Mole-Mass Problems



The solution procedure used below involves making two ratios and setting them equal to each other. This is called a proportion. One ratio will come from the coefficients of the balanced equation and the other will be constructed from the problem. The ratio set up from data in the problem will almost always be the one with an unknown in it.

You will then cross-multiply and divide to get the answer.

However, there is one addition to the above technique. One of the values will need to be expressed in moles. This could be either a reactant or a product. In either case, moles will have to be converted to grams or the reverse.

Suppose you are given a mass in the problem. You will need to convert this to moles FIRST. You do this by dividing the mass given by the molar mass of the substances. This technique is covered in the mole section of the ChemTeam. Click this link to go to the proper mole file for review.
Suppose you are asked for a mass as an answer. You will convert the moles you calculated in the proportion to grams. You do this by multiplying the moles by the molar mass of the substance. This technique is covered in the mole section of the ChemTeam. Click this link to go to the proper mole file for review.


Here is the first equation we'll use: 

2 KClO3 ---> 2 KCl + 3 O2 

Problem #1: 1.50 mol of KClO3 decomposes. How many grams of O2 will be produced? 

Let's use this ratio to set up the proportion: [image: image1.png]KCI03





That means the ratio from the equation is: [image: image2.png]



The ratio from the data in the problem will be: [image: image3.png]



The proportion (setting the two ratios equal) is: [image: image4.png]



Cross-multiplying and dividing gives x = 2.25 mol of O2 produced.

2.25 mol x 32.0 g/mol = 72.0 grams. The 32.0 g/mol is the molar mass of O2.



Example #2 - If 80.0 grams of O2 was produced, how many moles of KClO3 decomposed?

Let's use this ratio to set up the proportion: [image: image5.png]KCl0g





That means the ratio from the equation is: [image: image6.png]



The ratio from the data in the problem will be: [image: image7.png]



The 2.50 mole came from 80.0 g ÷ 32.0 g/mol. The 32.0 g/mol is the molar mass of O2. Be careful to keep in mind that oxygen is O2, not just O.

The proportion (setting the two ratios equal) is: [image: image8.png]



Solving by cross-multiplying and dividing gives x = 1.67 mol of KClO3 decomposed.



Example #3 - We want to produce 2.75 mol of KCl. How many grams of KClO3 would be required?

Let's use this ratio to set up the proportion: [image: image9.png]KCl
KCl0g





That means the ratio from the equation is: [image: image10.png]



The ratio from the data in the problem will be: [image: image11.png]



The proportion (setting the two ratios equal) is: [image: image12.png]



Hopefully, it's pretty easy to see that 2.75 mol of KClO3 are needed. However, the question wants grams for an answer.

2.75 mol times 122.55 g/mol = 337 grams completes the task. The 122.55 g/mol is the molar mass of KClO3.



Practice Problems

Here's the equation to use for all three problems:

2 H2 + O2 ---> 2 H2O

1) How many grams of H2O are produced when 2.50 moles of oxygen are used?

2) If 3.00 moles of H2O are produced, how many grams of oxygen must be consumed?

3) How many grams of hydrogen gas must be used, given the data in problem two?

Mass-Mass Problems



This is the most common type of stoichiometric problem in high school.

There are four steps involved in solving these problems:

1. Make sure you are working with a properly balanced equation. 

2. Convert grams of the substance given in the problem to moles. 

3. Construct two ratios - one from the problem and one from the equation and set them equal. Solve for "x," which is usually found in the ratio from the problem. 

4. Convert moles of the substanced just solved for into grams. 

Comments

1. Double check the equation. The ChemTeam has seen lots of students go right ahead and solve using the unbalanced equation supplied in the problem (or test question for that matter). 

2. DON'T use the same molar mass in steps two and four. Your teacher is aware of this and, on a multiple choice test, will provide the answer arrived at by making this mistake. You have been warned! 

3. Don't multiply the molar mass of a substance by the coefficient in the problem BEFORE using it in one of the steps above. For example, if the formula says 2 H2O, DON'T use 36.0 g/mol, use 18.0 g/mol. 

4. Don't round off until the very last answer. In other words, don't clear your calculator after step two and write down a value of 3 or 4 significant figures to use in the next step. Round off only once after all calculations are done. 

With regard to that last comment, if you can use a spreadsheet, you may wish to investigate how to set up a simple formula to solve the problem for you when you put in the proper values.



STOP!!!

Go back to the start of this file and re-read it. Notice that I give four steps (and some advice) in how to solve the example problems just below. My advice is to keep going back to those steps as you examine the samples below. 



Here is a 4K GIF of the steps involved in solving mass-mass problems. It is offered without comment.
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As you can see, the bottom portion includes mass-volume problems. These type problems are not discussed in this file, but in another.



Each of the example problems below has an associated image which lays out the solution. Reading from left to right, the top row gives:

1. the molar ratio used in the problem's solution.
2. the coversion of the grams given in the problem to moles. 

The second row gives:

3. the molar proportion used to convert from moles of the given to moles of the unknown.
4. the conversion of moles of the unknown back to grams. 
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Example #1 - How many grams of chlorine can be liberated from the decomposition of 64.0 g. of AuCl3 by this reaction: 2 AuCl3 ---> 2 Au + 3 Cl2
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One question I often get is "Where did the value of 303.32 come from?" Answer - it's the molar mass of AuCl3. Keep this answer in mind as you wonder about where other numbers come from in a given solution. 

You might also want to consider looking at the solution to the problem and try to fit it to the list of steps given above. I know what I am suggesting is horrible and very mean, but then, I'm a teacher. What the heck do I know? 



Example #2 - Calculate the mass of AgCl that can be prepared from 200. g of AlCl3 and sufficient AgNO3, using this equation: 3 AgNO3 + AlCl3 --> 3 AgCl + Al(NO3)3
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Example #3 - Given this equation: 2 KI + Pb(NO3)2 --> PbI2 + 2 KNO3 calculate mass of PbI2 produced by reacting of 30.0 g KI with excess Pb(NO3)2
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Example #4 - How many grams of AuCl3 can be made from 100.0 grams of chlorine by this reaction: 2 Au + 3 Cl2 ---> 2 AuCl3
[image: image18.png]100.0
AuCly _2Y8 41l
Cly 70906 gfmol
% 2| 094molx30332 g/mol = 2855
14l1mal 3





Example #5 - How many grams of Na are required to react completely with 75.0 grams of chlorine using this reaction: 2 Na + Cl2 ---> 2 NaCl
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Problems---

3. Given the following equation: 2 K + Cl2 ---> 2 KCl

How many grams of KCl is produced from 2.50 g of K and excess Cl2. From 1.00 g of Cl2 and excess K?

4. Given the following equation: Na2O + H2O ---> 2 NaOH

How many grams of NaOH is produced from 1.20 x 102 grams of Na2O? How many grams of Na2O are required to produce 1.60 x 102 grams of NaOH?

5. Given the following equation: 8 Fe + S8 ---> 8 FeS

What mass of iron is needed to react with 16.0 grams of sulfur? How many grams of FeS are produced?

6. Given the following equation: 2 NaClO3 ---> 2 NaCl + 3 O2
12.00 moles of NaClO3 will produce how many grams of O2? How many grams of NaCl are produced when 80.0 grams of O2 are produced?

7. Given the following equation: Cu + 2 AgNO3 ---> Cu(NO3)2 + 2 Ag

If 89.5 grams of Ag were produced, how many grams of Cu reacted?

8. Molten iron and carbon monoxide are produced in a blast furnace by the reaction of iron(III) oxide and coke (pure carbon). If 25.0 kilograms of pure Fe2O3 is used, how many kilograms of iron can be produced? The reaction is: Fe2O3 + 3 C ---> 2 Fe + 3 CO

9. The average human requires 120.0 grams of glucose (C6H12O6) per day. How many grams of CO2 (in the photosynthesis reaction) are required for this amount of glucose? The photosynthetic reaction is: 6 CO2 + 6 H2O ---> C6H12O6 + 6 O2
STP GAS AND MASS STOICHIOMETRY PROBLEMS 

All of the problems below are stoichiometry problems with at least one equation participant as a gas at STP. (a) Write and balance the chemical equation. (2) Do the math in DA style using 1 mole gas at STP = 22.4 liters as a factor. In the following problems ALL GASES ARE AT STP. 

1. How many moles of nitrogen gas is needed to react with 44.8 liters of hydrogen gas to produce ammonia gas? 

2. How many liters of ammonia are produced when 89.6 liters of hydrogen are used in the above reaction? 

3. Ten grams of calcium carbonate was produced when carbon dioxide was added to lime water (calcium hydroxide in solution). What volume of carbon dioxide at STP was needed? 

4. When 11.2 liters of hydrogen gas is made by adding zinc to sulfuric acid, what mass of zinc is needed? 

5. What volume of ammonia at STP is needed to add to water to produce 11 moles of ammonia water? 

6. How many grams of carbonic acid is produced when 55 liters of carbon dioxide is pressed into water? 

7. magnesium hydroxide + ammonium sulfate [image: image20.png]


magnesium sulfate + water + ammonia

How much (grams) magnesium hydroxide do you need to use in the above reaction to produce 500 liters of ammonia?

8. How much strontium bromide is needed to add to chlorine gas to produce 75 liters of bromine?

9. What mass of ammonium chlorate is needed to decompose to give off 200 liters of oxygen?

10. Your car burns mostly octane, C8H18, as a fuel. How many liters of oxygen is needed to burn a kilogram of octane?

11. copper + sulfuric acid [image: image21.png]


copper II sulfate + water + sulfur dioxide

How many moles of copper are needed to produce 1000 L of SO2?

12. What volume of oxygen is needed to burn a pound of magnesium?

13. How many grams of sodium do you have to put into water to make 30 liters of hydrogen at STP?

14. ammonia gas and hydrogen chloride gas combine to make ammonium chloride. What volume of ammonia at STP is needed to react with 47.7 liters of hydrogen chloride at STP?

15. How many liters of oxygen are needed to burn 10 liters of acetylene(C2H2)?

PROBLEMS ON CONCENTRATION AND DENSITY 
WRITE AND BALANCE THE CHEMICAL EQUATION FOR THOSE PROBLEMS THAT NEED IT. SHOW ALL YOUR WORK. USE BRIDGE METHOD.

2. The lab technician at the Planter's Peanut packing factory takes a bag of peanuts, puts water into it to dissolve the salt, and dilutes the solution to one liter. She then takes ten ml of that solution and titrates it against 0.132 M silver nitrate. One bag sample takes 31.5 ml of silver nitrate to endpoint. What mass of salt was in the bag? 

3. What is the concentration of sugar (C12H22O11) if twenty grams are dissolved in enough water to make 2 liters?

7. What volume of 0.27 M sodium hydroxide is needed to react with 29.5 ml of 0.55 M phosphoric acid?

8. What volume of carbon dioxide is produced at 1 atm and 87 °C when 1.6 liters of methyl alcohol burns? 

10. Water and calcium oxide produce calcium hydroxide. How many grams of calcium hydroxide are made if you add 275 kilograms of water to enough calcium oxide? 

11. Gasoline (C7H16) has a density of 0.685 kg/liter. How many liters of oxygen at 37 °C and 950 mmHg are needed to burn 15 liters of gasoline? 

12. Sodium hydroxide and hydrochloric acid combine to make table salt and water. 14 mL of 0.1 M sodium hydroxide is added to an excess of acid. How many moles of table salt are made? How many grams of salt is that? 

13. 50 mL of 0.25 M copper II sulfate evaporates to leave CuSO4·5H2O. (That is the pentahydrate crystal of copper II sulfate.) What is the mass of this beautiful blue crystal from the solution?

14. Chlorine gas is bubbled into 100 mL of 0.25 M potassium bromide solution. This produces potassium chloride and bromine gas. The bromine (which dissolves in water) is taken from the solution and measured at 27 °C and 825 mmHg. What is the volume of bromine?

15. 95.0 mL of 0.55 M sulfuric acid is put on an excess of zinc. This produces zinc sulfate and hydrogen. How many grams of zinc sulfate are made?

16. 27.6 mL of a 0.190 M solution of silver nitrate and 15.4 mL of an unknown (but excess) amount of sodium chloride combine to make a white precipitate silver chloride and some dissolved sodium nitrate. 

(a) How many moles of silver chloride are made? 

(b) How many grams of silver chloride is that? 

(c) How many moles of sodium nitrate are made? 

(d) What is the concentration of sodium nitrate in the final solution? 

17. How many grams of potassium permanganate, KMnO4, is needed to make 1.72 liters of 0.29 M solution?

18. By my calculations, a drop of ethyl alcohol, C2H5OH , in an olympic-sized swimming pool produces a 1.20 x 10-10 M solution of alcohol in water. A drop is a twentieth of a mL. How many molecules of ethyl alcohol are in a drop of the water in the pool? 

19. 93.0 mL of 0.150 M magnesium hydroxide is added to 57.0 mL of 0.4 M nitric acid. (Magnesium nitrate and water are formed. What is the concentration of the magnesium nitrate after the reaction? 

