4 H,O(1)

The next step is to calculate the volume of solution required:
1000 g 8 1 mol CuS y 8 mol HNO, y 63.02 g HNO,
lkg 9561gCuS 3 molCuS 1 mol HNO,

100 g soln 8 I mL soln
70 g HNO, 1.40 gsoln

1kg CuS x = 1757.7 g HNO,

1757.7 g HNO, x

=1793.6 mL = 2000 mL (to 1 sig fig)



