Chemistry 11 Fall 2010

Stoichiometry Workshop - Solutions

1. FeyO3 (s) + 2A1(S) — AlLO; (s) + 2 Fe(@)
y 1 mol Al X2molFeX55.85 gFe
2698 g Al 2mol Al 1molFe

1 mol Fe,O, 8 2 mol Fe 8 55.85 gFe
159.70 gFe,O, 1mol Fe,O, 1molFe

150 g Al =311gFe

250 g Fe,0, x =175 g Fe

Fe,Os is the limiting reagent, and 175 g Fe is produced from this reaction.

2. Consider 100.0 g of vitamin A:

1 mol vitamin A

100.00 g vitamin Ax ————=0.3492mol vitamin A
286.4 g vitamin A
83.86 g Cx L€ _ 6 982 mol C
12011 gC
6.982 mol C ~ 1999molC =~ 20mol C
0.3492 mol vitamin A 1 mol vitamin A 1 mol vitamin A
10.56 g Hx—OUH 1648 mol 1
1.0079 gH
10.48 mol H 30.0lmolH 30 molH

0.3492 mol vitamin A= 1 mol vitamin A 1 mol vitamin A
(100-83.86-10.56)gE 1598 gE ><1 mol vitamin A 1598 gE
0.3492 mol vitamin A 1 mol vitamin A 1 mol E 1 mol E

The molecular weight of E 1s 15.98 g/mol, which suggests that E is oxygen (O) and
the molecular formula of vitamin A is C,oH;300.

3. a. By conservation of mass:

(24.96 g CO, +12.27 g H,0)—-(10.00 g C,H,,0)=2723 g O,

b. 24.96 g CO, x A mOLCO, | TmolC s o1ox12018C ¢g11gc
44.01 gCO, 1mol CO, I mol C
1227 g HOx L OIHLO  2molH 50, ormx 0988l 3050
18.02 gH,0 1mol H,O I molH
mass of O = (10.00 g MTBE)—(6.811 g O)—(1.373 gH)=1.82 g O
182 g0x1mLO 1 135m010

16.00 gO
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Dividing each mole value by 0.1135 yields a mole ratioof 5C: 12 H : 1 O.
The empirical formula is thus (CsH;,0),, which has a formula weight of 88.15 amu.

c. The MTBE vapor has a mass about twice the mass of an equal volume of carbon dioxide
gas at the same temperature and pressure. This implies that the molecular mass of MTBE
is 2 times the molecular mass of carbon dioxide gas, which is 44.01 amu. Thus, the
molecular mass of the sample must be = 88 amu. The mass of the empirical formula unit
CsH ;0 is 88.15 amu. Thus, n = 1, and the molecular formula of MTBE must be
CsH 0.

d. 2C5H120(‘,) + 15 Oz(g) - 10 C02 (g + 12 Hzo(g)

4. a. CaCO;) + 2HClug — CaClyag + COz(e) + HaO
b. MgCOs ) + 2 HClag) = MgClhwg + CO2(g + HaOg)
c. 1.000 g of lime contains 0.800 CaCOj3 and 0.200 MgCO:s.
1 mol CaCO, y 1 mol CO, y 44.01 g CO,

0.800 g CaCO, x =0.352¢gCO,
100.05 g CaCO; 1mol CaCO; 1mol CO,

0.200 g MgCO, x 1 mol MgCO, y 1 mol CO, ><44.01 gC02:0.104gC02
84.32 gMgCO, 1molMgCO; 1molCO,

total CO, = (0.352 g) + (0.104 g) = 0.456 g CO,

d. 1.000 g of lime contains 0.800 CaCO3 and 0.200 MgCO:s.

0.800 g CaCO, x 1 mol CaCO, 8 2 mol HCI ><36'46 gHCl:O.S83gHCl
100.05 g CaCO; 1mol CaCO, 1mol HCI

0.200 g MgCO, x 1 mol MgCO, y 2 mol HCl ><36.46 gHCl:O.173gHCl

84.32 gMgCO, 1mol CaCO, 1mol HCI
total HC1 = (0.583 g) + (0.173 g) = 0.756 g HCI
e. 1.000 g mixture = (x g CaCOs) + (y g MgCOs3)

1 mol CaCO, y 1 mol CO, 8 44.01 g CO,
100.05 g CaCO; 1mol CaCO, 1molCO,

1 mol MgCO, y 1 mol CO, y 44.01 g CO,
84.32 g MgCO, 1molMgCO, 1molCO,

0.500 g CO;, = (0.440x g CO; from CaCOs3) + (0.522y g CO; from MgCO»)
0.500 g CO, = (0.440x g CO,) + (0.522 x (1.000—x) g CO,)
0.500 g CO, =0.522 g CO, — 0.082x g CO,

. (0.522-0.500) g CO,
0.082 g CO,

The mixture contains 0.268 g CaCO; and 0.732 g MgCOs.

x g CaCO, x =0.440x g CO, from CaCOs

y g MgCO; x =0.522y g CO, from MgCOs3

=0.268




