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Introductory Chemistry, 2nd ed, by Nivaldo Tro
Chapter 02: Measurements and Problem-Solving 
Part 1: Measurements
Measurement of Matter: the Metric System
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. 

Scientific Notation

Scientific notation is a way of expressing very large or very small numbers in terms of powers of ten, written as a number with a value between 1 and 10 (called the coefficient) which is multiplied by a power of 10 (called the exponent. ) For example, in the number 1.7 x 109,  the exponent “9” tells us that the decimal point was moved nine places to the left from where it started in the original number.  Therefore the actual number is 1,700,000,000, a very large number.  Thus large numbers will have a positive exponent while very small numbers will have negative exponent.  In the example 5.6 x 10-6, the exponent “–6” tells us that the decimal place was moved 6 places to the right from its place in the original number, so the regular number is 0.0000056.  Practice converting numbers to scientific notation and vice versa.  Study the examples in the chapter and in the powerpoint slides. 
Using Scientific Notation on Your calculator.

Practice entering and doing calculations using scientific notation on your calculator.  Most scientific calculators have a button named either “EE” or “exp” for entering exponents. 

Two common types of calculators used by students include the TI-83 or TI-84 series and the TI-30 series. Numbers in scientific notation are entered in a slightly different manner for these two types of calculator.
When using a TI-83 and trying to enter scientific notation, do not enter the "10" before the exponent or you will not get the correct answer. Often, when a student’s answer is off by a factor of ten, this is the detail that causes the answer to be off.

Scientific Notation on a TI-83 or TI-84 
To enter a number  such as 1.7 x 10 -9 in scientific notation in the TI-83 calculator, enter “1.7”, then the yellow "2nd" button to shift, then the comma button (this gives the "EE" function because we previously hit "2nd") followed by the exponent. If the exponent is negative, push the (-) button (located in the bottom row of buttons next to the decimal point) before you enter the number for the exponent.  Do not enter the "10" before you enter the exponent: the “EE” function takes the place of “times ten to the.”

To recap: To enter 1.7 x 10 -9 in a TI-83 calculator, enter 1.7, "2nd", "EE", (-)9 and then push the enter button and continue on with your calculation. 
Scientific Notation on a TI-30XA
There are several different models of TI-30XA calculators that look a little different from each other. 
It appears that  TI-30XA calculators all have an "EE" button, so you will not need to use the "2nd" function to use the "EE". Do not enter the "10" if you are using the "EE" button. Simply type in the coefficient, hit the EE button, then type the exponent. If it is a negative exponent, you should hit the change sign button (on the bottom row just to to left of the equals sign ) before you type in the number for the exponent.

To recap: To enter 1.7 x 10 -9 in a TI-30XA calculator, enter 1.7,  "EE", (-)9 and then push the enter button and continue on with your calculation.

Some calculators may use “EXP” instead of “EE”, either as a separate button or as a “2nd” function. If you are consistently off in your calculations when using scientific notation, ask for help! The math lab at any campus, the discussion board in Blackboard, or your instructor may be able to save you much frustration if you will ask for help!
Exact Numbers  vs Inexact Numbers
All numbers are not created equal. It is important to differentiate between numbers that are exact and numbers that are inexact. An exact number is a number that is determined by counting or by definition. For example, the number of students in a particular class section can be determined exactly by counting them.  We can determine the exact number of nuts or bolts in a bag, or the number of apples in a bowl by counting.  By definition, there are exactly 12 eggs in a dozen eggs, exactly two socks in a pair, or exactly 144 pencils in a gross of pencils. All of these are examples of exact numbers.

By contrast, an inexact number is a number that is measured, usually by using some sort of measuring tool such as a ruler, tape measure, scale, or measuring cup.  Measured numbers are always inexact to some degree. The degree of uncertainty may depend on how good the measuring tool is, or how skilled is the person making the measurement. Examples of measured numbers would include the length of a piece ribbon, the weight of a chicken at the store, or the amount of sugar added to a recipe measured in cups or teaspoons. All would have some degree of uncertainty because a measurement is involved. 

Uncertainty in Measurements
It is important to use the correct number of significant figures when reporting a measured number, just as it is important to report the units for the number.  Significant figures apply only to measured numbers, and not to counted or defined numbers.  To report the appropriate number of significant figures in a measured number, we report all the digits we know with certainty, plus one estimated digit. 

Sets of measurements can be characterized by the precision or the accuracy of the measurements. The precision of a set of measurements reveals how close the measurements in the set are to each other.  The accuracy of a measurement involves how close that measurement is to a “known”, “true”, or “standard” value.  Thus, precision and accuracy are quite different characteristics. It is possible for measurements to be very precise, but not accurate. They may be very precise and very accurate or they may be neither precise nor accurate.

Rules for Counting Significant Figures in a Number
All nonzero digits are always significant. 
Zeros are always significant if they fall between two nonzero digits.

Zeros are never significant if they come before the first nonzero digit.

Zeros at the end of a number are only significant in a number with a decimal point. 


Rules for Rounding to the Correct Number of Significant Digits
Round a number by looking at the first digit after the last significant digit. If it is 0 to 4, round down to the next lower digit. If it is a 5 or greater, round up to the next larger digit. Thus, to round 755.4 to three significant digits, round down to 755. To round 755.5 to three significant digits, round up to 756.


Rules for Significant Figures in a Calculation Involving Addition or Subtraction
Round the answer to the same number of decimal places as the number with the fewest decimal places used in the calculation. 


Rules for Significant Figures in a Calculation Involving Multiplication or Division

Round the answer to the same number of significant figures as the number with the fewest significant figures used in the calculation. 
Rules for Significant Figures in a Calculation Involving both Addition/Subtraction and Multiplication/Division

Do the operations in the order designated by the order of operations, rounding the digits at the intermediate steps.

Units of Measurement
In order for scientists to be able to compare their results a standard system of units was adopted internationally, known as the SI Units.  In the SI system, the basic unit of length is the meter (abbreviated as “m”), the basic unit of mass is the kilogram (abbreviated as “kg”),  the basic unit of time is the second (abbreviated as “s”), and the basic unit for temperature is the Kelvin (abbreviated as “K”). Although the SI system is based on the metric system, there are some differences. In the metric system, the gram (abbreviated as “g”) rather than the kilogram is the unit of mass and the liter (abbreviated as “L”) is the unit of volume. Note that there is no basic unit of volume in the SI system. You should memorize the basic units used in both the SI system and the metric system. 

Length

Length is a measure of a single linear dimension of an object, usually the longest dimension. The SI unit for length is the meter, which is slightly longer than the English unit “yard”.  When measuring very long or very short lengths, it is common to use a prefix in front of the SI unit of meters for convenience.
Mass vs Weight
Mass is a measure of the amount of matter and it is the same anywhere, on earth or another planet.  Mass should be differentiated from weight, which is a measure of the gravitational force exerted by the object.  The weight of an object varies with location and depends on the force of gravity.  For example the mass of astronaut Neil Armstrong was the same on the moon as it was on earth; however, his weight on the moon was only 1/6 that of his weight on earth because the force of gravity on the moon is 1/6 that of earth.  In outer space where there is no gravitational force, an object is weightless but not massless.  We use the term weight when we actually mean mass in the lab because most of the work we do involves comparing masses measured in the same location subject to the same force of gravity.  

Prefixes in the Metric System

In science, we may deal with very large or very small numbers.  For example, the number of molecules in a drop of water is a very large number while the diameter of an atom is a very small number.  In the metric system, prefixes are attached to the base units to increase or decrease the value of the base unit by factors of 10.  You must memorize the following prefixes, their symbols and meaning and be able to convert from one unit to another:  mega-, kilo-, centi-, milli-, and micro-.  The symbols and meanings for these prefixes are in Table 2.2 in your textbook on page 24, as well as in the slides, and in a separate handout in the Chapter 2 folder under Course Documents.  Keep them handy until you have them memorized!
Volume

As mentioned in the notes above, there is no basic unit for volume in the SI system as there is in the metric system. Rather, volume units are derived from the basic unit for length. Remember that units can be multiplied just like numbers can.  To calculate the volume of a cube or a  box, you multiply length times width times height  carrying the units along in your calculation. Thus the volume of a box that is 1 meter tall by 2 meters wide x 8 meters long would be 16 cubic meters:  1 m x 2 m x 8 m = 16 m3. 
Common Units and Their Equivalents
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. 
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