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Summer Preview Packet
2010
Includes:

· Measurement and the Metric System

· Dimensional Analysis/Factor-label Method

· Scientific Notation

· Significant Figures
Understanding the Uses of Numbers

Measurement and the Metric System

Metric units were first introduced in France more than 100 years ago. A modernized form of the metric system was internationally adopted in 1960. The system is called “SI,” which is an abbreviation of its French name, Le Systeme International d’Unites. SI units are used by scientists in all nations, including the United States. This system has a small number of base units from which all other necessary units are derived.

	Quantity
	Unit
	Abbreviation

	Mass
	kilogram
	kg

	Length
	meter
	m

	Time
	second
	s

	Temperature
	kelvin
	K

	Amount of Substance
	mole
	mol

	Electric Current
	ampere
	A


Figure 1 Units of Measurement
The limited number of units in Figure 1 is not sufficient for every type of measurement a chemist might need to make. For example, the SI unit of length is the meter (symbolized by m). Most doorways are about two meters high. However, many lengths we may wish to measure are either much larger (distance from the earth to the sun) or much smaller (width of a dime) than a meter. To handle such measurements easily, common metric prefixed are used to change the size of the unit. The distance from the earth to the sun can be expressed in kilometers (km), and the width of a dime can be expressed in terms of millimeters (mm). Figure 2 lists the most useful metric prefixes and their meanings.
	Prefix
	Abbreviation
	Meaning
	Example

	Mega-
	M
	106
	1 megabyte = 1 000 000 bytes

	Kilo-
	K
	103
	1 kilogram = 1000 grams

	Deci-
	D
	10-1
	1 deciliter = 0.1 L

	Centi-
	C
	10-2
	1 centimeter = 0.01 m

	Milli-
	m
	10-3
	1 milliampere = 0.001 A

	Micro-
	µ
	10-6
	1 micrometer = 10-6 m

	Nano-
	n
	10-9
	1 nanometer = 10-9 m

	Pico-
	p
	10-12
	1 picometer =  10-12 m


Figure 2 Common Metric prefixes
Quantities can be converted from one unit to another through the use of equivalences from Figure 2 and a unit conversion factor.

Converting units in this manner is called dimensional analysis, or factor labeling. Dimensional analysis can be used to solve many different types of problems in chemistry. 
Remember that all numbers in chemistry are an outcome of a measurement. As a result numbers should have a measurement unit associated with them. Always include units when you write numbers.

Practice Problems

1. Which metric unit and prefix would be most convenient to measure each of the 
following?




a. the diameter of a giant sequoia tree


b. the diameter of a human hair



c. time necessary to blink your eye



d. mass of gasoline in a gallon



e. mass of a cold virus



f. amount of aspirin in a tablet



g. mass of concrete to pave a parking lot

2. What word prefixes are used in the metric system to indicate the following multipliers?



a. 1x 10³
b. 1 x 10-3

c. 0.01
d. 1 x 10-6
3. An Antacid tablet contains 168 mg of the active ingredient ranitidine hydrochloride. How many grams of the compound are in the tablet?

4. There are 1.609 km in 1 mile. Determine the number of centimeters in a mile.

5. A paper clip is 3.2 cm long. What is its length in millimeters?

6. State at least one advantage of SI units over the customary US units.

Frequently we wish to measure quantities that cannot be expressed using one of the basic SI units. In these situations two or more units are combined to create a new unit. These units are combined to create a new unit. These units are called derived units. For example, speed is defined as the ratio of distance to time. To measure speed, two units-distance and time-are combined. Another derived unit frequency used in the laboratory is volume. Let’s see how these derived units are related to SI units.
The volume of a cube is determined by multiplying (length x width x height). A cube with sides of 10 cm x 10 cm x 10 cm has a volume of 1000cm3, which is defined as a liter.

Density is the ratio of mass to volume (D=m/V), so it is also a derived unit. It is an important property for determining the identity of a sample of matter. Again, two units are combined-a mass unit and a volume unit. The density of solids and liquids is usually expressed as g/cm3 and the density of gasses as g/L.

Dimensional Analysis/Factor Label Method:

Dimensional analysis, also called the factor-label method, is widely used by scientists to solve a wide variety of problems. You have already used this method to convert one type of metric unit to another.  The method is helpful in setting up problem and also in checking work because if the unit label is incorrect, the numbers in the answer to the problem are also incorrect.  The use of dimensional analysis consists of three basic steps:

1. Identify equivalence relationships in order to create unit conversion factors. 

2. Identify the given unit and the new unit derived.

3. Arrange the conversion factor so given units cancel, leaving the new desired unit. Perform the calculation. 

The factor label method can be used to solve virtually any problem including changes in units. It is especially useful in making complex conversions dealing with concentrations and derived units.

Convert the following:
1. 35mL=___________dL

6.
4500mg=___________g

2. 950 g=___________kg

7.
25 cm=__________mm

3. 275mm=__________cm

8.
0.005kg=_________dag

4. 1000L=___________kL

9.
0.075m=_________cm

5. 1000mL=_________L

10.
15g=__________mg

Practice Problems:
1. The average person in the US uses 340L of water daily. 
Convert this to Milliliters. __________________
2. A quart is approximately equal to 946 mL. 
How many liters are in 1 quart? ________________
3. One hundred fifty milliliters of rubbing alcohol has a mass of 120 g. 
What is the density of rubbing alcohol? __________________
4. A ruby has a mass of 7.5 g and a volume of 1.9 cm3. 
What is the density of this ruby? ____________________
5. What is the density of isopropyl alcohol if 5.00 mL weigh 3.93 g? ____________
Solve the following problems:
1. 3 hrs = ________________sec

2. 0.035 mg = _______________cg

3. 5.5 kg = _________________  lbs

4. 1.3 yrs = _________________ hr ( 1 yr = 365 days)

5. 3 moles = ________________ molecules (1 mole = 6.02 x 1023 molecules)

6. 2.5 yds = _________________ in 

7. 2.5 x 10 24 molecules = ________________ moles

8. 5 moles = ________________ liters (1 mole = 22.4 liters)

9. 100. 0 Liters = _________________ moles

10. 50.0 Liters = ________________ molecules

11. 5.0 x 1024 molecules = ________________ liters 

12. 7.5 x 103 mL = _________________ liters
13. Scientists studying bull sperm whales off the coast of South Africa have calculated that these mammals can descend to depths of nearly 3000 m during their search for food.  What is this depth in kilometers? ____________________

14. Speed skater Kim Ki-hoon, of South Korea, won the 1000 m short-track race in the 1992 Olympics with a time of 90.76 s.  How many milliseconds did it take him to finish the race? _______ How many centimeters long was the race? ________

15. It does not take a large electric current, the amount of charge that passes through a substance each second, to cause a fatal shock.  The smallest deadly amount of electricity through the human body is 100 mA (milliamperes). What is this current in amperes? ___________________________

16. Liquid bromine has a density of 3.12 g/mL.  What volume would 7.5 g of bromine occupy? ______________________
17. How many 250 mL serving can be poured from a 2.0 L bottle? _____________

18. The 1500 meter race is sometimes called the “metric mile”.  Convert 1500 m to miles. ( 1 m = 39.37 in.) ______________________

Scientific Notation:

Scientists very often deal with very small and very large numbers, which can lead to a lot of confusion when counting zeros! We have learned to express these numbers as powers of 10.
Scientific Notation takes the form of M x 10n where 1 <= M < 10 and “n” represents the number of decimal places to be moved. Positive n indicates the standard form is a large number. Negative n indicates a number between 0 and 1.

Addition/Subtraction Using Scientific notation:

1. Convert the numbers to the same power of ten.

2. Add (subtract) the nonexponential portion of the numbers.

3. The power of 10 remains the same.

Multiplication Using Scientific Notation:

1. The numbers (including decimals) are multiplied.

2. The exponents are added. 

3. The answer is converted to scientific notation – the product of a number between 1 and 10 and an exponential term. 

Division Using Scientific Notation:

1. Divide the decimal parts of the number.

2. Subtract the exponents. 

3. Express the answer in scientific notation

Convert to Scientific Notation:
1) 0.005 = 
_______________
2) 5050 = 
_______________
3) 0.0008 = 
_______________
4) 1000 =
_______________
5) 1,000,000 =
_______________
6) 0.25 =

_______________

7) 0.025 =
_______________
8) 0.0025 =
_______________

9) 500 =

_______________
10)  5000 =
_______________
Convert to Standard Notation:
1) 1.5x103 =
_______________
2) 1.5x10-3 =
_______________
3) 3.75x10-2 =
_______________
4) 3.75x102 =
_______________
5) 2.2x105 =
_______________
6) 3.35x10-1 =
_______________
7) 1.2x10-4 =
_______________

8) 1x104 =
_______________
9) 1x10-1 =
_______________

10) 4x100 =
_______________
Practice
1. Scientists have estimated that the area of Earth covered by water is 70.98 %, or 632 310 100 km2.  Express this value in scientific notation.  _________________

2. The brightest comet on record, the Great Comet of 1843m had a tail that trailed for 205 000 000 mi.  Express this distance in scientific notation using kilometers. ______________________

3. Mount Everest, an eastern Himalayan peak was discovered to be the world’s highest mountain in March 1856.  The Survey Department of the Government of India computed its height to be 29 002 ft. Express this height in scientific notation. ______________________

Significant Figures:
A measurement can only be as accurate and precise as the instrument that produced it.  A scientist must be able to express the accuracy of a number, not just its numerical value. We can determine the accuracy of a number by the number of significant figures it contains. 

Rules for Significant Figures:
1. All digits 1-9 are significant (Ex. 129 has 3 sig figs)

2. Zeros between significant digits are always significant. (Ex. 5 007 has 4 sig figs)

3. Trailing zeros in a number are significant only it the number contains a decimal point. (Ex. 100.0 has 4 sig figs; 100 has 1 sig fig)

4. Zeros in the beginning of a number whose only function is to place the decimal point are not significant. (Ex. 0.0025 has 2 sig figs)
5. Zeros following a decimal significant figure are significant. (Ex. 0.000470 has 3 sig figs; 0.47000 has 5 sig figs)

Determine the number of significant figures in the following numbers:

1) 0.02
_____




6)  5.000
_____

2) 0.020 
_____




7)  6 051.00
_____

3) 501

_____




8)  0.0005
_____

4) 501.0
_____




9)  0.1020
_____

5) 5 000
_____




10) 10 001
_____

Calculations Using Significant Figures

When Multiplying and dividing, limit and round to the least number of sig figs in any of the factors. 


EX. 23.0 cm x 432 cm x 19 cm = 188.784 cm3

The answer is expressed as 190 000 cm3 since 19 cm has only 2 sig figs

When adding and subtracting, limit and round your answer to the least number of decimal places in any of the numbers that are in the problem.

Ex. 123.25 mL + 46.0 mL + 86.257 mL = 255.507 mL


The answer is expressed as 255.5 mL since 46.0 mL has only one decimal 
place. 

Perform the following operations expressing the answer in the correct number of significant figures.

1) 1.32 m x 2.467 m = ___________

2) 1035m2 / 42m = ____________
3) 12.01 mL + 35.2 mL + 6 mL = ___________

4) 55.46 g - 28.9 g = ___________

5) .021 cm x 3.2 cm x 100.1 cm = ___________

6) 0.15 cm + 1.15 cm + 2.051 cm=____________
7) 150 L3 / 4 L = ___________

8) 505kg – 450.25 kg =______________
9) 1.252 mm x 0.115 mm x 0.012 mm=_______________
10) 1.278x103  m2 / 1.4267x102 m=______________
11)  A roadside picnic area is located at the 1453 km marker of a highway.  The next picnic area is at the 1615 km marker.  Calculate the distance between the two areas, and write the answer with the correct number of sig figs. _______________

12)  A small roll of double sided tape is 6.35 m long and 1.2 x 10-2 m wide.  What is the total area that could be covered by this roll of tape? Write the answer with the correct number of sig figs. _______________

13) A container is 45.675 cm tall, 18.75 cm wide, and 9.325 cm long.  Calculate the volume of the container, and write the answer using the correct number of sig figs. ____________________

14) Calculate the average speed of a race horse who ran 2011.68 m in 119.4 seconds.  ____________________

