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Problem #11: The equation for the reduction of iron ore in a blast furnace is given below. (a) How many kilograms of iron can be produced by the reaction of 7.00 kg of Fe203 and 3.00 kg of CO? (b) How many kilograms of the excess reagent remains after reaction has ceased? Fe203 + 3CO ---> 2Fe + 3CO2 Solution to a: 1) Determine the limiting
reagent: Fe203 ---> 7000 g / 159.687 g/mol = 43.836 molCO ---> 3000 g / 28.01 g/mol = 107.105 mol Fe203 ---> 43.836 mol / 1 mol = 43.836CO ---> 107.105 mol / 3 mol = 35.702 CO is the limiting reagent. 2) Use the CO : Fe molar ratio: 3 is to 2 as 107.105 mol is to x x = 71.403 mol of Fe produced 3) Convert to kilograms of Fe: (71.403 mol)
(55.845 g/mol) = 3987.52 g to three sig figs this is 3.99 kg of iron Solution to b: 1) Use Fe203 to CO molar ratio 1 is to 3 as x is to 107.105 mol x = 35.702 mol of Fe203 consumed 2) Determine mass remaining: (35.703 mol) (159.687 g/mol) = 5701 g consumed 7000 g 5701 g = 1299 g to three sig figs, this is 1.30 kg Problem #12: The reaction of 4.25
g of CI2 with 2.20 g of P4 produces 4.28 g of PC15. What is the percent yield? Solution: 1) First, a balanced chemical equation: P4 + 10C12 ---> 4PCIl5 2) Get moles, then limiting reagent: P4 ---> 2.20 g / 123.896 g/mol = 0.0177568 molCIl2 ---> 4.25 g/ 70.906 g/mol = 0.0599385 mol P4 ---> 0.0177568 / 1 = 0.0177568CI2 ---> 0.0599385/ 10 =
0.00599385 CI2 is the limiting reagent. 3) How many grams of PCI5 are produced? Use Cl2 : PCI5 molar ratio of 10 : 4 (or 5 : 2, if you prefer) 5 is to 2 as 0.0599385 is to x x = 0.0239754 mol of PCI15 produced (0.0239754 mol) (208.239 g/mol) = 4.99 g ( to three sig figs) 4) Determine percent yield: (4.28 g/ 4.99 g) x 100 = 85.8% Notice how asking
about percent yield (oh, so innocuous!) forces you to go through an entire limiting reagent calculation first. Problem #13: 35.5 g SiO2 and 66.5 g of HF react to yield 45.8 g H2SiF6 in the folowing equation: SiO2(s) + 6 HF(aq) ---> H2SiF6(aq) + 2 H20(1) (a) How much mass of the excess reactant remains after reaction ceases?(b) What is the
theoretical yield of H2SiF6 in grams?(c) What is the percent yield? Solution to (a): 1) Must determine limiting reagent first (even is it not asked for in the question): SiO2 ---> 35.5 g/ 60.084 g/mol = 0.59084 molHF ---> 66.5 g / 20.0059 g/mol = 3.324 mol SiO2 ---> 0.59084 mol / 1 mol = 0.59HF ---> 3.324 mol / 6 mol = 0.554 HF is limiting. 2)
Determine how much SiO2 remains: The SiO2 : HF molar ratiois 1 : 6 1 is to 6 as x is to 3.324 mol x = 0.554 mol of SiO2 used up 0.59084 mol 0.554 mol = 0.03684 mol of SiO2 remains (0.03684 mol) (60.084 g/mol) = 2.21 g (to three sig figs) Solution to (b): There are 0.59084 mol of SiO2 SiO2 : H2SiF6 molar ratio is 1 : 1 therefore, 0.59084 mol of
H2SiF6 produced (0.59084 mol) (144.0898 g/mol) = 85.1 g (to three sig figs) Solution to (c): (45.8 g/ 85.1 g) (100) = 53.8% Problem #14: Gaseous ethane reacts with gaseous dioxygen to produce gaseous carbon dioxide and gaseous water. (a) Suppose a chemist mixes 13.8 g of ethane and 45.8 g of dioxygen. Calculate the theoretical yield of water.
(b) Suppose the reaction actually produces 14.2 grams of water . Calculate the percent yield of water. Solution to (a): 1) Write the balanced equation: 2C2H6 + 702 ---> 4C0O2 + 6H20 2) Determine limiting reagent: C2H6 ---> 13.8 g / 30.0694 g/mol = 0.45894 molO2 ---> 45.8 g / 31.9988 g/mol = 1.4313 mol C2H6 ---> 0.45894 / 2 = 0.2294702 --->
1.4313 /7 = 0.20447 Oxygen is limiting. 3) Determine theoretical yield of water: The oxygen : water molar ratiois 7 : 6 7 is to 6 as 1.4313 mol is to x x = 1.2268286 mol of water 4) Convert moles of water to grams: (1.2268286 mol) (18.015 g/mol) = 22.1 g (to three sig figs) Solution to (b): (14.2 g/ 22.1 g) (100) = 64.2% Problem #15: A 0.972-g
sample of a CaCl2 2H20 and K2C204 H2O0 solid salt mixture is dissolved in 150 mL of deionized water, previously adjusted to a pH that is basic. The precipitate, after having been filtered and air-dried, has a mass of 0.375 g. The limiting reactant in the salt mixture was later determined to be CaCl2 2H20 (a) How many grams of the excess reactant,
K2C204 H20, reacted in the mixture? (b) What is the percent by mass of CaCl2 2H20? (c) How many grams of the K2C204 H20 in the salt mixture remain unaffected? Solution to (a): 1) Write the balanced chemical reaction: CaCl2 + K2C204 ---> CaC204 + 2KCl 2) Determine moles of calcium oxalate that precipitated: 0.375 g/ 128.096 g/mol =
0.0029275 mol 3) Determine moles, then grams of potassium oxalate: The K2C204 : CaC204 mole ratio is 1:1 therefore, 0.0029275 mol of potassium oxalate monohydrate reacted 0.0029275 mol) (184.229 g/mol) = 0.53933 g To three sig figs, 0.539 g Solution to (b): 1) Determine moles, then grams of calcium chloride that reacted: The CaCl2 :
CaC204 mole ratio is 1:1 therefore, 0.0029275 mol of calcium chloride dihydrate reacted (0.0029275 mol) (147.0136 g/mol) = 0.43038 g To three sig figs, 0.430 g 2) Determine mass percent of calcium chloride: (0.430 g/ 0.972 g)(100) = 44.24% Solution to (c): 1) Determine total mass that reacted: 0.430 g + 0.539 g = 0.969 g 2) Determine mass of
excess reactant that remains: 0.972 g 0.969 g = 0.003 g Remember, we were given only the total mass of the mixture. Also, we know the remains of the mixture contain zero calcium chloride, since it has been determined to be the limiting reagent. Problem #16: The reaction of 15.0 g C4H90H, 22.4 g NaBr, and 32.7 g H2S04 yields 17.1 g C4H9Br in
the reaction below: C4AH90OH + NaBr + H2S0O4 ---> C4H9Br + NaHSO4 + H20 Determine: (a) the theoretical yield of C4H9Br(b) the actual percent yield of C4H9Br(c) the masses of leftover reactants, if any Solution to (a): 1) Determine the limiting reagent bewteen the first two reagents (the third reagent will be dealt with in step 2): C4AH9OH --->
15.0 g/ 74.122 g/mol = 0.202369 molNaBr ---> 22.4 g / 102.894 g/mol = 0.217700 mol C4H9OH ---> 0.202369 / 1 = NaBr ---> 0.217700 / 1 = Between these two reactants, C4AH9OH is limiting. 2) Compare C4H90H to H2S04 to determine which is limiting: C4H9OH ---> 0.202369 molH2S04 ---> 32.7 g / 98.0768 g/mol = 0.333412 mol C4H90H --->
0.202369 /1 = 0.202369H2S04 ---> 0.333412 /1 = 0.333412 Between these two reactants, CAH90OH is limiting. Overall, the above process shows that the limiting reagent for the entire reaction is CAH90H. 3) Determine theoretical yield of C4H9Br: There is a 1:1 molar ratio between C4H90H and C4H9Br. This means 0.202369 mol of C4H9Br is
produced. (0.202369 mol) (137.019 g/mol) = 27.7 g (to three sig figs) Solution to (b): (17.1 g/ 27.7 g) (100) = 61.7% Solution to (c): 1) Due to the 1:1 molar ratio: 0.202369 mol of NaBr is used up. 2) Therefore: 0.217700 0.202369 = 0.015331 mol of NaBr remains. The solution for sulfuric acid follows the same path as for NaBr. Conversion to grams is
left to the reader. Problem #17: Ozone (0O3) reacts with nitric oxide (NO) dishcarged from jet planes to form oxygen gas and nitrogen dioxide. 0.740 g of ozone reacts with 0.670 g of nitric oxide. Determine the identity and quantity of the reactant supplied in excess. Solution: 1) Wrte the balanced chemical equation: NO + O3 ---> NO2 + 02 2)
Calculate moles: NO ---> 0.670 g / 30.006 g/mol = 0.0223289 molO3 ---> 0.740 g / 47.997 g/mol = 0.0154176 mol 3) Determine limitng reagent: NO and O3 are in a 1:1 molar ratio. O3 is limiting, making NO the compound in excess 4) Determine quantity of excess reagent: Based on the 1:1 ratio, we know 0.0154176 mol of NO is used up. Therefore:
0.0223289 mol 0.0154176 mol = 0.0069113 mol of NO remaining Quantity means grams: (0.0069113 mol) (30.006 g/mol) = 0.207 g (to three significant figures) Problem #18: If 1.24 g of P4 reacts with 0.12 g of H2, to give 1.25 g of PH3, determine percent yield. Solution: 1) First, the balanced equation: 14P4 + 32H2 ---> PH3 Decided to do it with
fractions. 2) Determine moles of P4 and H2: 1.24 g/ 123.896 g/mol = 0.01001 mol0.12 g/ 2.016 g/mol = 0.059524 mol 3) Determine the limiting reagent: 0.01001 / 0.25 = 0.040040.059524 / 1.5 = 0.039683 H2, by a nose! 4) Determine moles of PH3 that can be made from 0.059524 mol of H2: The molar ratiois 1.5to 1 1.5is to 1 as 0.059524 mol is to
x x = 0.039683 mol 5) Determine mass of PH3 (this would be the 100% yield amount): (0.039683 mol) (33.9977 g/mol) = 1.35 g (to three sig figs) 6) Percent yield: (1.25/1.35) * 100 = 92.6% Problem #19: What mass of phosphorus (P4) is produced when 41.5 g of calcium phosphate, 26.5 g of silicon diioxide, and 7.80 g of carbon are reacted
according to the eqation: 2Ca3(P04)2 + 6SiO2 + 10C ---> P4 + 6CaSiO3 + 10CO Solution: 1) Calculate the moles of each reactant: Ca3(P0O4)2 ---> 41.5 g/ 310.174 g/mol = 0.133796 molSiO2 ---> 26.5 g / 60.084 g/mol = 0.44105 molcarbon ---> 7.80 g/ 12.011 g/mol = 0.649405 mol 2) We now write, for each reactant, the ratio of moles present to the
coefficient: Ca3(P0O4)2 ---> 0.133796 / 2 = 0.066898Si02 ---> 0.44105 /6 = 0.07351carbon ---> 0.649405 / 10 = 0.0649405 3) Carbon is the limiting reagent. 4) Determine moles of P4 produced: The C to P4 molar ratio is 10 to 1 10 is to 1 as 0.649405 is to x x = 0.0649405 mol of P4 5) Determine mass of P4 produced: (0.0649405 mol) (123.896 g/mo)
= 8.045868 g Following the rule for rounding with five, 8.04 g. Problem #20: 320 g of sulfur dioxide, 32 g of oxygen, and 64 g water react. (a) which reactant is the limiting reagent and (b) how much H2S04 is produced? 2502 + 02 + 2H20 ---> 2H2S04 Comment: I'm going to solve this problem by doing three mass-mass calculations using SO2, then
02, then H20.The answer that yields the smallest amount of H2SO4 will answer both (a) and (b). Solution using SO2: determine moles SO2 ---> 320 g / 64 g/mol = 5.0 mol use 1:1 molar ratio to determine 5.0 mol of H2SO4 produced determine mass of H2SO4 ---> (5.0 mol) (98 g/mol) = 490 g Solution using O2: determine moles O2 ---> 32 g/ 32 g/mol
= 1.0 mol use 1:2 molar ratio to determine 2.0 mol of H2S04 produced determine mass of H2S0O4 ---> (2.0 mol) (98 g/mol) = 196 g Solution using H20: determine moles H20 ---> 64 g/ 18 g/mol = 3.6 mol use 1:1 molar ratio to determine 3.6 mol of H2SO4 produced determine mass of H2S04 ---> (3.6 mol) (98 g/mol) = 353 g The final answer is that
02 is the limiting reagent and that 196 g of H2SO4 is produced. I copied this problem from an "answers" website. The answerer has a nice explanation on how to determine the limiting reagent. Here it is: Think of the coefficients as a "recipe" for the reaction. The "recipe" calls for 2 mol SO2, 1 mol 02, and 2 mol H20. Convert each of the given
masses into moles and find out how many "recipes" each substance can make. The substance that makes the fewest "recipes" is the limiting reagent. One "recipe" is: 2 mol SO2 = 2x64.1 g = 128 g 1 mol O2 = 32.0 g 2 mol H20 = 2 x 18.0 = 36 g Determine "recipes:" 320 g SO2 x (1 recipe / 128 g) = 2.50 recipes 32 g O2 x (1 recipe / 32.0g ) = 1.00
recipes 64 g H20 x (1 recipe / 36 g) = 1.78 recipes 32 g O2 is the limiting reagent because it makes the fewest "recipes." You would use the 32 g O2 to find the amount of H2SO4 produced. Problem #21: Consder the following reaction: C4AH9OH + NaBr + H2S0O4 ---> C4H9Br + NaHSO4 + H20 If 15.0 g of C4H90OH react with 22.4 g of NaBr and 32.7
g of H2S0O4 to yield 17.1 g of CAH9Br, what is the percent yield of this reaction? Solution: 1) The equation is balanced as written. 2) Determine moles of each reactant: C4AH9OH ---> 15.0 g / 74.122 gmol = 0.20237 molNaBr ---> 22.4 g/ 102.894 gmol = 0.2177 molH2S04 ---> 32.7 g / 98.0768 g/mol = 0.3334 mol 3) Dividing the mole amount of each
substance by the respective coefficient of the balanced equation will identify the limiting reagent since it will have the lowest value answer. All the coefficients have a value of 1, therefore it is seen that C4H90H is the limiting reagent. 4) Determine theoretical yield of C4H9Br: Since I have already calculated the moles of C4AH9OH, that is the value I
start with. 0.20237 mol C4H90H1 mol C4H9Br137.0191 g C4H9Br xx=27.7286 g C4H9Br 1 mol C4H90OH1 mol C4H9Br 5) Determine percent yield: (17.1 g /27.7286 g) * 100 = 61.7% Problem #22: Consder the following reaction: Fe + O2 ---> Fe203 Given that 50.0 g of Fe is present initially, determine the limiting reagent and the excess reagent.
Solution: The are no calculations associated with the solution to this problem. Since the amount of oxygen is not stated, the convention used in chemistry is to assume it is present in excess. This makes the iron the limiting reagent. Problem #23: Determine the limiting and excess reagents for the following reaction: Mg(OH)2 + 2HCI ---> MgCl2 +
H20 And given the following amounts: 0.0218 mole of Mg(OH)2 and 0.0436 mole of HCI Solution: 1) Assume Mg(OH)2 is limiting. How much MgCl2 is produced? 0.0218 mol Mg(OH)21 mol MgCl2 x=0.0218 mol MgCI2 1 mol Mg(OH)2 2) Assume HCI is limiting. How much MgCl2 is produced? 0.0436 mol HCI1 mol MgCl2 x=0.0218 mol MgClI2 2 mol
HCI 3) The two reactants run out simultaneously. In this case, some teachers (& textbooks) consider there to be two limiting reagents. Other teachers (& textbooks) tend to say there is not a limiting reagent. Both have a point, so the ChemTeam (when he was in the classroom) would point out this situation, say be aware of it in the future and then tell
his classes there would not be a question about this point on the test. Problem #24: Someday. Problem #25: Someday. 1) Here is how to find out the limiting reagent: take the moles of each substance and divide it by its coefficient in the balanced equation. The substance that has the smallest answer is the limiting reagent. 2) Let's say that again: to
find the limiting reagent, take the moles of each substance and divide it by its coefficient in the balanced equation. The substance that has the smallest answer is the limiting reagent. You're going to need that technique, so remember it. By the way, did you notice that I bolded the technique to find the limiting reagent? I did this so as to emphasize its
importance to you when learning how to do limiting reagent problems. 3) Resuming with the problem solution: Aluminum ---> 1.20 / 2 = 0.60Iodine ---> 2.40 / 3 = 0.80 4) The lowest number indicates the limiting reagent. Aluminum will run out first in part (a) of the question. Why? 1.20/2 means there are 0.60 "groupings" of 2 and 2.40/3 means there
are 0.80 "groupings" of 3. If they ran out at the same time, we'd need one "grouping" of each. Since there is less of the "grouping of 2," it will run out first. If you're not sure what I just said, that's OK. The technique works, so remember it and use it. 5) The second part of the question "theoretical yield" depends on finding out the limiting reagent. Once
we do that, it becomes a stoichiometric calculation. Al and All3 stand in a one-to-one molar relationship, so 1.20 mol of Al produces 1.20 mol of AlI3. Notice that the amount of 12 does not play a role, since it is in excess. Solution for part (b): 1) Since we have grams, we must first convert to moles. The we solve just as we did in part (a) just above. For
the mole calculation: Aluminum ---> 1.20 g / 26.98 g moll = 0.04477 mollodine ---> 2.4 g / 253.8 g moll = 0.009456 mol 2) To determine the limiting reagent: Aluminum ---> 0.04477 / 2 = 0.02238Iodine ---> 0.009456 / 3 = 0.003152 The lower number is iodine, so we have identified the limiting reagent. 3) Finally, we have to do a calculation and it
will involve the iodine, NOT the aluminum. I2 and AlI3 stand in a three-to-two molar relationship, so 0.009456 mol of 12 produces 0.006304 mol of AlI3. Again, notice that the amount of Al does not play a role, since it is in excess. From here figure out the grams of All3 and you have your answer. Solution for part (c): Since we have moles, we calculate
directly and then convert to grams. Al and I2 stand in a two-to-three molar relationship, so 0.009456 mol of I2 uses 0.006304 mol of Al. Convert this aluminum amount to grams and subtract it from 1.20 g and that's the answer. Just above was some discussion on a way to determine the limiting reagent in a chemistry problem. This particular thing
(determine the limiting reagent) is a real stumbling block for students. Be aware! Example #2: 15.00 g aluminum sulfide and 10.00 g water react until the limiting reagent is used up. Here is the balanced equation for the reaction: Al12S3 + 6H20 ---> 2AI(OH)3 + 3H2S (a) Which is the limiting reagent?(b) What is the maximum mass of H2S which can
be formed from these reagents?(c) How much excess reagent remains after the reaction is complete? Some comments first: The key to this problem is the limiting reagent, part (a). Once you know that, part (b) becomes "How much H2S can be made from the limiting reagent?" Part (c) becomes two connected questions: first, "How much Al2S3 is used
up when reacting with the limiting reagent?" then second, "What is 15.00 minus the amount in the first part?" Make sure you note that second part. The calculation o be performed gives you the answer to "How much reacted?" but the question is "How much remained?" Lots of students forget to do the second part (the 15 minus part) and so get
graded down. Note: I'm carrying a guard digit or two through the calculations. The final answers will appear with the proper number of significant figures. Solution for limiting reagent, part (a): 1) Determine the moles of A12S3 and H20 Aluminum sulfide ---> 15.00 g 150.158 g/mol = 0.099895 molWater ---> 10.00 g 18.015 g/mol = 0.555093 mol 2)
Divide each mole amount by equation coefficient: Aluminum sulfide ---> 0.099895 mol 1 mol = 0.099895Water --> 0.555093 mol 6 mol = 0.0925155 3) The water is the lesser amount; it is the limiting reagent. Solution for mass of H2S formed, part (b) Now that we know the limiting reagent is water, this problem becomes "How much H2S is produced
from 10.00 g of H20 and excess aluminum sulfide?" 1) Determine moles of 10.00 g of H20 Water ---> 10.00 g 18.015 g/mol = 0.555093 mol 2) Use molar ratios to determine moles of H2S produced from above amount of water. (a) the H20/H2S molar ratio is 6/3, a 2/1 ratio.(b) water is associated with the two. This means the H2S amount is one-half
the water value = 0.2775465 mol. 3) Convert moles of H2S to grams. (0.2775465 mol) (34.0809 g/mol) = 9.459 g Solution for excess reagent remaining, part (c) We will use the amount of water to calculate how much Al2S3 reacts, then subtract that amount from 15.00 g. 1) Determine moles of 10.00 g of H20Water ---> 10.00 g 18.015 g/mol =
0.555093 mol 2) Use molar ratios to determine moles of Al12S3 that reacts with the above amount of water.(a) the A12S3/H20 ratio is 1/6(b) water is associated with the 6. This means the Al12S3 amount is one-sixth the water value = 0.09251447 mol3) Convert moles of Al12S3 to grams. (0.09251447 mol) (150.158 g/mol) = 13.891943 g4) However, we
are not done. We were asked for the amount remaining and the answer just above is the amount which was used up, so the final step is:15.00 g 13.891943 g = 1.108 g Example #3: If there is 35.0 grams of C6H10 and 45.0 grams of O2, how many grams of the excess reagent will remain after the reaction ceases? 2C6H10 + 1702 ---> 12C0O2 + 10H20
Solution: 1) Convert each substance to moles: C6H10 ---> 35.0 g / 82.145 g/mol = 0.426 molO2 ---> 45.0 g / 31.998 g/mol = 1.406 mol 2) Determine the limiting reagent: C6H10 ---> 0.426 mol / 2 = 0.21302 ---> 1.406 mol / 17 = 0.083 02 is the limiting reagent. Comment: the units don't matter in this step. What we are looking for is the smallest
number after carrying out the divisions. The value of 0.083 is the important thing. Not if it has a unit attached to it or not. 3) Determine how many moles of the excess reagent is used up when the limiting reagent is fully consumed: the mole ratio we desire is 2/17 (C6H10 to 0O2) 2x = 171.406 mol x = 0.1654 mol of C6H10 consumed 4) Determine
grams of C6H10 remaining: 0.426 mol 0.1654 mol = 0.2606 mol of C6H10 remaining (0.2606 mol) (82.145 g/mol) = 21.4 g remaining (to three sig figs) Example #4: (a) What mass of A1203 can be produced from the reaction of 10.0 g of Al and 19.0 g of O3? (b) How much of the excess reagent remains unreacted? Solution to a: 1) Write balanced
chemical equation: 2Al + O3 ---> Al203 2) Convert grams to moles: Al ---> 10.0 g / 26.982 g/mol = 0.37062 molO3 ---> 19.0 g / 47.997 g/mol = 0.39586 mol 3) Determine limiting reagent: Al ---> 0.37062 /2 = 0.1853103 ---> 0.39586 / 1 = 0.39586 Al is the limiting reagent 4) Determine moles of product formed: Al to A1203 molar ratio is 2 to 1.
20.37062 mol = 1x x = 0.18531 mol 5) Determine grams of product: (0.18531 mol) (101.961 g/mol) = 18.8944 g To three sig figs, 18.9 g Solution to b: 1) Determine moles of ozone that reacted: Al to O3 molar ratio is 2 to 1 20.37062 mol = 1x x = 0.18531 mol 2) Determine moles of ozone remaining: 0.39586 mol 0.18531 mol = 0.21055 mol 3)
Determine grams of ozone remaining: (0.21055 mol) (47.997 g/mol) = 10.1 g (to three sig figs) Example #5: Based on the balanced equation: C4H8 + 602 ---> 4C0O2 + 4H20 Calculate the number of excess reagent units remaining when 28 C4H8 molecules and 228 O2 molecules react? Solution: Remember, numbers of molecules are just like moles,
so treating the 28 and 228 as moles is perfectly acceptable. This is because I could divide the 28 and the 228 by Avogadro's Number to obtain the moles. Those mole amounts could be used in the calculation below and the final answer could then be multiplied by Avogadro's Number to obtain the answer of 60. 1) Determine the limiting reagent: butane
---> 28/ 1 = 28oxygen ---> 228 / 6 = 38 Butane is the limiting reagent. 2) Determine how much oxygen reacts with 28 C4H8 molecules: the butane to oxygen molar ratio is 1:6 28 x 6 = 168 oxygen molecules react 3) Determine excess oxygen: 228 168 = 60 Here's aother way to consider this: The 38 above means that there are 38 "groupings" of six
oxygen molecules. 38 28 = 10 oxygen "groupings" remain after the butane is used up 10 x 6 = 60 Example #6: Determine the maximum mass of TiCl4 that can be obtained from 35.0 g of TiO2, 45.0 g Cl12 and 11.0 g of C. (See comment below problem.) 3TiO2 + 4C + 6Cl12 ---> 3TiCl4 + 2C0O2 + 2CO Solution: 1) Assume each reactant is the limiting
reagent. Determine the moles of product produced by each assumption: Note: the first factor in each case converts grams of each reactant to moles. The second factor uses a molar ratio from the chemical equation to convert from moles of the reactant to moles of product. There is no need to convert to grams because all three calculations yield moles
of the same compound (the TiCl4). 1 mole CI23 mole TiCl4 45.0 g Cl2xx=0.31732 mol TiCl4 70.9064 g Cl126 mol C121 mole C3 mole TiCl4 11.0 g Cxx=0.68688 mol TiCl4 12.01078 g C4 mol C1 mole TiO23 mole TiCl4 35.0 g TiO2xx=0.438235 mol TiCl4 79.8658 g TiO23 mol TiO2 Cl2 makes the least amount of TiCl4, so CI2 is the limiting reactant. 2)
The mass of TiCl4 produced is: (0.31732 mol TiCl4) (189.679 g TiCl4/mol) = 60.2 g TiCl4 (to three sig figs) Note that the "divide moles by coefficient" was not used to determine the limiting reagent. Instead, a full calculation was done and the least amount of product identified the limiting reagent. Here is what the "divide moles by coefficient" set up
looks like: Cl2 ---> 0.63464 /6 = 0.10577 C ---> 0.915844 /4 = 0.228961TiO2 ---> 0.438235 /3 = 0.14608 Example #7: Determine the starting mass of each reactant if 46.3 of K3PO4 is produced and 92.8 of H3PO4 remains unreacted. 3KOH(aq) + H3PO4(aq) ---> K3PO4(aq) + 3H20() Solution: 1) The fact that some phosphoric acid remains tells us it
is the excess reagent. Let us determine the amount of KOH (the limiting reagent) required to produce the 46.3 g of K3PO4. 46.3 g/ 212.264 g/mol = 0.2181246 mol of K3PO4 Three moles of KOH are required to produce one mole of K3PO4 (3) (0.2181246 mol) = 0.6543738 mol of KOH required (0.6543738 mol) (56.1049 g/mol) = 36.7 g (to thee sig
figs) 2) Determine the starting mass of H3PO4 0.2181246 mol of K3P0O4 requires 0.2181246 mol of H3PO4 based on the 1:1 molar ratio from the balanced equation. (0.2181246 mol) (97.9937 g/mol) = 21.4 g (to three sig figs) 21.4 + 92.8 = 114.2 g Example #8: Determine the limiting reagent of this reaction: Na2B407 + H2S04 + 5H20 ---> 4H3BO3
+ Na2S04 There are 5.00 g of each reactant. Solution: 1) Convert everything into moles, by dividing each 5.00 g by their respective molar masses: Na2B407 ---> 0.02485 molH2S04 ---> 0.05097 molH20 ---> 0.2775 mol 2) Note that there are three reactants. How is the limiting reagent determined when there are three reactants? Answer: determine
the limiting reagent between the first two: Na2B40O7 ---> 0.02485 /1 = 0.02485H2S04 ---> 0.05097 / 1 = 0.05097 Na2B40Y7 is the limiting reagent when compared to H2SO4 3) Now, compare the "winner" to the third reagent: Na2B407 ---> 0.02485 /1 = 0.02485H20 ---> 0.2775/ 5 = 0.0555 Na2B40Y7 is the limiting reagent between itself and H20.
Na2B407 is the overall limiting reagent in this problem. Example #9: How much O2 could be produced from 2.45 g of KO2 and 4.44 g of CO2? 4KO2 + 2C0O2 ---> 2K2CO3 + 302 Solution: I will do a solution assuming KO?2 is the limiting reagent, then I will do a solution assuming CO?2 is the limiting reagent. The reactant that produces the lesser
amount of oxygen is the limiting reagent and that lesser amount will be the answer to the question. 1) Solution using KO2: 2.45 g/ 71.096 g/mol = 0.03446045 mol 40.03446045 mol = 3x x = 0.02584534 mol (0.02584534 mol) (31.998 g/mol) = 0.827 g of O2 2) Solution using CO2: 4.44 g/ 44.009 g/mol = 0.10088845 mol 20.10088845 mol = 3x x =
0.151332 mol (0.151332 mol) (31.998 g/mol) = 4.84 g of O2 3) 0.827 g is the answer. Note that I could have calculated the mole amounts, used the "divide moles by coefficient" to determine the limiting reagent, and then done just one complete calculation. Example #10: (a) What mass of hydrogen peroxide should result when 1.45 g of barium
peroxide is treated with 25.5 mL of hydrochloric acid solution containing 0.0277 g of HCI per mL? (b) How much of the excess reactant is left? BaO2(s) + 2HCl(aq) ---> H202(aq) + BaCl2(aq) Solution: Calculate the amount of product using each reactant. The reactant that produces the lesser of the two amounts will tell you the limiting reactant. This
solution will use dimensional analysis (also called the unit-factor, or unit-label, method) for the proposed solution. 1) First, determine the mass of HCI that reacts: (0.0277 g/mL) (25.5 mL) = 0.70635 g 2) The barium peroxide solution: (1.45 g BaO2) (1 mol BaO2 / 169.3 g BaO2) (1 mol H202 / 1 mol Ba0O2) (34.0 g H202 / 1 mol H202) = 0.291 g H202
convert grams to moles molar ratio from equation convert moles to grams 3) The hydrochloric acid solution: (0.70635 g) (1 mol HC1/ 36.46 g HCI) (1 mol H202 / 2 mol HCI) (34.0 g H202 / 1 mol H202) = 0.332 g H202 4) Since 0.291 g is less than 0.332 g, the BaO?2 is the limiting reactant. 5) The other method to determine the limiting reagent is to
divide the moles of each reactant by their respective coefficient in the balanced equation: BaO2 ---> 1.45 g / 169.3 g/mol = 0.008565 molHCI ---> 0.70635 g / 36.46 g/mol = 0.01937 mol 0.008565 /1 = 0.0085650.01937 / 2 = 0.009685 BaO2 (the 0.008565) is the lesser amount, so it is the limiting reagent. 6) To solve part (b), we observe that 0.008565
mol of BaO2 was used. Using a 1:2 molar ratio, we can determine the amount of HCI that was used: 10.008565 mol = 2x x = 0.01713 mol of HCI used up in the reaction 7) Next, we subtract the amount used up from the total amount that was present: 0.01937 mol 0.01713 mol = 0.00224 mol of HCI remains after reaction stops 8) Convert moles to
grams: (0.00224 mol) (36.46 g/mol) = 0.0817 g (to three sig figs) Bonus Example: Consider the following reaction at 1.10 atm and 19.0 C: 2NaCl(s) + 2NH3(g) + CO2(g) + H20() ---> 2NH4Cl(aq) + Na2CO3(s) 0.218 mol of sodium chloride, 2.55 L. of ammonia, 2.00 L of carbon dioxide, and an unlimited amount of water react to form aqueous
ammonium chloride and solid sodium bicarbonate. How many moles of ammonium chloride are formed in the reaction? Comment: this question was asked and answered on a now-defunct "answers" website and the one answer given (besides mine) totally missed the point of the question. The answerer focused on the non-realistic nature of the above
chemical equation. However, the point of the question is to determine the limiting reagent and the non-realistic nature of the chemical equation is completely beside the point. Solution: 1) Use PV = nRT to determine moles of ammonia and carbon dioxide: ammonia: (1.10 atm) (2.55 L) = (n) (0.08206 L atm / mol K) (292 K) n = 0.11706 mol carbon
dioxide: (1.10 atm) (2.00 L) = (n) (0.08206 L atm / mol K) (292 K) n = 0.091814 mol 2) Determine the limiting reagent: 0.218 /2 = 0.1090.11706 / 2 = 0.058530.091814 /1 = 0.091814 Ammonia is the limiting reagent. 3) Now, the problem becomes this: 0.11706 moles of ammonia produces how many moles of ammonium chloride? The molar ratio
between ammonia and ammonium chloride is 1:1. 0.11706 moles of ammonia produces 0.117 moles of ammonium chloride (rounded off to three significant figures). And we are done. This is a set of practice problems to help master the concept of limiting reactant which is critical in calculating the amount of product that can be obtained in a chemical
reaction.Remember, if the reactants are not in stoichiometric ratio, one of them is the limiting reactant (LR), and the other is in excess.When solving problems involving a limiting reactant, keep in mind thatwe cannot look at the moles of the reactants and determine which one is the limiting reactant. The limiting reactant is the one that produces less
product and not necessarily the one that is present in fewer amounts.The correct approach is to calculate the moles of both reactants and, using molar conversions, determine which one produces less product. Check Also 1. Which statement about limiting reactant is correct?a) The limiting reactant is the one in a smaller quantity.b) The limiting
reactant is the one in greater quantity.c) The limiting reactant is the one producing less product.d) The limiting reactant is the one producing more product. 2. Find the limiting reactant for each initial amount of reactants.4NH3+ 502 4NO + 6H20a) 2 mol of NH3and 2 mol of O2b) 2 mol of NH3and 3 mol of O2c) 3 mol of NH3and 3 mol of O2d) 3 mol
of NH3and 2 mol of O2Note:This is not a multiple-choice question. Each row represents a separate question where you need to determine the limiting reactant. 3. How many g of hydrogen are leftover in producing ammonia when 14.0 g of nitrogen is reacted with 8.0 g of hydrogen?N2(g) + 3 H2(g) 2 NH3(g) 4. When 140.0 g of AgNO3 was added to
an aqueous solution of NaCl, 86.0 g of AgCl was collected as a white precipitate. Which salt was the limiting reactant in this reaction? How many grams of NaCl were present in the solution?AgNO3(aq) + NaCl(aq) AgCl(s) + NaNO3(aq) 5. How many grams of precipitate will be formed when 37.3 g KCl is reacted with 132.5 g Pb(NO3)2 according to
the following chemical equation?2 KCl(aq) + Pb(NO3)2(aq) PbCl2(s) + 2 KNO3(aq) 6. How many grams of PCl3will be produced if 130.5 g Cl2is reacted with 56.4 g P4according to the following equation?6Cl2(g) + P4(s) 4PC13(1) 7. How many grams of sulfur can be obtained if 12.6 g H2S is reacted with 14.6 g SO2 according to the following equation?
2H2S(g) + SO2(g) 3S(s) + 2H20(g) 8. The following equation represents the combustion of octane, C8H18, a component of gasoline:2C8H18(g) + 2502(g) 16C0O2(g) + 18H20(g)Will 356 g of oxygen be enough for the complete combustion of 954 g of octane? 9. Consider the reaction between MnO2 and HC1:MnO2 + 4HCI MnCl2 + CI12 + 2H20What is
the theoretical yield of MnCl2 in grams when 165 g of MnO2 is added to a solution containing 94.2 g of HC1? Share copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt remix, transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as
long as you follow the license terms. Attribution You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike If you remix, transform, or build upon the material, you must distribute your
contributions under the same license as the original. No additional restrictions You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the public domain or where your use is permitted by an applicable
exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. Mapping based Best Questions (Indian Geography)Starting Soon A limiting reagent or limiting reactant is a
substance that has been wholly consumed in a chemical reaction. Thus, the limiting reagent determines when to complete and stop a reaction. Since the limiting reagent is consumed in a reaction, no amount remains to react with another reactant. Therefore, the other reactant remains in excess and is known as the excess reagent. The amount of
products resulting from the chemical reaction is limited by the limiting reagent. Limiting reagent is important in chemistry because it tells a chemist how much product will be produced if a limited amount of reactants are used in the reaction. Limiting Reagent Example 1: Consider the reaction between hydrogen (H2) and nitrogen (N2) to form
ammonia (NH3). In this reaction, three moles of H2 react with one mole of N2 to produce two moles of NH3. The balanced chemical reaction is given as follows: 3 H2 + N2 2 NH3 This relationship among the different quantities or moles of the reactants and products is known as stoichiometry. In the above reaction, H2, N2, and NH3 are in
stoichiometric amounts. If two moles of H2 react with one mole of N2, then all N2 will not be used since there is insufficient H2 in the reaction. Therefore, hydrogen is the limiting reagent. Example 2: Consider the reaction between two moles of H2 and one mole of oxygen (O2) to give two moles of water (H20). 2 H2 + 02 2 H20 If instead, one mole
of H2 reacts with one mole of 02, the reaction will not be complete, and hydrogen becomes the limiting reagent. When two reactants mix to form products, they combine in a specific ratio determined by the reactions stoichiometry. The first step is to balance the chemical reaction. Consider the following balanced reaction: A + B Products Suppose the
quantities of A and B are known in a mass unit, such as grams. The next step is to convert grams to moles. Formula to Calculate the Number of Moles from Mass To find the concentrations of the reactants and products in moles, one has to know their quantities and molar masses. Suppose x grams of A, whose molar mass is M grams, are present in the
reaction. Then, the amount in moles n is given by: n = x/M There are two general methods to find the limiting reagent. Method 1 One trick to determine the limiting reagent is to compare the reactants molar ratio to the actual stoichiometric ratio. The reactant having fewer moles than required is the limiting reagent. Then, proceed to calculate the
amount of product produced by the reactants and the remaining excess reagent left in the reaction. Method 2 Another method of determining the limiting reagent is comparing the amounts of products formed from each reactant. An advantage of this method over the previous method is that it can be extended to many reactants. After balancing the
chemical reaction, use stoichiometry to calculate the quantities of the products produced for each separate reactant. The reactant that produces the least amount of products is the limiting reagent. The amount of the products in grams formed from the limiting reagent is defined as the theoretical yield. Example: Consider the reaction between solid
aluminum (Al) and gaseous chlorine (C12) to give sodium aluminum chloride (AlC13). The reaction is as follows: 2 Al (s) + 3 CI2 (g) 2 AICI3 (s) Suppose 3.5 grams of Al and 5.2 grams of Cl12 are present in the reaction. Determine the limiting reagent. Also, calculate the remaining amount of excess reagent and the amount of product produced. The molar
mass of Al is 27 g, and that of Cl12 is 71 g. Solution: Step 1: Calculate the number of moles of Al and Cl2. Number of moles of Al = 3.5 g/27 g = 0.13 mol. Number of moles of C12 = 5.2 g/71 g = 0.073 mol. Using Method 1 Step 2: Calculate and compare the required and actual molar ratios. Molar ratio = Number of mol. of Al/Number of mol. of CI2
Required molar ratio = 2/3 = 0.66 Actual molar ratio = 0.13/0.073 = 1.775 The actual molar ratio of Al to C12 is higher than required, which means that Al is in excess. If Al is excess, C12 must be in a limited amount. Therefore, CI2 is the limiting reagent. Using Method 2 Step 2: Calculate the amount of AICI3 produced from the given amounts of Al
and Cl2. 2 mol. of Al produces 2 mol. of AIC13 Therefore, 0.13 mol. will produce = 2/2 x 0.13 = 0.13 mol. of AlC13 3 mol. of Cl12 produces 2 mol. of AIC13 Therefore, 0.073 mol. will produce = 2/3 x 0.073 = 0.049 mol. of AICI13 Since Cl2 produces the least amount of AIC13, it is the limiting reagent. The molar mass of AlC13 is 27 + 3/2x 71 = 133.5¢g
Therefore, amount of AIC13 produced in the reaction = 0.049 x 133.5 = 6.54 g. Step 3: Calculate the remaining amount of excess reagent. Al is the excess reagent. 3 mol. of CI2 reacts with 2 mol. of Al Therefore, 0.073 mol. of CI2 reacts with 2/3 x 0.073 = 0.049 mol. of Al Amount of Al present = 0.13 mol. Therefore, remaining amount of Al = 0.13
0.049 = 0.081 mol. Remaining amount of Al in gram = 0.081 x 27 = 2.2 g P.1. Consider the following reaction: 2 Na + CI2 2 NaCl 3.5 g of sodium (Na) metal is transferred to a 4L flask filled with chlorine (C12) gas at STP. Determine the limiting reagent and the remaining amount of excess reactant present if the molar mass of Na is 23 g, the molar
mass of Cl2 is 71 g, and the molar volume of CI2 is 22.4 L. Solution. Step 1: Determine the number of moles. Number of mol. of Na = 3.5/23 = 0.152 mol. Number of mol. of Cl12 = 4/22.4 = 0.179 mol. Step 2: Using method 1 to calculate the molar ratios. Molar ratio = No. of mol. of Na/No. of mol. of C12 Required molar ratio: 2/1 = 2 Actual molar ratio:
0.152/0.179 = 0.85 The actual molar ratio is less than required, which means that Na is the limiting reagent. Step 3: Determine the remaining amount of excess reagent. The excess reagent is Cl2. 2 mol. of Na react with 1 mol. of Cl12 Therefore, 0.152 mol. of Na react with = x 0.152 = 0.076 mol. of C12 Amount of Cl2 present in the reaction = 0.179
mol. Therefore, remaining amount of C12 = 0.179 0.076 = 0.103 mol. Remaining amount of CI2 in L. = 0.103 x 22.4 = 2.3 L. P.2. Identify the limiting reactant if 4.45 moles of sodium (Na) react with 3.75 moles of oxygen (02) in the following equation: 4 Na + O2 2 Na20 Also, find the remaining amount of excess reagent and the amount of product
produced. Solution. Step 1: Find the limiting reagent using method 2. 4 mol. of Na produces 2 mol. of Na20 Therefore, 4.45 mol. of Na produces 2/4 x 4.45 = 2.23 mol. of Na20 1 mol. of O2 produces 2 mol. Na20 Therefore, 3.75 mol. of O2 produces 2/1 x 3.75 = 7.5 mol. of Na20 In the above reaction, Na produces less amount of Na20 than O2.
Therefore, Na is the limiting reagent. The amount of Na20 produced in this reaction is 2.23 mol. Step 2: Calculate the remaining amount of excess reagent. O2 is the excess reagent. 4 mol. of Na react with 1 mol. of O2 Therefore, 4.45 mol. of Na react with x 4.45 = 1.11 mol. of O2 Hence, the remaining amount of 02 is 3.75 1.11 = 2.64 mol.
References Chem.libretexts.orgCsun.eduUah.eduJove.comColorado.edu Problem #1: For the combustion of sucrose: C12H22011 + 1202 ---> 12C02 + 11H2O0 there are 10.0 g of sucrose and 10.0 g of oxygen reacting. Which is the limiting reagent? Solution path #1: 1) Calculate moles of sucrose: 10.0 g / 342.2948 g/mol = 0.0292146 mol 2) Calculate
moles of oxygen required to react with moles of sucrose: From the coefficients, we see that 12 moles of oxygen are require for every one mole of sucrose. Therefore: 0.0292146 mol times 12 = 0.3505752 mole of oxygen required 3) Determine limiting reagent: Oxygen on hand 10.0 g / 31.9988 g/mol = 0.3125 mol Since the oxygen required is greater
than that on hand, it will run out before the sucrose. Oxygen is the limiting reagent. Solution path #2: 1) Calculate moles: sucrose 0.0292146 moloxygen 0.3125 mol 2) Divide by coefficients of balanced equation: sucrose 0.0292146 mol / 1 mol = 0.02921460xygen 0.3125 mol / 12 mol = 0.02604 Oxygen is the lower value. It is the limiting reagent. The
second method above will be the preferred method to determine the limiting reagent in the following problems. Problem #2: Calculate the number of NaBr formula units formed when 50 NBr3 molecules and 57 NaOH formula units react? 2NBr3 + 3NaOH ---> N2 + 3NaBr + 3HOBr Solution: Comment: we can treat numbers of molecules or formula
units in the exact same manner as we would use moles. Keep in mind that the meaning of one mole is that 6.022 x 1023 of that entity (be it molecules or formula units) is present. 1) Determine limiting reagent: NBr3 50 "moles" / 2 = 25NaOH 57 "moles" / 3 = 19 NaOH is the Imiting reagent. Note that there need be no conversion from grams to moles.
Discussions of numbers of molecules uses numbers that are directly proportional to the number of moles and do not need to be converted. 2) Use NaOH : NaBr molar ratio: 3 is to 3 as 57 is to x x = 57 "moles" Correctly phrased, the answer is 57 formula units. Comment: when I was in the classroom, teaching the technique for determining the limiting
reagent, I would warn against using the results of the division, in this case the 19 for the NaOH, in the next step of the calculation. The 19 is good only for determining the limiting reagent. You need to use the 57 in the next step. Well, what did I do? You know it's coming . . .. Yep, I used the 19 when I should have used the 57. It stayed that way for
several years, undetected until August 2013, when a student caught it. Thanks, T. Problem #3: Aluminum reacts with chlorine gas to form aluminum chloride via the following reaction: 2Al + 3Cl12 ---> 2AIC13 How many grams of aluminum chloride could be produced from 34.0 g of aluminum and 39.0 g of chlorine gas? Solution: 1) Determine the
limiting reagent: Al 34.0 g / 26.98 g/mol = 1.2602 molCl12 39.0 g / 70.906 g/mol = 0.5500 mol Al 1.2602 mol / 2 = CI2 0.5500 mol / 3 = Seems pretty obvious that chlorine gas is the limiting reagent. In a situation like this, you don't have to finish the problem unless it's on a test and the teachers wants it finished! 2) Use CI2 : AIC13 molar ratio: 3 is to 2
as 0.5500 mol is to x x = 0.3667 mol of AlIC13 produced 3) Convert to grams: 0.3667 mol times 133.341 g/mol = 48.9 g (to three sig fig) Why don't you determine the mass of aluminum that remains after the reaction ceases by using the proper molar ratio? By the way, you could have done it this way: 48.9 g minus 39.0 g = 9.9 g of Al reacted 34.0 g
minus 9.9 g = 24.1 g It only works this second way if you have mass data on every substance in the reaction. Look back at the first problem in this file and you'll see you can't do it using this second way because you don't know anything about the mass of carbon dioxide produced. In that problem, you have to use the molar ratio way. Problem #4:
Interpret reactions in terms of representative particles, then write balanced chemical equations and compare with your results. Determine limiting and excess reagent and the amount of unreacted excess reactant. a) 3 atoms of carbon combine with 4 molecules of hydrogen to produce methane (CH4) b) 7 molecules of hydrogen and 2 molecules of
nitrogen gases react to produce ammonia c) 4 molecules of hydrogen and 5 molecules of chlorine react. Solution to a: 1) The balanced equation: C + 2H2 ---> CH4 2) Write the carbon-hydrogen molar ratio: 1:2 Remember that this ratio can also be understood in terms of atoms and molecules. Thusly: one atoms of carbon reacts with two molecules of
hydrogen 3) Determine limiting reagent: carbon 3/1 = 3hydrogen 4/2 = 2 Hydrogen is the limiting reagent. 4) Determine amount of carbon consumed: 1 is to 2 as x is to 4 x = 2 5) Determine remaining amount of carbon, the excess reagent: 3 2 = 1 atom of carbon remaining Answers to b: N2 + 3H2 ---> 2NH3 The molar ratio of importance is nitrogen
to hydrogen. It is 1:3. Nitrogen is the limiting reagent. One molecule of hydrogen remains. Answers to c: H2 + Cl2 ---> 2HCI 1:1. Chlorine in excess by one molecule. Problem #5: Suppose 316.0 g aluminum sulfide reacts with 493.0 g of water. What mass of the excess reactant remains? The unbalanced equation is: A12S3 + H20 ---> Al(OH)3 + H2S
Solution: 1) Balance the equation: Al12S3 + 6H20 ---> 2A1(OH)3 + 3H2S 2) Determine moles, then limiting reagent: Al12S3 316.0 g/ 150.159 g/mol = 2.104436 molH20 493.0 g/ 18.015 g/mol = 27.366 mol Al2S3 2.104436 /1 = 2.104436H20 27.366 / 6 = 4.561 Al2S3 is the limiting reagent. 3) Determine grams of water that react: The molar ratio to
use is 1:6 1 is to 6 as 2.104436 mol is to x x = 12.626616 mol of water used 12.626616 mol times 18.105 g/mol = 227.4685 g 4) Determine excess: 493.0 g minus 227.46848724 = 265.5 g (to 4 sig figs) Notice how the question only asks about the excess reagent, but you have to go through the entire set of steps (determine moles, determine limiting
reagent, use molar ratio) to get to the answer. Tricky! Problem #6: In this reaction: CaCO3 + 2HCI ---> CaCl2 + CO2 + H20 6.088 g CaCO3 reacted with 2.852 g HCl. What mass of CaCO3 remains unreacted? Solution: 1) Let's verify that the HCI is limiting: CaCO3 6.088 g/ 100.086 g/mol = 0.0608277 molHCI 2.852 g / 36.461 g/mol = 0.0782206 mol
By inspection, we see that HCI is the limiting reagent. (Mentally divide both values by their respective coefficient from the equation to see this.) Wouldn't that have been cute if you just assumed the HCI was limiting and the question writer made it a bit of a trick question by making the calcium carbonate limiting? 2) Determine moles, then grams of
calcium carbonate used: 1 is to 2 as x is to 0.0782206 mol x = 0.0391103 mol 0.0391103 mol times 100.086 g/mol = 3.914 g 3) Determine grams of CaCO3 remaining: 6.088 g minus 3.914 g = 2.174 g Problem #7: How many grams of PF5 can be formed from 9.46 g of PF3 and 9.42 g of XeF4 in the following reaction? 2PF3 + XeF4 ---> 2PF5 + Xe
Solution: 1) Determine moles: PF3 9.46 g / 87.968 g/mol = 0.10754 molXeF4 9.42 g / 207.282 g/mol = 0.045445 mol 2) Determine limiting reagent: PF3 0.10754 / 2 = 0.05377XeF4 0.045445 / 1 = 0.045445 XeF4 is limiting 2) Use XeF4 : PF5 molar ratio: 1 is to 2 as 0.045445 mol is to x x = 0.090890 mol of PF5 produced 3) Determine grams of PFb5:
0.090890 mol times 125.964 g/mol = 11.45 g Problem #8: How many grams of IF5 would be produced using 44.01 grams of 1205 and 101.0 grams of BrF3? 61205 + 20BrF3 ---> 12IF5 + 1502 + 10Br2 Solution: 1) Determine moles: 1205 44.01 g / 333.795 g/mol = 0.1318474 molBrF3 101.0 g / 136.898 g/mol = 0.7377756 mol 2) Determine limiting
reagent: 1205 0.1318474 / 6 = 0.02197457BrF3 0.7377756 / 20 = 0.03688878 1205 is limiting. 2) Use 1205 : IF5 molar ratio: The ratio is 6 to 12, so I'll use 1 to 2 1 is to 2 as 0.1318474 mol is to x x = 0.2636948 mol of IF5 produced 3) Convert moles to grams: 0.2636948 mol times 221.89 g/mol = 58.51 g (to 4 sig figs) Problem #9: 950.0 grams of
copper(Il) sulfate are reacted with 460.0 grams of zinc metal. (a) What is the theoretical yield of Cu? (b) If 295.8 grams of copper are actually obtained from this reaction, what is the percent yield? Solution to a: 1) The balanced chemical equation is: CuS0O4 + Zn ---> ZnS0O4 + Cu 2) Determine limiting reagent: CuS0O4 950.0 g / 159.607 g/mol =
5.95212 molZn 460.0 g / 65.38 g/mol = 7.03579 mol CuS0O4 is limiting. The coefficients of Zn and CuSO4 are both one, so I just eliminted the whole 'divide by 1' thing. 3) Determine moles, then grams of Cu: 5.95212 mol of Cu is produced (due to the 1 : 1 molar ratio involved) 5.95212 mol times 63.546 g/mol = 378.2 g Solution to b: Percent yield is:
295.8 g/ 378.2 g = 78.21 % Problem #10: What weight of each substance is present after 0.4500 g of P4010 and 1.5000 g of PC15 are reacted completely? P4010 + 6PCl5 ---> 10POCI13 Solution: 1) Determine moles: P4010 0.4500 g / 283.886 g/mol = 0.00158514 molPCl5 1.5000 / 208.239 g/mol = 0.00720326 mol 2) Determine limiting reagent:
P4010 0.00158514 /1 = 0.00158514PCI5 0.00720326 / 6 = 0.00120054 PCI5 is limiting. 2) Determine mass of P4010 remaining: Use 1 : 6 molar ratio. 1 is to 6 as x is to 0.00720326 mol x = 0.00120054 mol of P4010 remaining 0.00158514 mol minus 0.00120054 mol = 0.0003846 mol 0.0003846 mol times 283.886 g/mol = 0.1092 g 3) Determine
mass of POCI3 produced: Use 6 : 10 molar ratio (or, if you prefer, use 3 : 5). 3is to 5 as 0.00720326 mol is to x x = 0.01200543 mol of POCI3 produced 0.01200543 mol times 153.332 g/mol = 1.8408 g Since PCIl5 is limiting, zero grams of it will remain. Bonus Problem: A 20.0 L reaction vessel is charged with 0.893 atm of Xe and 1.37 atm of F2. The
two react at 400. C. Assuming 100% yield, how many grams of xenon tetrafluoride is produced? Solution: 1) Write the balanced chemical equation: Xe(g) + 2F2(g) ---> XeF4(g) 2) The limiting reagent must first be determined. This will be done by (a) determining how much XeF4 is produced assuming Xe is the limiting reagent, then (b) determining
how much XeF4 is produced assuming F2 is the limiting reagent, then (c) comparing those two answers. 3) Start with Xe and determine how many moles of Xe are present: PV = nRT (0.893 atm) (20.0 L) = (n) (0.08206 L atm moll K1) (673 K) n = 0.323396 mol Xe 4) Use a ratio and proportion to determine moles of XeF4 produced: 1 mol Xe0.323396
mol Xe = 1 mol XeF4x x = 0.323396 mol XeF4 5) The same technique will be used with F2 acting as the limiting reagent: (1.37 atm) (20.0 L) = (n) (0.08206 L atm mol1 K1) (673 K) n = 0.49614 mol F2 2 mol F20.49614 mol F2 = 1 mol XeF4x x = 0.248085 mol XeF4 6) Fluorine being shown to be the limiting reagent, means that 0.248085 mol XeF4 is
produced. Convert that amount to grams for the final answer: (0.248085 mol) (207.2836 g/mol) = 51.4 g XeF4 produced The limiting reactant is the one used up first, stopping more product from forming in the reaction.In this reaction, sodium hydroxide is the limiting reactant, allowing formation of 48.64 grams of product.After the reaction, 1.72
grams of phosphoric acid remain because it was in excess. A balanced chemical equation shows the molar amounts of reactants that will react together to produce molar amounts of products. In the real world, reactants are rarely brought together with the exact amount needed. One reactant will be completely used up before the others. The reactant
used up first is known as the limiting reactant. The other reactants are partially consumed where the remaining amount is considered "in excess". This example problem demonstrates a method to determine the limiting reactant of a chemical reaction. Sodium hydroxide (NaOH) reacts with phosphoric acid (H3P0O4) to form sodium phosphate
(Na3P0O4) and water (H20) by the reaction: 3 NaOH(aq) + H3PO4(aq) Na3PO4(aq) + 3 H20(]) If 35.60 grams of NaOH is reacted with 30.80 grams of H3PO4, a. How many grams of Na3PO4 are formed?b. What is the limiting reactant?c. How many grams of the excess reactant remains when the reaction is complete? Useful information:Molar mass of
NaOH = 40.00 gramsMolar mass of H3PO4 = 98.00 gramsMolar mass of Na3PO4 = 163.94 grams To determine the limiting reactant, calculate the amount of product formed by each reactant. The reactant the produces the least amount of product is the limiting reactant. To determine the number of grams of Na3P0O4 formed: grams Na3P0O4 =
(grams reactant) x (mole of reactant/molar mass of reactant) x (mole ratio: product/reactant) x (molar mass of product/mole product) Amount of Na3P0O4 formed from 35.60 grams of NaOH grams Na3P0O4 = (35.60 g NaOH) x (1 mol NaOH/40.00 g NaOH) x (1 mol Na3P0O4/3 mol NaOH) x (163.94 g Na3P0O4/1 mol Na3PO4)grams of Na3PO4 = 48.64
grams Amount of Na3P0O4 formed from 30.80 grams of H3PO4 grams Na3P0O4 = (30.80 g H3P0O4) x (1 mol H3P04/98.00 grams H3P0O4) x (1 mol Na3P0O4/1 mol H3P0O4) x (163.94 g Na3P04/1 mol Na3P0O4)grams Na3P0O4 = 51.52 grams The sodium hydroxide formed less product than the phosphoric acid. This means the sodium hydroxide was the
limiting reactant and 48.64 grams of sodium phosphate is formed. To determine the amount of excess reactant remaining, the amount used is needed.grams of reactant used = (grams of product formed) x (1 mol of product/molar mass of product) x (mole ratio of reactant/product) x (molar mass of reactant)grams of H3PO4 used = (48.64 grams
Na3P04) x (1 mol Na3P04/163.94 g Na3P04) x (1 mol H3P0O4/1 mol Na3P04) x (98 g H3P0O4/1 mol)grams of H3P0O4 used = 29.08 grams This number can be used to determine the remaining amount of excess reactant. Grams H3PO4 remaining = initial grams H3PO4 - grams H3P0O4 usedgrams H3PO4 remaining = 30.80 grams - 29.08 gramsgrams
H3PO4 remaining = 1.72 grams When 35.60 grams of NaOH is reacted with 30.80 grams of H3PO4, a. 48.64 grams of Na3PO4 are formed.b. NaOH was the limiting reactant.c. 1.72 grams of H3PO4 remain at completion.Tutorials & Problem Sets Calculator-online.net is your ultimate destination for a wide range of free online calculators. These tools
include Al tools, health, finance, statistics, maths, physics, and chemistry. Everyone deserves instant and free access to reliable calculations. Our mission is to provide accurate and up-to-date results to tackle challenges with precision. Why does Calculator Online strive to be a one-stop destination? The team of online calculators continues to update,
and new tools are being added regularly. Whether you are tackling basic maths problems or delving into more complex equations, this platform is designed to streamline your mathematical endeavours. Every tool developed by the Calculator Online is designed for accurate results, showing our strong commitment to your satisfaction. If you feel any
inconvenience regarding these online calculators, feel free to Contact Us. Increase your mathematical productivity with the Calculator Online, your best companion in mathematics. The limiting reactant calculator works to calculate the limiting reactant in a chemical reaction. It balances the chemical equation and shows the reactants and products
along with their coefficients. Then, by adding values of reactants, itidentifies the limiting reagent that is completely consumed and the maximum amount of product that can be formed based on the limitations. What Is A Limiting Reactant? In a chemical reaction, the limiting reactant is the reactant that gets completely consumed, limiting the amount
of final product (also called yield) that can be formed. The limiting reactant can be determined with the help of the stoichiometry of the balanced chemical equation. A stoichiometry refers to the balanced chemical equation that indicates the relative ratios of reactants required to react completely and to form the product. How To Find Limiting
Reactant? 1. Balance The Chemical Equation: It is necessary to have a balanced chemical equation for the reaction. A balanced equation contains the reactants (starting materials) on the left side and the products (formed substances) on the right side, with coefficients showing their quantities. You must balance your chemical reaction to highlight the
limiting reactant before going further. For example, in an equation like: H2 + O2 =H20 Balanced Equation: 2 H2 + 02 -> 2 H20 2. Identify Mole Ratios: The coefficients in the balance equation represent the mole ratios of reactants and the products that are formed. In the above example, the mole ratio of H2 to O2 is 2:1, meaning 2 moles of H2 react
with 1 mole of O2 to form 2 moles of H20. 3. Convert Quantities (to moles): If you have information about the initial amounts of reactants (mass, volume), you can convert them to moles using their molar masses or molar volumes (for gases). This allows you to compare them directly using mole ratios. 4. Compare Reactant Quantities (or Mole Ratios):
Without Initial Quantities: Compare the mole ratios, the reactant that has the smallest ratio is called the limiting reactant With Initial Quantities: Divide the amount (in moles) of each reactant by its mole ratio from the balanced equation. The reactant that has the smallest result after division is the limiting reactant Example: Let's suppose, you react
propane (C3H8) and oxygen (02) to produce carbon dioxide (CO2) and water (H20), given 5 moles of propane and 8 moles of oxygen. Now find the limiting reactant and the amount of CO2 produced. Solution: Step #1: Balanced Chemical Equation The balanced chemical equation for this reaction is: C3H8 + 502 -> 3C0O2 + 4H20 It shows that 1 mole
of Propane (C3H8) reacts with 5 moles of Oxygen (O2) to produce 3 moles of Carbon Dioxide (CO2) and 4 moles of Water (H20). Step #2: Mole Ratios Propane (C3H8) to Oxygen (02) = 1:5 (1 mole C3HS8 reacts with 5 moles O2) Propane (C3HS8) to Carbon Dioxide (CO2) = 1:3 (1 mole C3HS8 produces 3 moles CO2) Step #3: Convert Quantities to Moles
We are given the initial quantities of the reactants in moles: Propane (C3HS8): 5 moles Oxygen (02): 8 moles Step #4: Compare Reactant Quantities Divide the initial moles of each reactant by its corresponding mole ratios: Propane (C3H8): Moles (ratio to O2) Propane (C3H8): 5 1 Propane (C3H8) = 5 moles Oxygen (02): Moles (ratio to C3H8) Oxygen
(02): 8 5 Oxygen (02) = 1.6 moles Analyze The Results: If all the Propane (4 moles) is used based on its mole ratio, it will require 5 moles x 5 (ratio) = 25 moles of Oxygen. But we only have 8 moles of Oxygen which will be used up before all the Propane reacts. Limiting Reagant = Oxygen (0O2) Apart from these steps, the limiting reactant finding
process can be automated with the use of our limiting reactant calculator. Why Limiting Reactants Important? Predicting Product Yield: By identifying the limiting reactant, you can calculate the theoretical yield, which is the maximum amount of product that can be formed based on the available limiting reactant. It is very useful in planning
experiments and optimizing processes Optimizing Reactions: Knowing the limiting reactant allows you to use your starting materials more efficiently. You can adjust the initial quantities of reactants to minimize waste and maximize the desired product Understanding Reaction Stoichiometry: Limiting reactants helps you bridge the gap between the
balanced chemical equation (theoretical) and a real-world reaction (practical). For instance, you have a specific amount of ingredients. Now with the help of limiting reactant, you can understand how many cookies you can bake even when you have an excess amount of some ingredients Environmental Chemistry: The limiting reactants help assess
what limits the breakdown of pollutants in the environment. This knowledge is used to design strategies for remediation, like adding the missing element to accelerate the breakdown of a pollutant FAQs: Can There Be A Limiting Reagent If Only One Reactant Is Involved In The Reaction? No, there cant be a limiting reagent if only one reactant is
involved in the chemical reaction. The limiting reactant is the situation where multiple reactants are involved in a reaction. What Is The Limiting Reactant Used To Calculate? The limiting reactant is used to find the amount of product that can be obtained from a reaction in which reactants are involved in a specific quantity. Is Limiting Reactant
Always The Same For Given Chemical Reaction? Yes, for a specific reaction where the initial reactants are given, the limiting reactant will remain the same. You can use the limiting reagent calculator to analyze the reaction by identifying the limiting reactant. References: From the source of Wikipedia: Limiting reagents, Comparison, Comparison of
product amounts. From the source of Khan Academy: Limiting reactant, Reaction yields, Stoichiometry. From the source of Lumen Learning: Limiting Reagents, Chemical Reactions.



Limiting reactant problem example. Limiting reactant problems. Limiting reactant practice problem. Limiting reactant examples.



