MEASURED vs EXACT NUMBERS
Exact numbers are numbers that are exact by definition, such as;

1 inch = 2.54 cm     or 

1 gallon = 231 cubic inches     or

1 foot = 12 inches

or
numbers that come in integers and are not likely to be available in amounts smaller than integers. When you ask for seating in a restaurant, the number of people is an integer, an exact number.

Measured numbers are an estimated amount, measured to a certain number of significant figures without the benefit of any natural unit or a number that comes from a mathematical operation such as averaging. You would get a measured number from using a meterstick to find the length of a board or using a graduated cylinder to find the volume of a liquid. Average numbers of people would make a measured number, even though people naturally come only in integers. The average family in the U.S. has 2.37 children.
SCIENTIFIC NOTATION 
There are many very large and very small numbers in scientific studies. How would you like have to calculate with: 

1 mol = 602,200,000,000,000,000,000,000 atoms 
or 
1 Dalton = 0.000,000,000,000,000,000,000,00165 g? 

You can streamline large or small numbers with scientific notation. The standard is that you place the decimal point after the first significant digit and adjust the exponent of ten so that there is no change in the value of the number. Think of the change as creating a new number with two parts, a digit part and an exponent part, from the old number. To put the decimal point behind the first digit, you must divide or multiply the original number by some integer power of ten. Then you must do the opposite (inverse) to the exponent part of the new expression so that there is no change in the value of the number. 

(0.000,000,000,000,000,000,000,00165 x 1024) x 1/1024 = 1.65 x 10-24 or 1.65 E-24 

(602,200,000,000,000,000,000,000/1023) x 1023 = 6.022 x 1023 or 6.022 E23 

The original numbers have the same value as the exponential forms, but the exponential forms have the decimal point in the right place. The 'right place' is to the right of the first digit. The ‘E’ in the number stands for exponent. Your scientific calculator will use the numbers in the shortened form, usually best represented by the ‘E’ form. Don’t get caught making too much of this. You have seen it before. The number ‘five point two million’ is the same as 5.2 E6. The number of the power of ten only indicates how many places you need to move the decimal to get the long form of the number back. The only question you might have trouble with is WHICH WAY to move the decimal. The easy way to remember that is: numbers that are less than one have negative exponent numbers in the scientific notation form, and numbers that are larger than one have positive exponent numbers. Very often Chemistry professors will tell you they want answers in scientific notation if the number is larger than one thousand or smaller than one thousandth. Keep your professor happy. Find out exactly what is required in your course and follow the instructions to the letter.  

SIGNIFICANCE AND ROUNDING
All the numbers in the above table have only two significant digits. Only the five and zero in each number has any numerical meaning other than place-holding. Let’s say that Delhi, India has five million people. We have expressed that number in one significant digit. That might be sufficient for such a number. Are we considering just people within the city limits? How about people who live outside the city and come in only for business? What year are we specifying? Let’s say we have enough information to number the population of Delhi at 5.1 million. That is now more a more accurate number that claims a two digit significance. What if we were to go absolutely wild and say that Delhi has 5.1376504 x 106 people? That is the same number, isn’t it? First, it ridiculously claims eight significant digits. Even worse, that figures to 5,137,650.4 people, and people just don’t come in four-tenths of a person. Yes, you can claim to be far too accurate. With that in mind, here are the rules for considering the number of significant digits: 

1. All non-zero digits are significant. Every 1, 2, 3, 4, 5, 6, 7, 8, and 9 claims significance. 
2. All leading and following zeros that are only place-holders are not significant. The two numbers given as examples have a large number of merely magnitude-indicating zeros. 
3. All zeros between two other digits are significant. The number 6.023 has a significant zero for a total of four significant digits. 
4. All zeros to the right of the decimal and to the right of other digits are significant. For instance, the number 43.500 has five significant digits, two of which are zeros. 

You may hear the phrases significant digit, significant numeral, or significant figure to describe this idea. Chemtutor will sometimes shorten it to "sig figs."

We can round numbers to the proper number of significant digits by lopping off all digits past the number needed if less than five and rounding up the last needed digit if the following digit is five or more. For examples, here rounding to three significant digits: 
3.4848 becomes 3.48; 
4.1550 becomes 4.16; 
5,786,899 becomes 5,790,000; and 
0.000,347,00 becomes 0.000,347. 

How do you know when you need to round? In multiplication and division, the answer cannot have more significant digits than the number with the smallest number of significant digits used to calculate the answer. So a four significant digit number multiplied or divided by an eight significant digit number will result in a number that can only claim four significant digits. Wisconsin has 379 cities with about 5.1 thousand people in it. How many people live in all these small towns? 379 x 5.1 E3 = 1.9329 E6, but the answer can only claim two significant digits. The answer must be 1.9 E6 people because the number 5.1 E3 only has two significant digits. 

How do you know where to round in actual measurements? The last digit is the one we get by estimation. For instance, if you have a graduated cylinder marked in milliliters and tenths of a milliliter, you should be able to estimate between the lines (interpolate) of tenths of milliliters and measure hundredths of milliliters. 

The allowed significance works differently with adding and subtracting. The addition of a family of four to a city of three million does not significantly change the population of the city. If you have 1,578,000 chickens and you add 2,717 chickens to them, you have 1,581,000 chickens. Align these numbers one on top of the other so you can more easily see the reasoning behind this. No answer in subtraction or addition can have significant digits in COLUMNS in which on the right there is not a significant digit in each participant number. 

It is just as important to know WHEN to round as HOW to round. In any math problem you should wait until the end to round; Only the final answer should be rounded. Carry as many significant digits as you can throughout the problem. On a calculator, the most efficient way to carry the maximum is to do all the calculation on the calculator. Arrange the problem so that you do not have to copy an intermediate answer only to re-enter it into the calculator. If you do find yourself needing to save numbers outside the calculator, copy several more significant digits than you think you need. 

DIMENSIONAL ANALYSIS 
Dimensional analysis is a system of using the units of quantities to guide the mathematical operations. There are other names for the very same idea, for instance, unit conversion or factor label or factor-unit system. Here we will abbreviate it to DA. It can be used for conversions, to check work done with formulas, or, in uncomplicated problems, instead of formulas. As we will use it, DA can do much of the mathematical work of chemistry. We will also be doing some more complex math problems for which the use of formulas is necessary. The general rule for whether to use DA or W5P is: if the answer is the same dimension as the given units, you will likely use DA, but a formula best accounts for any change in dimension. (W5P method. See below.) To use the DA system for conversions, you should check to see that the unit given and the unit into which you want to change are the same dimension. To someone unfamiliar with that idea, the prospect of finding out how many feet are in 2.5 acres almost seems a reasonable one. 

Begin with the KNOWN QUANTITY. Place all the known quantity in the numerator of the beginning fraction if there is no denominator. To use DA, one must know the dimensions of units and conversion factors. Definitions, such as those found in the metric prefix and unit sheet can serve as conversion factors by dividing one side of an equation by the other, thus: since 1 mile = 5280 ft. 


We can multiply any quantity by anything equal to 1 without changing the value of the quantity. Therefore, 5280 ft/mile or 1 mile/5280 ft is a conversion factor for length. These conversion factors can change 6.20 miles to a number of meters in serial fashion thus: 
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Notice you can visualize the definitions you know from the units-and-definitions section in each one of the conversion factors. The definition 1 mile = 5280 ft can convert miles to feet. We want to cancel out the miles, so we place 1 mile under the 5280 ft. Now the mile units can cancel with one in the denominator and the other in the numerator. If we were to stop at this point, the answer would be in units of feet. Similarly, use 1 foot = 12 in. to go from feet to inches, placing the foot unit in the denominator to cancel with the foot unit in the numerator. The definitions and conversions in the units and measures and definitions chapter become very convenient for use as conversion factors. It is necessary to know them by rote to be able to easily use the system. If you know the definitions well, not only will you escape having to look up the right definition, but you will much more easily spot the best way to convert the numbers. The metric system definitions come from the powers of ten of the metric prefixes. The metric ‘staircase’ method allows for changes from any magnitude to another in one conversion step by ‘counting the steps up or down the staircase.’ 

We can use the density of a material as a conversion factor between mass and volume rather than a formula in this manner: The density of mercury is 13.6 g/cc. What is the mass of two liters of mercury? 
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This math could have been done without stopping to calculate the intermediate answer of 27200 g, but the math always works, no matter in what order it is done. In both cases we carefully accounted for the units by canceling. A stepwise orderly progression of easily remembered changes can convert units to anything you need. The metric system is particularly easy to use with DA. The definitions are multiples of ten and need scrupulous care to stay untangled. Here is a way to think of it using a change from Kilometers to millimeters. Kilometers being the larger unit, begin with one of the larger unit. The number of smaller units, (mm) is the power of ten that is the number of steps up the metric staircase. This process keeps the exponent positive. 

1 km = 1x 106 mm       or       1 km = E6 mm 

Problems that involve many substances or a lot of addition and subtraction can become difficult with DA, but for conversions within a dimension or simple multiplication or division problems, even in serial fashion, it is a powerful tool. We can use DA when working formula problems by consistently using and canceling the appropriate units. The answer must come out in the proper dimension according to the units, or you should suspect something wrong. You may then easily convert the answer to units you want by using simple definitions as conversion factors. As you may have suspected, DA has many uses in the study of chemistry. Many common daily-living problems could be helped by thinking in DA. 

Dimensional Analysis (also called Factor-Label Method or the Unit Factor Method) is a problem-solving method that uses the fact that any number or expression can be multiplied by one without changing its value. It is a useful technique. The only danger is that you may end up thinking that chemistry is simply a math problem - which it definitely is not. 

Unit factors may be made from any two terms that describe the same or equivalent "amounts" of what we are interested in. For example, we know that

1 inch = 2.54 centimeters

Note: Unlike most English-Metric conversions, this one is exact. There are exactly 2.540000000... centimeters in 1 inch. 

We can make two unit factors from this information: 
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Now, we can solve some problems. Set up each problem by writing down what you need to find with a question mark. Then set it equal to the information that you are given. The problem is solved by multiplying the given data and its units by the appropriate unit factors so that only the desired units are present at the end. 

(1) How many centimeters are in 6.00 inches? 
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(2) Express 24.0 cm in inches. 
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You can also string many unit factors together. 

(3) How many seconds are in 2.0 years? 
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Scientists generally work in metric units. Common prefixes used are the following: 

	Prefix
	Abbreviation
	Meaning
	Example

	mega-
	M
	106
	1 megameter (Mm) = 1 x 106 m

	kilo-
	k
	103
	1 kilogram (kg) = 1 x 103 g

	centi-
	c
	10-2
	1 centimeter (cm) = 1 x 10-2 m

	milli-
	m
	10-3
	1 milligram (mg) = 1 x 10-3 g

	micro-
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	10-6
	1 micrometer ([image: image8.png]
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	nano-
	n
	10-9
	1 nanogram (ng) = 1 x 10-9 g



(4) Convert 50.0 mL to liters. (This is a very common conversion.) 
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(5) What is the density of mercury (13.6 g/cm3) in units of kg/m3? 
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We also can use dimensional analysis for solving problems. 

(6) How many atoms of hydrogen can be found in 45 g of ammonia, NH3?
We will need three unit factors to do this calculation, derived from the following information: 

1. 1 mole of NH3 has a mass of 17 grams. 

2. 1 mole of NH3 contains 6.02 x 1023 molecules of NH3. 

3. 1 molecule of NH3 has 3 atoms of hydrogen in it. 
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There are many, many more examples in your textbook! 

QUIZ: 

	Question 1
	How many millimeters are present in 20.0 inches?

	Question 2
	The volume of a wooden block is 6.30 in3. This is equivalent to how many cubic centimeters?

	Question 3
	A sample of calcium nitrate, Ca(NO3)2, with a formula weight of 164 g/mol, has 5.00 x 1027 atoms of oxygen. How many kilograms of Ca(NO3)2 are present?


Metric Square Units 

The unit which is most often squared or cubed is the length unit. In SI, the base length unit is the meter, m. A square unit, such as m2, describes area and a cubic unit, m3, describes volume. 

Brief Review 

With SI units (like meter, m), prefixes are added to indicate that a fraction (like centimeter, cm or 10¯2 m) or a multiple (like kilometer, km or 103 m) is being used. 

Suppose we wish to convert a value like 4.90 cm to the equivalent number of km. We need to do two things, (1) determine if we are converting to a bigger unit or smaller and (2) the absolute exponential distance between the two units. Smaller to bigger means a negative sign and the absolute exponential distance is 5. Therefore 4.90 cm = 4.90 x 10¯5 km 

Or, to use an even simpler example: 1.00 meter would equal 100. cm. The absolute exponential distance here is 2. Keep this problem in mind for the next few paragraphs. 

Converting from one square unit to another 

The big difference in this technique has to do with the exponential distance between two units. You must square the distance to get the right answer. 

Let's consider 1.00 m2, one square meter. How many square centimeters are there in this area? 

In order to solve this problem, you must ee that there are TWO sides to the square meter area and that EACH SIDE must be converted to cm. Consequently, we have 100.0 (102) cm on each side and when we multiply them together we get 104 cm2. 

Notice that the exponential distance is an exponent distance of 4 (that is, 104) where as in the meter to cm conversion, it was a distance of 2 (that is, 102) 

Let's do a longer distance. Consider 1.00 km2. Convert it to m2 (square micrometers). 

Kilo is 103 and micro is 10¯6, so the total absolute exponential distance is 9 (which means 109). Since we are dealing with a square unit change, we must square 109, giving 1018 as an answer. We are going from one large unit (kilo-) to a smaller unit (micro-), so the sign on the answer will be positive: 

1.00 km2 = 1.00 x 1018 m2 

Metric Cube Units 

Same explanation, except you have to cube the absolute exponential distance between to the two prefixes. I will do the same example problems as above, except as cubic problems. 

Remember that cubic problems deal with volume. 

Here are the problems: 

1.00 m3 = how many cubic centimeters?
1.00 km3 = how many cubic micrometers? 

Before going into the solutions, try them out before seeing the answers. 

First problem: The absolute exponential distance between the base unit and centi- is 102 (shortened to 2 many times), so in a cubic situation, we must cube it to 103. The reason we do this is because there are three centimeter measurements, one for each of the three sides of the cube. 

Let me anticipate a problem: you read the above and say "Wait, the cube of 2 is 8, isn't it?" You are right because (2)3 = 2 x 2 x 2 = 8, but we are dealing with an exponential value of 2, not just the number 2. What gets cubed is 102, not 2. We would write (102)3 = 102 x 3 = 106. 

Hope that was clear. Now, to finish the problem: 

1.00 m3 = 1.00 x 106 cm3 

First problem: Between kilo- and micro- is an absolute distance of 109. Our technique calls for the exponential value to be cubed, so (109)3 = 1027. The direction of change is going from the larger prefix to the smaller prefix, so the sign of the exponent in the answer will be positive. Our answer is: 

1.00 km3 = 1.00 x 1027 m3 

Practice Problems

My examples above were going from the larger prefix to the smaller. That meant there were lots of the smaller prefix in one big prefix. The first problem in each set goes the opposite direction. Ask yourself: how many of a larger prefix are there in one small prefix? Answer = less than one, so the sign on the exponent will be negative. 

Having said that, watch out for a problem where there is an exponent already in the problem and the negative exponent change fails to overwhelm the exponent from the problem. In that case, there will be a positive exponent in the answer. 

Square problems 

1) Convert 4.26 x 104 m2 to km2 

2) Convert 3.20 x 1010 fm2 to cm2. 

3) Convert the answer in number 2 to Mm2 

Cubic problems 

4) 4310 cubic centimeters. Convert to m3. 

5) 86.3 cubic centimeters. What is volume in mm3? 

6) 5.94 x 1010 mm3. Convert to dm3. 

Normal Metric Units

Skills you need to do this include: 

1) memorize the metric prefixes names and symbols
2) determine which of two prefixes represents a larger amount
3) determine the exponential "distance" between two prefixes
4) significant figure rules
5) scientific notation 

Here are two typical metric conversion problems: 

1) Convert 2.50 g to picograms.
2) Convert 0.080 cm to km. 

A slightly more complex one is: 

Convert the speed of light (3.00 x 108 m/sec) to km/year. 

The key skill in solving these problems is to construct a conversion factor. This conversion factor will make the old unit go away (micrograms and km in the top two examples) and create the new unit (pm and cm) in its place. Along with this change, there will be a change in the value of the number. 

Let's focus on the first example: Convert 2.50 g to picograms 

STEP ONE: Write the value (and its unit) from the problem, then in order write: 1) a multiplication sign, 2) a fraction bar, 3) an equals sign, and 4) the unit in the answer. Put a gap between 3 and 4. All that looks like this: 
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The fraction bar will have the conversion factor. There will be a number and a unit in the numerator and the denominator. 

STEP TWO: Write the unit from the problem in the denominator of the conversion factor, like this: 
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STEP THREE: Write the unit expected in the answer in the numerator of the conversion factor. 
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STEP FOUR: Examine the two prefixes in the conversion factor. In front of the LARGER one, put a one. 
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There is a reason for this. I'll get to it in a second. 

STEP FIVE: Determine the absolute distance between the two prefixes in the conversion unit. Write it as a positive exponent in front of the other prefix. 
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Now, multiply and put into proper scientific notation format. Don't forget to write the new unit. Sometimes, the exponential number is in the denominator. You must move it to the numerator and when you do so, remember to change the sign. Also, DO NOT move the unit with it. That unit has been cancelled and is no longer there. 

Here are all five steps for the second example, put into one image: 
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Note that the old unit cancels, since it appears in the numerator and denominator of two parts of a multiplication problem. 

Why a one in front of the larger unit? I believe it is easier to visualize how many small parts make up one bigger part, like 1000 m make up one km. Going the other way, visualizing what part a larger unit is of one smaller unit, is possible, but requires more sophistication. For example, how many meters are in one nanometer? The answer is 0.000000001 or 10¯9. You may be able to handle the conversion and that is just fine. I'm just trying to make it simple. 

What I have been discussing above is sometimes called a "unitary rate." Unitary in this case simply means the number one. I have created a system above where the one can be in either the numerator or denominator of the conversion unit. You may have a teacher that forces the one to be only in the denominator. What that means is that you will have to decide if you are going from a large unit to a small unit (making the numerator exponent positive) or going from a small one to a large one (making the numerator unit negative). 

I think my way is better. 

Two Comments 

1) If you do the conversion correctly, the numerical part and the unit will go in opposite directions. If the unit goes from smaller (mm) to larger (km), then the numerical part goes from larger to smaller. There will never be a correct case where number and unit both go larger or both go smaller.
2) A common mistake is to put the one in front of the SMALLER unit. This results in a wrong answer. Put the one in front of the LARGER unit. 

Practice Problems 

1. 0.75 kg to milligrams 

2. 1500 millimeters to km 

3. 2390 g to kg 

4. 0.52 km to meters 

5. 65 kg to g 

6. 750 micrograms to g 

7. 0.25 megameters to cm 

8. 23.8 fg to kg 

9. 2.77 kg to mg 

10. 2.90 cm to terameters 

11. 45.6 microliters to megaliters 

12. 1.08 kg to g 

13. 9.57 x 10¯8 mm to nanometers 

14. 2.00 L to mL 

15. 35.28 mL to L 

