Principles of Chemistry Online

Lecture Notes


Introductory Chemistry, 2nd ed, by Nivaldo Tro
Chapter 02: Measurements and Problem-Solving 
Part 2: Problem-Solving and Dimensional Analysis
Units
All measurements consists of two parts: a number and unit. Keeping the number and the units together is  very important. A number without an accompanying unit is meaningless.  Always (!!) write out the units for the numbers you use in calculations and problem-solving. The cool thing about units is that you can do the same algebraic operations with units that you do with numbers and in this course, you will learn a method of problem-solving in which the units of the numbers will help lead you to the correct calculation. 

Conversion Factors
Often, it is necessary to convert measurements in one system to their equivalents in another system. To do this, it is necessary to have a conversion factor for doing the calculation. 

Using Conversion Factors to Convert Units

A conversion factor gives the equivalent relationship between two units.  For example, the equivalent relationship between a pound (lb) and grams (g) is defined as 1 lb = 453.6 g.  This relationship can be written as a conversion factor in the form of a fraction in two ways:



a)    1 lb/453.6 g        or       b)    453.6 g/lb

A general formula for converting a quantity from one unit to another is as follows: multiply given quantity with conversion factor (written as a fraction):

Given quantity  *  conversion factor = desired quantity

To convert from one unit to another you choose the conversion factor that allows you to cancel the given unit and obtain the desired unit.  Therefore, the desired unit must be in the numerator and the given unit in the denominator.

Example: Convert 500 g to lbs.

Step 1.  Analyze:  given unit is g; desired unit is lbs

Step 2. Choose conversion factor with lb in numerator and g in denominator [a) from above]

Step 3.  Write given quantity with unit x conversion factor = desired unit



500 g * (1lb/453.6 g) = 1.1 lb        g cancels out

Solution Maps
Students often report that the thing they dread most is solving a word problem or a “story problem” and yet everybody solves routine “word problems” every day: these problems are presented in every day terms like figuring how much of something you need to buy to make a meal, how to find an alternate route to work to avoid construction, or how much gasoline the money in your wallet can purchase. Although students can often figure out answers to these problems without much difficulty, they freeze up when presented with a problem with “chemistry units” in it.  
The most difficult aspect of solving such a problem is often just figuring out where to begin. It can be very helpful to map out a potential solution to a problem using an outline form that indicates what needs to be done in each step without worrying about the exact numeric values to be used in making the conversion. These solution maps give a visual guide to follow in actually working the problem. When doing a unit conversion problem, the solution map will focus on the units and will indicate what conversion factors are needed to be able to convert from one unit to the next. 

Making certain that you routinely follow a systematic approach to doing unit conversion and dimensional analysis will benefit you by giving you a place to start and it will simplify the process of getting to the final solution. One reason this textbook was selected for this course is that presents problem-solving in a very clear manner. Your instructors hope you will take advantage of this. The main difference between an expert problem-solver and a beginning student is that an expert follows a systematic process. Learn the process of solving problems rather than trying to memorize formulas and with practice, you will find word problems much less daunting. 



Systematic Approach to Solving Problems

The process presented in the textbook and the powerpoint slides is similar to using a road map to plan a trip across the country. 

1. Begin by figuring out where you are now. What do you already know? This includes the quantities you are given in the problem; be sure you include the units always!

2. Where do you want to go? What quantity is the problem asking you to find? What are its units? It is important to figure this out early so you can figure out the shortest way to get from where you already are to your final destination. 
3. What cities would you like to pass through on your way from here to there? Do you want the most direct route or the scenic route?  For solving unit conversion problems, this would be similar to identifying what equivalence statements might be useful. You will want to find equivalence statements that have units in common with the value you are given to start with and the number you want to end up with.  Each of your equivalence statements can be converted to two possible conversion factors. 

4. Lay out the route.  Take the conversion factors and write out your solution map. In doing this, begin with the units of the value you are given and figure out which conversion factor can cancel the units of the number you started with. Remember that in order to cancel, the unit must appear in the numerator of one of the numbers and in the denominator of the other one. 

5. Figure out distances and times and finalize your plans. Once you have all your conversion factors lined up, it is time to do the calculations. Multiply all the terms in the numerators together and then divide by each bottom term. (A common mistake students make is that they divide by the first term on the bottom and then multiply by the rest. That does not work!)

6. Double-check your plans. Make sure they take you where you want to go. Is your answer reasonable?  Does it make sense? If you have just calculated that a person is 73 feet tall or that a factory makes only 4 tiny ball bearings per day,  you have probably made a mistake somewhere along the way. 
You must practice problem-solving to become good at it., just as you must practice a musical instrument  or a sport if you want to excel. A little practice every day is better than one long practice a week.  Ask any music teacher or coach!  

We recommend that you work through the example problems in the powerpoint slides and in the textbook. Don’t just read them! Get out a calculator, pencil, and paper and work the practice problems!  Just reading a practice problem is a little like trying to learn to swim or figure skate by watching the Olympics on TV!  You might learn a few things, but you probably won’t be ready to compete on your own. If the first time you try to work a problem on your own is on the exam, I guarantee you will not like the results!
Density

Why does a cork float while a penny sinks in water? This is because of the physical property termed density.  Differences in density determine whether objects sink or float. We can measure the mass and volume of any object. However, just looking at those measurements separately does not give us an idea of how closely packed the particles are in the object. If we now compare the mass of the object to its volume, we obtain the relationship called density.  We can therefore define density verbally as the mass of a substance per unit volume.  Mathematically, we can write the formula or equation as:
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To calculate the density of an object, you simply substitute the values (including units) for mass and volume and then divide.  You must always give the units for your final answer. Without the units, the number is meaningless.  The above equation can be rearranged so we can calculate an unknown quantity if any two are known.  For example if we know the density and mass of an object we can calculate its volume by rearranging the equation to:
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 or 

calculate the mass of an object if we know the density and the volume:



mass(m) = density (d) * volume (v)

Again, please work through the example problems presented in the powerpoint slides!
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