Unit 1, Homework No. 3: Stoichiometry and Types of Reactions
SOLUTIONS
1. (a) The balanced equation is:

[image: image16.png]CH;0H — CH,0 Cr,04 - Cr**
(CH;0H - CH,0+2H +2¢) x 3 14H +Cr,0 - 2Cr +7H,0
6¢ +14H +Cr,0,> -2 Cr’* +7H,0

3CH;OH > 3CHO+6H +6¢
6¢ +14H +Cr,04 -2 Cr* + 7TH,0

8 H'(aq) + 3 CH,0H(aq) + Cr,0,>(aq) — 2 Cr"(aq) + 3 CH,0(aq) + 7 H,O(l)




(b) Determine number of moles of Cr2S3 
[image: image2.emf]
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Number of moles of Cr is 2 ( 0.318 = 0.636 mol

Mass of Cr = moles of Cr ( molar mass of Cr = 0.636 ( 52.00 = 33.072 g

Number of moles of S is 3/8 ( 0.318 = 0.119 mol
Mass of S = moles of S ( molar mass of S = 0.119 ( 32.07 = 3.816 g

[image: image1.png]16 C1(s) + 3 Sg(s) — 8 CrS5(s)




2. 

[image: image4.png]First, we will determine composition by mass percent:

lg  1201gC

16.01 mg CO, x o 1000mg 369 g ¢

1000 mg 44.009 g CO, g
4369mgC
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437 mgH0 x — 8 20168 H  1000mg _ o 00 05
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vor= DM L1004 589 H: % 0 = 100.00 - (40.91 + 4.58) = 54.51% O

10.68 mg

So, in 100.00 g of the compound, we have:

4091gCx 12C 3 06 molc: 4.58 gH x 2Oy o4 norm
12.011gC 1008 gH

545120« —2%0 5407 mol0
159990

Dividing by the smallest number: % =133 = g; the empirical formula is C3H4Os.

The empirical formula mass of CsHsO5 is = 3(12) + 4(1) + 3(16) =88 g.

Because 76.1

= 2.0, the molecular formula is CsHgOs.



3. 

[image: image5.png]a.

d.

1mol C,H,Cl

1142 g CeHsCl x —— 65— _
112.55g C,H,CL

=10.15 mol CsHsC1

1mol C,HOCl,

485 g CHOCL x ————2——3__
147.38 g C,HOCI,

=3.29 mol C,HOCl;

2 mol C4H,Cl

From the balanced equation, the required mole ratio is ——>———
1mol C,HOCI;

=2. The actual

10.15 mol C,H,Cl
3.29 mol C,HOCI,

the required mole ratio, so the denominator of the actual mole ratio (C;HOCI) is
limiting.

mole ratio present is =3.09. The actual mole ratio is greater than

1mol C,,H,Cl; 35446 g C,,H,Cl,

3.29 mol C,HOCI; x X
mol C,HOCl, mol C},HyCly

=1170 g C14HyCl; (DDT)

C,HOCI; is limiting, and C¢HsCl is in excess.

2mol CH,Cl  112.55g CGHCl
mol C,HOCI, mol C,H,Cl

3.29 mol C,HOCI; x =741 g C¢H;sCl reacted

1142 g - 741 g =401 g C¢HsCl in excess

200.0 g DDT

Percent yield =
1170 g DDT

x100=17.1%




4. 

[image: image3.png]Mol unreacted CI” = 0.010 mol CI” unreacted

= 0.010mol Cl1 _ 0.010 mol C1 ~0.050 MCI
T total volume  0.1000 L+0.1000 L
The molarity of the spectator ions are:
_ 0.020mol NO,~ _ 0.015mol Ca*

M =0.10 MNO;s; M =0.075 M Ca**

NOy” 0.2000 L Caz” 0.2000 L




[image: image6.png]2 AgNO;(aq) + CaCly(aq) — 2 AgCl(s) + Ca(NOs),(aq)

0.20 mol AgNO

Mol AgNO; = 0.1000 L x L 2 =0.020 mol AgNO;

0.15 mol CaCl,

Mol CaCl, = 0.1000 L x L

=0.015 mol CaCl,

The required mol AgNOj; to mol CaCl, ratio is 2 : 1 (from the balanced equation). The actual
mole ratio present is 0.020/0.015 = 1.3 (1.3 : 1). Therefore, AgNO; is the limiting reagent.

1mol AgCl « 143.4 g AgCl

Mass AgCl = 0.020 mol AgNO; x
1 mol AgNO, mol AgCl

=29gAgCl

The net ionic equation is Ag(aq) + Cl(aq) — AgCl(s). The ions remaining in solution are
the unreacted CI™ ions and the spectator ions, NO;~ and Ca** (all Ag” is used up in forming
AgCl). The moles of each ion present initially (before reaction) can be easily determined
from the moles of each reactant. 0.020 mol AgNO; dissolves to form 0.020 mol Ag” and
0.020 mol NO;™. 0.015 mol CaCl, dissolves to form 0.015 mol Ca*" and 2(0.015) = 0.030
mol CI'".

Mol unreacted C1” = 0.030 mol CI” initially — 0.020 mol C1” reacted




5. 

[image: image7.png]NHj;(aq) + HNOs(aq) — NH,NOs(aq) (molecular equation)
NH;(aq) + H'(aq) + NO; (aq) — NH, (aq) + NO;s(aq)  (complete ionic equation)
NH;(aq) + H'(aq) — NH,"(aq) (net ionic equation)

Ba(OH),(aq) + 2 HCl(aq) — 2 H,0(1) + BaCly(aq)
Ba*"(aq) + 2 OH (aq) + 2 H'(aq) + 2 CI"(aq) — Ba*"(aq) + 2 Cl"(aq) + 2 H,O(l)
OH (aq) + H'(aq) — H,O(l)




6. (a) Mg is a strong reducing agent.

Mg(s) + 2 CH3COOH(aq) ( Mg2+(aq) + H2(g) + 2 CH3COO-(aq)

(a) Fe2(CO3)3(s) + 6 H+(aq) ( 3 CO2(g) + 2 Fe3+(aq) + 3 H2O(l)

(b) Mn(OH)2(s) + 6 CN-(aq) ( Mn(CN)64-(aq) + 2 OH-(aq)

7. (a) Overall equation: HBr(aq) + KOH(aq) ( KBr(aq) + H2O(l)

Net ionic equation: H+ (aq) + OH- ( H2O (l)

(a) Overall equation: Zn(OH)2(aq) + 2 HNO2(aq) ( Zn(NO2)2(aq) + 2 H2O(l)

(b) Overall equation: Ca(OH)2(aq) + 2 HCN(aq) ( Ca(CN)2(aq) + 2 H2O(l)

(c) Overall equation: 3 KOH(aq) + H3PO4(aq) ( K3PO4(aq) + 3 H2O(l)

Since no precipitations occur in the above reactions, an acceptable net ionic equation is H+ (aq) + OH- ( H2O (l) in all cases, since the other ions are spectator ions.

8. (a) Ba(OH)2 base, HNO3 acid

(b) KOH base, HClO4 acid

(c) NaOH base, H2SO4 acid

(d) Ni(OH)2 base, HCl acid

9.
(a) +5, (b) +6, (c) +4, (d) +7, (e) +3

[image: image8.png]3 HC104(aq) + Fe(OH)s(s) — 3 H,O(1) + Fe(ClO,)s(aq)
3 H'(aq) + 3 ClO, (aq) + Fe(OH)s(s) — 3 H,O(l) + Fe**(aq) + 3 ClO,(aq)
3 H'(aq) + Fe(OH);(s) — 3 H,0() + Fe*"(aq)

AgOH(s) + HBr(aq) — AgBr(s) + H,O(l)
AgOH(s) + H'(aq) + Br(aq) — AgBr(s) + HO(l)
AgOH(s) + H'(aq) + Br(aq) — AgBr(s) + HO(l)



10. (a) 
[image: image9.png]Review Section 4.11 of the text for rules on balancing by the half-reaction method. The

first step is to separate the reaction into two half-reactions, and then balance each half-
reaction separately.

(Cu—>Cu¥ +2¢e)x3 NO;™ - NO +2 H,0
(3¢ +4H +NO; —NO + 2 H,0) x 2

Adding the two balanced half-reactions so electrons cancel:

3Cu—3Cu +6¢e
6e +8H'+2NO;” - 2NO +4 H,0

3 Cu(s) + 8 H'(aq) + 2 NO; (aq) — 3 Cu**(aq) + 2 NO(g) + 4 H,0O(l)



(b) 
[image: image10.png]Q2CIr > ClL+2¢e)x3 Cr,0, —»2Cr’" + 7H,0
6e +14H +Cr,0/” > 2Cr" +7H,0




[image: image11.png]Add the two balanced half-reactions with six electrons transferred:

6ClI" >3CL+6¢
6e +14H +Cr,0, —» 2 Cr" +7H,0

14 H'(aq) + Cr,0,>(aq) + 6 Cl(aq) — 3 Cly(g) + 2 Cr’*(aq) + 7 H,O(l)



(c) 

[image: image12.png]Mn*" — MnO,~
(4H,0+Mn*" > MnO, +8H +5¢) x2
NaBiO; — Bi*" + Na*
6 H + NaBiO; — Bi*" + Na* + 3 H,0
(2e +6H +NaBiO; » Bi*" +Na" + 3 H,0) x 5




[image: image13.png]8 H,0+2Mn* - 2MnO, + 16 H +10 ¢
10 e+ 30 H™ + 5 NaBiO; — 5 Bi*" + 5 Na" + 15 H,0

8 H,0 +30 H +2 Mn*™ + 5 NaBiO; — 2 MnO,” + 5Bi*" + 5Na" + 15 H,0 + 16 H




[image: image14.png]Simplifying:
14 H'(aq) + 2 Mn*"(aq) + 5 NaBiOs(s) — 2 MnO,(aq) + 5 Bi*"(aq) + 5 Na'(aq) + 7 H,O(1)




(d) 
[image: image15.png]@2Br »Brn,+2¢)x5 MnO,” — Mn*" + 4 H,0
(5¢ +8H"+MnO,” — Mn” + 4 H,0) x 2

10Br” - 5Br, +10e”
10e + 16 H +2 MnO,” — 2 Mn™™ + 8 H,0

16 H'(aq) + 2 MnO, (aq) + 10 Br (aq) — 5 Bry(1) + 2 Mn*"(aq) + 8 H,O(l)




(e) 
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