Name Chemistry / /

Limiting Reagent/Percent Yield Answers

1. 4Fe(s) + 302(g) 2> 2Fe;0s(s)
Iron reacts with oxygen to produce iron(l11) oxide, as represented by the equation above. A 75.0 g sample of Fe(s) is mixed
with 11.5 L of Ox(g) at STP.
(a) Identify the limiting reactant when the mixture is heated to produce Fe»Os3(s). Support your answer with calculations.
(b) Determine the amount of excess that remains.
(c) Calculate the mass of Fe.Os(s) produced when the reaction proceeds to completion.
(d) If 42.3 grams of Fe,O3 are actually produced, what is the percent yield?

@ 75.0g Fe x 1 mole Fe x 2 moles Fe;03 x 159.6 g Fe;,03 = 107 g Fe20s3

1 55.8 g Fe 4 mole Fe 1 mol Fe;03

115L O; x 1 mole O, x 2mole Fe;,03 x 159.6 g Fe;03 = 54.6 g Fe203
1 224L0; 3 moles O, 1 mol Fe;03

Limiting Reagent: O: Excess Reagent: Fe

(b) 115L 0, x 1 mole O, x 4mole Fe x 55.8 g Fe = 38.2 g Fe needed
1 224L 0, 3molesO; 1molFe

75.0 — 38.2 = 36.8 grams excess

(©) 11.5L 0y x 1 mole O, x 2mole Fe;O3 x 159.6 g Fes0z+~ 54.6'g Fe20s

1 224L 0, 3 moles O, 1 mol Fe,O4
(d) Percent Yield = 42.3x 100 = 77.5%
54.6
2. N, + 3H, 2 2NH3

Nitrogen gas reacts with hydrogen gas to form ammonia,"NHsjgas. '50.0 liters of hydrogen gas and 18.0 liters of nitrogen
gas react.

(@) Identify the limiting reactant when the mixture is heated to produce NH3(g). Support your answer with calculations.
(b) How many liters of excess reagent remain?

(c) Calculate the volume of NH3 produeed.

(d) Calculate the percent yield if 20.0 liters,of NHgis actually produced?

@ 50.0 L H, x 1 malélH> x“2 moles NH; x 22.4 L NH3; = 33.3 L NH3

1 224 Hz%, 3'meles H 1 mole N,

18.0 L N> Xl male N>\x Z2mole NHz x 22.4 L NH3=36.0 L NHs
1 224 U'Na4 1 mole Nz 1 mole N>

Limiting Reagent:"Hg Excess Reagent: N2

(b) 50.0L Hy x 1 moleH, x 1 mole N, x22.4 L N, = 16.7 L N2 needed
1 224LH; 3molesH, 1moleN;

18.0— 16.7 = 1.3 L of excess remain

(c) 50.0 L H, x 1 mole H; x 2moles NH; x 22.4 L NH3; = 33.3 L NHs
1 22.4LH; 3 moles H; 1 mole N2

(d) Percent Yield = 20.0x 100 = 60.1%
33.3



3. 2Cu+S > Cu.S
Solid copper reacts with solid sulfur to form solid cuprous sulfide. 80.0 grams of copper and 25.0 grams of sulfur are
reacted.
(a) Identify the limiting reactant when the mixture is heated to produce CuzS. Support your answer with calculations.
(b) How many grams of excess reagent remain?
(c) Calculate the mass of Cu.S produced.
(d) Calculate the percent yield if 87.3 grams of CuS is actually produced?

€)] 80.09 Cu x 1 mole Cu x 1mole CupS x 159.16 g Cu,S = 100. g Cu2S
1 63.559gCu 2 moles Cu 1 mole CuzS

25.09S x 1moleS x 1mole CupS x 159.16 g Cu,S = 124 g CuzS
1 32069gS 1moleS 1 mole CuzS

Limiting Reagent: Cu Excess Reagent: S

(b) 80.09Cu x 1 moleCu x 1moleS x 32.06gS = 20.2 g S needed
1 63.559gCu 2molesCu 1moleS

25.0 — 20.2 = 4.8 grams of excess

(© 80.0g Cu x 1 mole Cu x 1mole Cu,S x 159.16 g Cu,S = 100. giCu.S

1 63.55gCu 2 moles Cu 1 mole CuzS
(d) Percent Yield = 87.3x 100 = 87.3%
100.
4. 2Al + 3CuSO4 = Aly(SO4)3 + 3CuU

Solid aluminum reacts with aqueous copper(ll) sulfate infasingle‘displacement reaction. 1.87 grams of aluminum reacts
with 2.50 grams of CuSOa.

(a) Identify the limiting reactant when the mixture istheatedhto preduce Cu. Support your answer with calculations.

(b) How many grams of excess reagent remain?

(c) Calculate the mass of Cu produced.

(d) Calculate the percent yield if 0.65 grams.of Cu actuallygproduced?

€)] 1.87g Al x 1 mole Al x 3'melesCu x163.559Cu = 6.61gCu
1 26.98 g Al 1,2 males Al 1 mole Cu

2.50 g CuSO,4 x 1 mole CuSO, % 3 moles Cu x 63.559gCu = 0.995¢g Cu
1 159.6199,CuS©4 3 moles CuSO4 1 mole Cu

Limiting Reéagent:jCuSO4 Excess Reagent: Al

(b) 2.50 g CuSO4 x ‘Bimole'CuSO4 x 2 moles Al x 26.98 g Al = 0.282 g Al
1 15961 g CuSO4 3 moles CuSO4 1 mole Cu

1.87 — 0.282 = 1.59 grams of excess

(c) 2.50 g CuSO4 x 1 mole CuSO4 x 3moles Cu x 63.559 Cu = 0.995g Cu
1 159.61 g CuSO, 3 moles CuSO4 1 mole Cu

(d) Percent Yield = 0.65 x 100 = 65%
0.995



5. 2CH30H + O, 2 2H,CO + 2H,0
Methanol, CH3;OH, reacts with oxygen to produce formaldehyde, H,CO and water according to the following equation:
The above reaction is carried out in a laboratory and 270.0 grams of methanol and 48.6 liters of oxygen at STP.
(a) Identify the limiting reactant. Support your answer with calculations.
(b) How much of the excess reagent remains?
(c) Calculate the mass of H,CO produced.
(d) If 82.34 grams of formaldehyde are actually produced, what is the percent yield?

(@) 270.0 9 CH30H x 1 mole CH30OH x 2 moles H,CO x 30.03 g H,CO = 253.0 g H.CO

1 32.05g CH3OH 2 moles CH3OH 1 mole H,CO
486 L O, x 1 mole O; x 2 moles CHsOH x 30.03 g H,CO = 130.g H2CO
1 2241 0O, 1 mole O 1 mole H,CO
Limiting Reagent: O2 Excess Reagent: CH3OH

(b) 48.6 L O; x 1 mole O;x 2moles CH30OH x 32.059 CH3;OH = 139 g CH3OH \needed
1 22410, 1 mole O; 1 mole CH3;OH

270.0 — 139 = 131 grams of excess CH3zOH

(© 48.6 L O; x 1 mole Oy x 2 moles CHsOH x 30.03 g H,CO = 130. g H.CO

1 224 L0, 1 mole O, 1 mole H,CO
(d) Percent Yield = 82.34 x 100 = 63.3%
130.
6. CeHg + HNO3 = CgHsNO, + H20

Nitrobenzene is used in the production of perfumes. Nitrobenzene, CsHsN®>, along with\water, is produced by reacting
benzene, CgHs, with nitric acid, HNO3. 109.5 grams of CgHg,and 102.2 gfams of HNOs react.

(a) Identify the limiting reactant. Support your answer with calculations.

(b) How much of the excess reagent remains?

(c) Calculate the mass of Nitrobenzene, C¢HsNO, produced.

(d) If 159.7 grams of CsHsNO are actually producedypwhatiis the\percent yield?

€)] 109.5 g CgHs x 1 mole CeHe X imolexCeHsNO, 'x 123.12 g CgHsNO, = 172.6 g CsHsNO:2

1 78.12 g CaHe Tmole CeHe 1 mole CeHsNOz
102.2 g HNO3 x 1 maleHNOs x Bimole CsHsNO, x 123.12 g C¢HsNO, =199.7 g CeHsNO2
1 63.02 g HNO3 T'mole HNO3 1 mole CsHsNO;
Limiting Reagént: Cekle Excess Reagent: HNO3

(b) 109.5 g CgHs X1 moleLCeHe x 1 mole HNO3 x 63.02 g HNO3; = 88.33 g HNO3 needed
1 7842 g CéHs 1 mole CeHs 1 mole HNOs

102.2 — 88.33 = 13.9 grams of excess HNOs3

(c) 109.5 g CgHs x 1 mole C¢He x 1 mole C¢HsNO, x 123.12 g CgHsNO, = 172.6 g CeHsNO2
1 78.12 g CeHe 1 mole CeHe 1 mole CeHsNOz

(d) Percent Yield = 159.7 x 100 = 92.54%
172.6



7. 2Al + 3CrO > Al,O3 + 3Cr
Aluminum oxide is produced in a single replacement reaction between aluminum and chromium(ll) oxide. 225.0 grams of
chromium(ll) oxide reacted with 125.0 grams of aluminum.
(a) Identify the limiting reactant. Support your answer with calculations.
(b) How much of the excess reagent remains?
(c) Calculate the mass of aluminum oxide produced.
(d) If 100.0 grams of aluminum oxide are actually produced, what is the percent yield?

©) 225.09 CrO x 1 mole CrO x 1 mole Al;03 x 101.96 g Al,O3 = 112.5 g Al203
1 68.00gCrO 3 molesCrO 1 mole Al,O3

125.0 g Al x 1 mole Al x 1 mole Al,O3 x 101.96g Al,O3 = 236.2 g Al.O3
1 26.98g Al 2 moles Al 1 mole Al,O3

Limiting Reagent: CrO Excess Reagent: Al
(b) 225.09 CrO x 1 mole CrO x 2mole Al x 26.98g Al = 59.51 g Al %\
1 68.00g CrO 3 molesCrO 1 mole Al
125.0 - 59.51 = 65.5 grams of excess Al §
3

(c) 225.0g CrO x 1 mole CrO x 1 mole Al,O3 x 101.96 g Al,O3 = 11259 A
1 68.00gCrO 3 molesCrO 1 mole Al,O3

(d) Percent Yield = 100.0 x 100 = 88.89%
112.5



