Unit 0 – Review: Basic Scientific Measurement and Problem Solving Techniques
Learning Targets
		Objectives
	

	1. Recognize that instruments have a limit to their precision.  
a. Record the value a measurement in a manner consistent with the limit of precision of the equipment, i.e. length, volume, temperature, mass, etc.
b. Recognize the precision of the instrument from the correctly reported measurements.
	

	2. Determine the number of significant figures in a given measured value.
	

	3. Round off calculated values to the appropriate number of significant figures.

	

	4. Demonstrate use of scientific notation.

	

	5. Demonstrate use of graphing to evaluate laboratory data.  Be able to determine independent and dependent variables.  Be able to determine slope and equation of lines.

	

	6. Understand meaning of percent with regards to decimal, fractional and ratios

	

	7. Be able to use factor-label method to convert between metric units and proportional relationships
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	Concepts and Skills Review



There are two kinds of numbers in the world: 
· exact: 
· example: There are exactly 12 eggs in a dozen. 
· example: Most people have exactly 10 fingers and 10 toes. 
· inexact numbers: 
· example: any measurement.
If I quickly measure the width of a piece of notebook paper, I might get 220 mm. If I am more precise, I might get 216 mm. An even more precise measurement would be 215.6 mm. 
Reading Scales
[image: scales]




PRECISION VERSUS ACCURACY
Accuracy refers to how closely a measured value agrees with the correct value.
Precision refers to how closely individual measurements agree with each other.
	[image: mr-sf-1]
	[image: mr-sf-2]
	[image: mr-sf-3]

	accurate
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not accurate
	accurate
and
precise



In any measurement, the number of significant figures is critical. The number of significant figures is the number of digits believed to be correct by the person doing the measuring. It includes one estimated digit. So, does the concept of significant figures deal with precision or accuracy? 
Let's look at an example where significant figures are important: measuring volume in the laboratory. This can be done in many ways: using either a beaker with volumes marked on the side, or a graduated cylinder.  Which glassware would give you the most precise volume measurement? Let's figure out the volume for each one and its associated error. This will give us the number of figures that are significant. Recall: the number of significant figures includes one estimated digit. 

A rule of thumb: read the volume to 1/10 or 0.1 of the smallest division. (This rule applies to any measurement.) This means that the error in reading (called the reading error) is [image: plusmins]1/10 or 0.1 of the smallest division on the glassware. If you are less sure of yourself, you can read to 1/5 or 0.2 of the smallest division.

	Beaker
	[image: beaker]
	The smallest division is 10 mL, so we can read the volume to [image: plusmins]1/10 of 10 mL or [image: plusmins]1 mL. The volume we read from the beaker has a reading error of [image: plusmins]1 mL. 
The volume in this beaker is 47 [image: plusmins]1 mL. You might have read 46 mL; your friend might read the volume as 48 mL. All the answers are correct within the reading error of [image: plusmins]1 mL. 
So, How many significant figures does our volume of 47 [image: plusmins]1 mL have? Answer - 2! The "4" we know for sure plus the "7" we had to estimate. 



	Graduated
Cylinder
	[image: gradcyl]
	First, note that the surface of the liquid is curved. This is called the meniscus. This phenomenon is caused by the fact that water molecules are more attracted to glass than to each other (adhesive forces are stronger than cohesive forces). When we read the volume, we read it at the BOTTOM of the meniscus. 
The smallest division of this graduated cylinder is 1 mL. Therefore, our reading error will be [image: plusmins]0.1 mL or 1/10 of the smallest division. An appropriate reading of the volume is 36.5 [image: plusmins]0.1 mL. An equally precise value would be 36.6 mL or 36.4 mL. 
How many significant figures does our answer have? 3! The "3" and the "6" we know for sure and the "5" we had to estimate a little.


Conclusion: The number of significant figures is directly linked to a measurement. If a person needed only a rough estimate of volume, the beaker volume is satisfactory (2 significant figures), otherwise one should use the graduated cylinder (3 significant figures). 
So, does the concept of significant figures deal with precision or accuracy? Hopefully, you can see that it really deals with precision only. Consider measuring the length of a metal rod several times with a ruler. You will get essentially the same measurement over and over again with a small reading error equal to about 1/10 of the smallest division on the ruler. You have determined the length with high precision. However, you don't know if the ruler was accurate to begin with. Perhaps it was a plastic ruler left in the hot Texas sun and was stretched. You don't know the accuracy of your measuring device unless you calibrate it, i.e. compare it against a ruler you knew was accurate. Note: in the laboratory, a good analytical chemist always calibrates her volumetric glassware before using it by weighing a known volume of liquid dispensed from the glassware. By dividing the mass of the liquid by its density, she can determine the actual volume and hence the accuracy of the glassware. 
Rules for Working with Significant Figures: 
1. Leading zeros are never significant. 
Imbedded zeros are always significant. 
Trailing zeros are significant only if the decimal point is specified. 
Hint: Change the number to scientific notation. It is easier to see. 
2. Addition or Subtraction:
The last digit retained is set by the first doubtful digit. 
3. Multiplication or Division:
The answer contains no more significant figures than the least accurately known number. 

EXAMPLES: 
	
	Example
	Number of
Significant Figures
	Scientific Notation

	
	0.00682
	3
	6.82 x 10-3
	Leading zeros are not significant.

	
	1.072
	4
	1.072 (x 100)
	Imbedded zeros are always significant.

	
	300
	1
	3 x 102
	Trailing zeros are significant only if the decimal point is specified.

	
	300.
	3
	3.00 x 102
	

	
	300.0
	4
	3.000 x 102
	


EXAMPLES 
	Addition
	[image: addition]
	Even though your calculator gives you the answer 8.0372, you must round off to 8.04. Your answer must only contain 1 doubtful number. Note that the doubtful digits are underlined. 

	Subtraction
	[image: subtract]
	Subtraction is interesting when concerned with significant figures. Even though both numbers involved in the subtraction have 5 significant figures, the answer only has 3 significant figures when rounded correctly. Remember, the answer must only have 1 doubtful digit.

	Multiplication
	[image: multiply]
	The answer must be rounded off to 2 significant figures, since 1.6 only has 2 significant figures.

	Division
	[image: division]
	The answer must be rounded off to 3 significant figures, since 45.2 has only 3 significant figures.



Notes on Rounding 
· When rounding off numbers to a certain number of significant figures, do so to the nearest value. 
· example: Round to 3 significant figures: 2.3467 x 104 (Answer: 2.35 x 104) 
· example: Round to 2 significant figures: 1.612 x 103 (Answer: 1.6 x 103) 
	Question 1
	Give the correct number of significant figures for 
4500         __________
4500.        __________
0.0032      __________
0.04050    __________

	Question 2
	Give the answer to the correct number of significant figures:
4503 + 34.90 + 550 =  ____________ 

	Question 3
	Give the answer to the correct number of significant figures:
1.367 - 1.34 = _____________ 

	Question 4
	Give the answer to the correct number of significant figures:
(1.3 x 103)(5.724 x 104) = _________ 

	Question 5
	Give the answer to the correct number of significant figures:
(6305)/(0.010) = ________ 



Answers: (1) 2, 4, 2, 4 (2) 5090 (3 significant figures - round to the tens place - set by 550) (3) 0.03 (1 significant figure - round to hundredths place) (4) 7.4 x 107 (2 significant figures - set by 1.3 x 103) (5) 6.3 x 105 (2 significant figures - set by 0.010) 

Scientific Notation:
Scientific notation is the way that scientists easily handle very large numbers or very small numbers. For example, instead of writing 0.0000000056, we write 5.6 x 10-9. 
So, how does this work? 
We can think of 5.6 x 10-9 as the product of two numbers: 5.6 (the digit term) and 10-9 (the exponential term). 
Here are some examples of scientific notation. 
	10000 = 1 x 104
	24327 = 2.4327 x 104

	1000 = 1 x 103
	7354 = 7.354 x 103

	100 = 1 x 102
	482 = 4.82 x 102

	10 = 1 x 101
	89 = 8.9 x 101 (not usually done)

	1 = 100
	

	1/10 = 0.1 = 1 x 10-1
	0.32 = 3.2 x 10-1 (not usually done)

	1/100 = 0.01 = 1 x 10-2
	0.053 = 5.3 x 10-2

	1/1000 = 0.001 = 1 x 10-3
	0.0078 = 7.8 x 10-3

	1/10000 = 0.0001 = 1 x 10-4
	0.00044 = 4.4 x 10-4


As you can see, the exponent of 10 is the number of places the decimal point must be shifted to give the number in long form. A positive exponent shows that the decimal point is shifted that number of places to the right. A negative exponent shows that the decimal point is shifted that number of places to the left. 

In scientific notation, the digit term indicates the number of significant figures in the number. The exponential term only places the decimal point. As an example, 
46600000 = 4.66 x 107
This number only has 3 significant figures. The zeros are not significant; they are only holding a place. As another example, 
0.00053 = 5.3 x 10-4
This number has 2 significant figures. The zeros are only place holders. 
How to do scientific notation calculations: 
On your scientific calculator: 
Make sure that the number in scientific notation is put into your calculator correctly. 
Read the directions for your particular calculator. For inexpensive scientific calculators: 
1. Punch the number (the digit number) into your calculator. 
1. Push the EE or EXP button. Do NOT use the x (times) button!! 
1. Enter the exponent number. Use the +/- button to change its sign. 
1. Treat this number normally in all subsequent calculations. 
To check yourself, multiply 6.0 x 105 times 4.0 x 103 on your calculator. Your answer should be 2.4 x 109. 
Scientific Notation: 
	1
	Write in scientific notation: a) 0.000467             b)  32000000



	2
	Express 5.43 x 10-3 as a number.


	3
	(4.5 x 10-14) x (5.2 x 103) = ?


	4
	(6.1 x 105)/(1.2 x 10-3) = ?




Answers: (1) (a)4.67 x 10-4; (b) 3.2 x 107 (2)0.00543 (3) 2.3 x 10-10 (2 significant figures) (4) 5.1 x 108 (2 significant figures)  


Metric Conversions and Factor-Labeling Method
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: 
[image: mr-da-1]

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? 
[image: mr-da-2]
(2) Express 24.0 cm in inches. 
[image: mr-da-3]
You can also string many unit factors together. 
(3) How many seconds are in 2.0 years? 
[image: mr-da-4]
Scientists generally work in metric units. Common prefixes which we will be using are the following: 
	Prefix
	Abbreviation
	Meaning
	Example

	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



(4) Convert 50.0 mL to liters. (This is a very common conversion.) 
[image: mr-da-5]
(5) What is the density of mercury (13.6 g/cm3) in units of kg/m3? 
[image: mr-da-6]
We also can use dimensional analysis for solving problems. 
	Question 1
	How many millimeters are present in 20.0 kilometers?






	Question 2
	The volume of a wooden block is 6.30 m3. This is equivalent to how many cubic centimeters?
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Concepts and Skills Practice
[image: Worksheet 2 p1]
[image: Worksheet 2 p2]
[image: Worksheet 4 p1]
[image: Worksheet4 p2]


[image: Worksheet8 p1]
[image: Worksheet8 p2]
[image: graphing]
[image: graphing p2]




















Graphing Practice

Study the power point slides on graphing.  Follow the instructions there and plot the data in the table below on a piece of graph paper.  

	Time (s)
	Velocity (m/s)

	18
	4.0

	31
	7.5

	60.
	15.0

	120.
	25.0

	180.
	37.0

	240.
	45.0

	300.
	54.0



1. Draw a best-fit line.
2. Determine the slope of the line.
3. Estimate the y-intercept.
4. Write the equation of the line.

[image: Worksheet9 p1]
[image: Worksheet9 p2]  [image: Worksheet6 p1][image: Worksheet6 p2]
[image: 1-6 explore][image: sci metric measurements]


Unit 1: Worksheet 2 - Reading Scales
	For each of the following, write the scale reading, then the number of significant figures in the reading.
					     Reading	        SF’s
1.	[image: ]		  	
2.	[image: ]  	  	

3.	[image: ]	  	 

4.	[image: ]	  	

5.	[image: ]	  	

6.	[image: ]	  	

	7.	[image: ]	  	

	8. 	[image: ]	  	
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[image: ]
[image: reading thermometers]
Uncertainty in Measurements

1. Why are measurements always uncertain?



2. Why is estimation a necessary part of making measurements?



3. An electronic balance shows the mass of a sample of sodium chloride to be 29.732 g.  What is the uncertainty of measurement?  In what range can the true value exist?




[image: 1-5 apply]
4.  








5.








6.
[image: sig fig]
[image: sig fig honeycombs]
[image: sig fig calc]
[image: scientific notation]
[image: metrics and measurement]Unit 1 - Worksheet 6  Dimensional Analysis

Use the factor-label method to make the following conversions.  Remember to use the appropriate number of sf’s in your answer.

Part 1 

1.	74 cm  x  				 =  		 meters


2.	8.32 x 10-2 kg  x 			 		= 			 grams


3.	55.5 mL  x 					 = 			cm3


4.	0.00527 cal x  				 = 			 kilocalories


5.	9.52 x 10-4 m  x  					 = 			 micrometers


6.	41.0 mL  x  					 = 			 liters


7.	6.0 x 10-1 g  x  				 = 			 mg


8.	8.34 x 10-9 cg  x  				 = 			 g


9.	5.0 x 103 mm  x  				 = 			 m


10.	1.0 day  x  		 	 x  	    	    x  			 = 		 seconds


11.	5.00 x 104 mm  x  			 x  			 = 		 km


12.		9.1 x 10-13 kg  x  		 	 x  			 = 		 ng
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13.	1.0 year  x 				 x 			 = 		 hours (approximately)

		(assume 365 days a year)


14.	1.0 mile  x  				 x 			 = 			 inches

		(Hint: 1 mile = 5280 feet)


Part 2
1.	How many nickels could you trade for 250 yen? $1 = 150 yen.




2.	How many seconds in a year? (assume 365 days a year)




[bookmark: _GoBack]3.	Chloroform is a liquid once used for anesthetic. What is the volume of 5.0 g of chloroform?  The density of chloroform 1.49 g/mL




4.	How many inches long is a football field (120 yards)?  




5.	How many mg is 59.0 kg? Express your answer in scientific notation.




6.	How many m3 is 4.6 cm3.?  Express your answer in scientific notation.
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Problem-Solving Worksheet 2

Significant Figures

Some numbers are exact and some are not. For example, there are exactly 100 centimeters in
1 meter. Numbers that are obtained by making measurements are not exact. These numbers must
be rounded off to the appropriate number of significant figures.

Counting Significant Figures

In numbers written with decimal points, count significant figures from the left, beginning with the
first nonzero digit. For example, 0.0370 has three significant figures, and 20. has two significant
figures. In numbers written without decimal points, count significant figures from the right,
beginning with the first nonzero digit. For example, 400,900 has four significant figures.

Rounding

When you calculate with inexact numbers, you must round off your answers to the correct number
of significant figures. When rounding to a digit, round down if the next digit is 0, 1, 2, 3, or 4.
Round up if the next digitis 5, 6,7, 8, or 9.

Calculating With Significant Figures
When you add or subtract numbers written with significant figures, your answer can only be as
exact as the least exact number. Round your answer to the same number of digits as the number
with the smallest number of significant figures.

Example 1
Add 4.1 cm t0 0.07 cm. (Both numbers are inexact and obtained from measurements.)

Solution

The answer is 4.2 cm. When we add, we get 4.17 cm. We round this off to the tenths place because
4.1 cm is the least exact number in the calculation.

When you multiply or divide numbers written with significant figures, round your answer to the
same number of digits as the number with the fewest significant figures in the calculation.

Example 2
Divide 7.079 cm by 0.53 5. (Both numbers are inexact and obtained from measurements.)

Solution

The answer is 13 cm /s. When we divide, we get 13.3566037 cm/s. We round this to two significant
figures, because 0.53 s has only two significant figures.
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Problem-Solving Worksheet 2 (continued)

Exercises

Indicate the correct number of significant figures in each of the measurements listed below.
1. 0.23100 cm,

2.23100g
3. 231005

4.7203cm/g

Express the results of each of the following calculations to the correct number of significant figures.
Assume that the numbers in these calculations are inexact and are obtained from measurements.

5. 3.20g +0.03 8. 4302 g + 0.837
& 8 8 8

6. 100s-13s 9. 57 cm x 0.20 cm

7. 100. cm - 1.6 cm 10. 10.25 + 0.4
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Problem-Solving Worksheet 4

Scientific Notation

Chemists use scientific notation to write very small and very large numbers. Scientific notation
allows a very large or very small number to be written as a number between 1 and 10 multiplied
by a power of 10. By expressing numbers in this way, scientific notation makes calculating easier.

The most common number that is raised to an exponent is 10. For any positive whole number 1,
10" is 1 followed by  zeros. For example, 102 = 100; 10° = 1000; and 10° = 1,000,000. The exponent
tells you how many zeros come after the 1. Any number raised to the zeroth power is 1, s0 10° = 1.
When 10 is raised to a negative power, the exponent tells you how many places after the decimal
point to place the 1. For example, 10~ = 0.1; 10~ = 0.001; and 10~ = 0.00001.

Expressing Numbers in Scientific Notation

To express a number such as 137,000,000 in scientific notation, first write down the significant
digits, with a decimal point after the first digit: 1.37. Then count how many places you moved the
decimal point. To get 1.37 from 137,000,000, the unwritten decimal point was moved 8 places to
the left. Thus you need to multiply 1.37 by 10%: 137,000,000 = 1.37 x 105,

Similarly, to express a small number such as 0.00290 in scientific notation, move the decimal point
3 places to the right and multiply by 10->. The result is 2.90 x 10-3.

Calculating in Scientific Notation

To multiply two numbers written in scientific notation, first multiply the factors that are not
powers of 10. Then multiply the powers of 10 by adding their exponents. If the answer is not in
scientific notation, rewrite it in scientific notation. Remember to round your answer to the correct
number of significant figures.

Example 1
Multiply 3.7 x 102 by 5.1 x 10%.

Solution

First multiply 3.7 by 5.1 to get 18.87. Then multiply 102 by 103 to get 10°. Then round 18.87 x 105
to two significant figures and rewrite the answer in scientific notation. This gives 1.9 x 106.

To divide numbers written in scientific notation, first divide the factors that are not powers of 10.
Then divide the powers of 10 by subtracting exponents. If the answer is not in scientific notation,
rewrite it in scientific notation.

Example 2
Divide 2.3 x 10 by 4.6 x 10-5.

Solution

Divide 2.3 by 4.6 and 10~ by 10-°. This gives 0.50 x 10~ = 0.50 x 10%. In scientific notation, the
answer is 5.0 x 102,




image21.jpeg
Problem-Solving Worksheet 4 (continued)

To add or subtract numbers written in scientific notation, first change the numbers so that they are
both expressed to the same power of 10. Then add or subtract the factors. The exponent does not
change for an addition or subtraction. If your answer is not in scientific notation, rewrite it in
scientific notation.

Example 3
Add 9.67 x 102 and 8.5 x 10%.

Solution

First convert the numbers so that the powers of 10 are the same. For example, change 8.5 x 107 to
85 x 102 Then add. This gives 94.67 x 102 This is not in scientific notation; rewrite it as
9.467 x 10°. Rounding to the tenths place (because 8.5 x 107 is the least exact number in the
calculation) gives 9.5 x 103

Example 4
Subtract 8.08 x 107 from 2.07 x 105,

Solution

First convert the numbers so that the powers of 10 are the same. For example, change 2.07 x 10~
10 207 x 10-6. Then subtract. This gives 12.62 x 10-. In scientific notation, this is 1.262 x 10-5.
Rounding to the hundredths place (because 2.07 x 105 is the least exact number in the calculation)
gives 1.26 x 105,

Exercises

Express each of the following numbers in scientific notation.
1. 239,000,000,000
2. 0.0000158
3.738

4. 0.020
5. 4200

Perform the calculations below. Then express your answers in scientific notation.

6. Multiply 7 x 102 by 1.2x 10°. 9. Subtract 3.6 x 105 from 45 x 107.

7. Divide 3.6 x 102 by 4.8 x 10°. 10. Multiply 7.2 x 102 by 5.1 x 103,

8. Add 8.75 x 10* to 2.513 x 10°.
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Problem-Solving Worksheet 8

Dimensional Analysis

Since chemistry deals with physical objects and numbers obtained from measurements, most
numbers used in chemistry come with units. Chemists use such numbers as 23.5 grams,
7.0 seconds, and 8.2 cm? Units are sometimes called dimensions. Keeping track of units during
calculations s called dimensional analysis.

Calculating With Units
When you multiply or divide numbers with units, you also multiply or divide the units. For example,
3cemx2em=6em?, and 325 +4 £ =8. You can cancel units the way you cancel the numerators
and denominators of fractions. |

Example 1
Multiply 7 cm? by 8 cm.
Solution

First multiply 7 x 8 = 56; then multiply cm? x cm = cm?®. Rounding 56 cm? to 1 significant figure
gives 60 cm?.

Example 2
Convert 3.72 hours to seconds.
Solution B w
60min , _60s  _
372kt x: Tht R =y 13,392s.

Rounded to three significant figures (the conversion factors are exact numbers), the answer is
13,400 s.

When adding or subtracting numbers with units, remember that you can only add or subtract
numbers that have the same units.

Example 3
Add 13.0gt057s.

Solution

This problem cannot be solved. Grams measure mass, while seconds measure time. Units of mass
cannot be added to units of time.
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Problem-Solving Worksheet 8 (continued)

Example 4
Add 0.735 m to 4.1 cm.

Solution

These numbers can only be added if you convert them so that they have the same units. To convert

0.735 meters to centimeters, multiply by the conversion factor 100.cm_ ‘00 m

0.735 pr x 100.em = 735
X ==L Tt cm

Now add the numbers: 73.5 cm
+4.1cm

Tm

77.6 cm. Rounded to two significant figures, the answer is 78 cm.

Exercises

1. Convert 0.000830 m to cm. i 6.
2. Convert7.56 kg to g. 7.
3. Convert 1.98 kg/m? to g/cm®. 8.
4. Convert 4.02 hours to seconds. 9.
5. Convert217 m/s to‘cm/s. 10.

Add 9.78 m to 345 cm. Express your
answer in centimeters.

Multiply 5.2 cm by 1.0 cm.

A substance has a density of 3.2 g/cm?.
What is the mass of a sample of this
substance with a volume of 0.81 m*?

Multiply 31 cm/s by 25 s.

A substance has a density of 5.4 g/cm?,
Another substance has a density of

5.4 kg/m® Which substance has the
greater density?
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Graphing

The relationship between two variables, or
changing quantities, is easily illustrated by
‘means of a graph. Values of such variables are
often obtained during an experiment. Then,
when the plotted curve is examined, the nature
of the relationship, should one exist, is revealed.

Dependent and Independent
Variables

When preparing to graph data, you must first
decide which variable is indépendent and
which one is dependent. The independent
variable is the one that changes without being
directly affected by the other. The dependent
variable is the one that changes as a result of
changes in the independent variable. The point
of graphing is to discover how the dependent
variable changes with respect to changes in the
independent variable. For example, suppose
you are studying how the mass of a given
Teactant changes with time during a chemical
reaction. Time, in this case, i the independent
variable; its change is not dependent upon the
‘mass of reactant. The mass is the dependent
variable, since it changes as time passes, or
“with respect to” time.

Labeling the Axes

A graph consists of two principal lines, called
axes, that lie at right angles to each other. The
independent variable is shown along. the
horizontal, or left-to-right axis of the graph.
‘This axis is called the x-axis. The dependent
variable is shown along the vertical, or up-
and-down axis. This axis is called the y-axis.

The variable being plotted on each axis must
be identified by a label. For example, the y-axis
of the mass-versus-time graph (shown at
right) for the reaction suggested above may be
labeled “Mass of Reactant (g).” The symbol in
parentheses indicates the unit of measure—in
this case, grams. The x-axis of this graph
may be labeled “Time (min),” since the
independent variable is measured in minutes.

© Pronica-Hall Inc.

Each axis is then subdivided to form a
numerical scale of equal intervals, so that the
total range of expected values is shown along
the axis.

Suppose you are given the data shown in the
table.

Time (min)  Mass of Reactant (g)
0 98
1 49
2 25
3 12
4 06
5 03
6 01

In this example, the numerical values for the
y-axis represent the numbers of grams of
reactant. Note that the maximum number of
grams is nearly 10 and that at the end of the
reaction almost no reactant remains. The
choice of a range of 0 to 100 g, therefore, would
not be wise. Since there are no mass-of-
reactant values greater than 9.8 g, a large area
would contain no points at all and the actual
graph would be confined to a very small area
This would make exact relationships between
the two variables difficult to determine. A
good choice for the vertical scale would be a
range from 0 through 10 g. The time scale
should range between 0 and 6 minutes, for this
is the total range of the data.

y
£
10\

Mass of
Reactant (g)

\C A

CuNBANON®DO

123456 «x
Time (min)
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Graphing (continued)

Plotting Points
The graph is plotted by locating a point
corresponding to each pair of values. For
example, the point corresponding to the third
data pair (2 min, 2.5 g) is directly above 2 on the
x-axis and directly to the right of 25 on a line
parallel to the y-axis. Note in this case that the
position of the y-value must be estimated: 25 is
one-half of a unit above 2 on the vertical scale.

Drawing a Smooth Curve

Study the shape or pattern made by the seven
data points. In this case they lie along a curve
that extends from upper left to lower right.
The curve is steeply sloped near its left end
and flattens out near its right end. The curve
has been drawn smoothly so that it passes
through or close to all the points plotted. In
cases where the points seem to lie on a curve,
it would be wrong to draw straight lines
between each pair of points. There is some
degree of uncertainty in each measurement.
The smooth curve best represents the
relationship between the two variables.

Equation of a Curve
What does the curve show? For the reaction
under consideration, it indicates that as time
passes, the mass of reactant decreases in a
uniform way. This type of relationship is said
to be an inverse relationship. As the value of
one variable increases, the other decreases,

If you studied the curve very carefully, you
might eventually come up with a
‘mathematical equation, containing an x and a
y. Equations for curves such as this one,
however, are difficult to derive. Straight line
curves, such as those obtaiped in the case of
direct relationships, are much simpler to
express  mathematically. In a direct
relationship, each varidble increases by the
same relative amount. Such curves are
described by the general equation y = mx + b,
where m is a constant equal to the slope of the
curve (the amount of change in y divided by
the amount of change in x between the same
two points), and bis the coordinate of the point
at which the curve crosses the y-axis. For

22 Laboratory Safety and Skills

example, the equation for the straight line
shown in the graph below is y = Lx +1.
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Problem-Solving Worksheet 9

Interpreting Graphs

Chemists often express information by means of graphs. A graph illustrates the relationship
between two variables, or changing quantities. Chemists often use graphs to report the results of
experiments. In an experiment, the chemist changes one variable (called the independent variable)
and observes changes in another variable (called the dependent variable). The independent
variable is the one that changes without being directly affected by the other. The dependent
variable is the one that changes as a result of changes in the independent variable.

A graph consists of two lines, or axes, that lie at right angles to each other: a horizontal axis (often
called the x-axis) and a vertical axis (often called the y-axis). The independent variable is shown
along the horizontal axis while the dependent variable is shown along the vertical axis. When the
data are plotted on the graph, the resulting line or curve shows how the dependent variable
changes with respect to changes in the independent variable.

y-axis
dependent
variable 400
2
; - 350
2L
E 300
250
. ; . . xeaxis
1 2 3 4
Time (hr)

independent variable

In the graph above, the independent variable is time (measured in hours) and the dependent
variable is temperature (measured in kelvins). The chemist does not control time but does control
the times at which measurements are made. Thus time is the independent variable. Because the
temperature changes with fime, temperature is the dependent variable.
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Problem-Solving Worksheet 9 (continued)

Reading a Graph

Suppose that you wanted to use the graph on the previous page to determine the temperature of
the substance after 2 hours. To figure this out, look on the x-axis for the mark that represents 2
hours. Draw a vertical line from the 2-hour mark to the line on the graph. Then draw a horizontal
line from the point where your first line hits the graph to the y-axis (see below).

yaxs
dependent
variable 400
2
2 350
|-
(13
5 300
250
: x-axis
t T T
2 3 4
Time (hr)
independent variable

You will find that the horizontal line hits the y-axis between 250 K and 300 K, at about the 280 K mark.

Example 1
At what time was the temperature of the substance 350 K?

Solution

To answer this question using the graph, draw a horizontal line from the 350 K point on the y-axis.
It hits the graph in one place. Draw a vertical line from this place to the x-axis. The vertical line
hits the x-axis a little to the left of the 4-hour mark, at about 3 hours and 45 minutes.

yaxs
dependent
variable 400
s
2 30
‘9L
£ a0
&
250
T T T T xaxs
1 2 3 4
Time ()

independent variable
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Problem-Solving Worksheet 6

Percent

The fraction ;5 can be expressed as 0.06 in decimal form. It can also be expressed in another way,

known as percent. The percent symbol (%) represents hundredths. Thus 6% means 6 hundredths.

Similarly, 100% means 100 hundredths (193), or one whole.

Converting Fractions, Decimals, and Percents
To convert a decimal to a percent, move the decimal point two places to the right and add a percent
sign. For example, 0.12 = 12%; 0.0003 = 0.03%; and 2.5 = 250%. To convert a fraction to a percent,
first convert the fraction to a decimal by dividing the numerator by the denominator. Then convert
the decimal to a percent. For example, % = 0875, or 87.5 %.

To convert a percent to a decimal, remove the percent sign and move the decimal point two places
to the left. For example, 54% = 0.54, and 0.05% = 0.0005. To convert a percent to a fraction, remove
the percent signa and write the number as the numerator. Use 100 for the denominator. For example,

% 1
20% =2, or L

Percentage Composition

Percents are also used by chemists to express the percentage composition of compounds. The
percentage composition of a compound is the mass of each element in the compound divided by
the total mass of the compound, multiplied by 100 percent.

Example 1
How many grams of calcium are in a 12.0-gram sample of a substance that s 40.5% calcium?

Solution

Since the substance is 40.5% calcium, find 40.5% of the total mass of 12.0 grams. This is
0.405 x 12.0 grams, or 4.86 grams.

Example 2

A compound contains 2.128 grams of chlorine and 1.203 grams of calcium. What percent of the
compound by mass is calcium?

 Solution
The percentage by mass of calcium in the compound can be calculated using the formula
mass of calcium
Thass of compound
2128g+1203 g or3331 g.
_massof calcium __ 1.203g *
‘mass of compound ~ 3.331 g

and expressing the answer as a percent. The mass of the compound is

=0.3612, or 36.12%.

Exercises

1. Express -as a percent, to three significant figures.
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Problem-Solving Worksheet 6 (continued)

2. Express 0235 as a percent.

3. Express 0.012% as a decimal.

4. What is 20.5% of 382 grams?

5. Express 3} as a percent, to three significant figures.

6. How many grams of sodium are in a 15.0-gram sample of a substance that is 12.5% sodium?

7. A solution contains 120 grams of water and 2.5 grams of salt. What percent of the solution
by mass is salt?

8. An 18.3-gram sample of a substance contains 5.12 grams of carbon. What percent of the
substance by mass is carbon?

9. The percent error of a measurement can be computed using this formula:
[measured value - accepted value expressed as a percent
accepted value
Suppose that the’accepted value of the mass of an object is 5.00 grams. You measure its mass

and get 5.02 grams. What is the percent error of your measurement?

10. Express 45% as a fraction.




image30.jpeg
- 1-6 Explore

Paper Clip Patterns

In this activity you will explore why measurements involve a degree of uncertainty.

Materials (per studerit)
paper clip

Procedure

1. Measure the length of a paper clip on each ruler pictured below. The measurements will not

be identical. Write your answers in the space provided.
o length of paper clip
B

i1 2 3 4 5 6 7 8 9 10 “zD length of paper clip
‘ \ Lo —

—. ; )
1 2 3 4 5 6 7 8 9 10 1 <D length of paper clip
sttt bt > - ———om

Questions

1. Were all of your measurements identical? Explain.

2. Which measurement required the greates} amount of estimation? Explain.

3. How do your measurements indicate this difference in the degree of estimation needed?
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SCIENTIFIC MEASUREMENT
Measuring In The Metric System

n hefght =
length =
width =

10 20 30 40 50 . 70 80 90 100
100 200 300 . 500 600
S e e e Mas et aas e et o ety T e
1 2 3 4 5 3 7 ] 8 9 0

3 grams

S. Meesure the lengths of these lines.

€— volume of

a)
water end metel

L [ —
«— volume of
water alone )

d)  ———

4. What is the volume of the metal?

SCIENTIFIC MEASUREMENT ©1933 United Learning
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READING THERMOMETERS Name

What temperature is indicated on each of the thermometers below?

4 80 ) = 20
HE E
i 5
. JE° ' °
-5
i_ -0 = o
a ) 5}
29 —JE—20
28 - —20
21 10
26 )
" 25 -0
)] [ — n
JF—20 A5 3 F— oo
— 10 i‘ F—o JE—a
o 4 F—-5 98
JE
-0 = F—-10 a7
-20) -5 %
[} Qe —— n) s n

o
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Luis is performing an experiment with table salt. He uses an electronic balance with a digital
display that reads masses to one tenth of a gram. Luis finds the mass of two samples. For each
sample, the balance reads 1.2 g. Luis thinks the two samples have identical masses. Explain
why this conclusion might not be true.

A laboratory procedure calls for three samples of baking soda. The mass of each sample should
be 1.3 £ 0.1 g. Victoria, being a careful student, spends 10 minutes measuring out each sample,
making sure the balance reads 1.300 g for each. Victoria is confident that she is doing good
work, but she runs out of time, and her teacher deducts points for bad lab technique. What
was wrong with Victoria’s technique?

Kyle and Beth are using a graduated cylinder to measure the
volume of a liquid. The graduated cylinder is marked with
graduations of one-tenth milliliter. Kyle reads the volume of
water to be 9.7 mL. Beth argues that the measurement is not
9.7 mL, but 9.76 mL. The graduated cylinder is shown in the
picture. Which measurement is correct? Explain.
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SIGNIFICANT FIGURES

~easurement can only be as accurate and precise as the instrument that produced it.
A sclentist must be able to express the accuracy of @ number, not just its numerical value.
We can determine the accuracy of a number by the number of significant figures it

Name

contains.

n

2)

3)

4)

5)

All digits 19 inclusive are significant.

Example: 129 has 3 significant figures.

Zeros between significant digits are always significant.
Example: 5,007 has 4 significant figures.

Trailing zeros in @ number are significant only if the
number contains a decimal point.

Example: 100.0 has 4 significant figures.
100 has 1 significant figure.

Zeros In the beginning of a number whose only function

is o place the decimal point are not significant.

Example: 0.0025 has 2 significant figures.

Zeros following a decimal significant figure are

significant.

Example: 0.000470 has 3 significant figures.

0.47000 has § significant figures.

Determine the number of significant figures in the following numbers.

1002 6. 5000 ___

2. 0020 7. 605100
3 801 8 00005
4, 5010 9. 01020

5. 5,000 10. 10001

Determine the location of the last significant place value by placing a bar over the digit.

(Example: 1.700)

1. 8040 6. 90,100
2. 0.0300 7. 47x10°
3. 6995 8. 10,800.,000.
4. 2.000x 107 9. 301x107
5. 0.90100 10. 0.000410
Chemistry IF8766 9 einstructional Fair Inc.
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4

Significant Honeycombs

Evaluate the number of significant figures in each honeycomb. Find the cluster of seven
honeycombs that each have numbers with three significant digits:

4,000 3.6940 x 10' 0.00900 697.0
aoomoz 24x10\ 763.0
< 1420 600. /8,470340 10 >
0900 / 070 5,000
<967 320 0.0096090 0.000629 o.oéno>
5,000. \ 462x m\ 353
2,696.40 0.0004880 / 888 3,000.000
/ 3 \ 1.00x10*
< L1 x10° / 10934 o.ososo>
00000340 /777,000\ 0.400
002 /yvoo x10° / 3.4004 25
5410 / 800 \ 0.00005
<6390 / 241 8.935.00 499 >
940 / 0.0301 0.00300
<17s x 109 / 100 8.0900 x 107 370 >
0 oo927\ / 732 \ 270

GAMES FOR SCIENCE EDUCATION 724-853-1182  www.gamesforscience.com
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CALCULATIONS USING Name
SIGNIFICANT FIGURES

When multiplying and dividing, limit and round to the least number of significant figures ..
any of the factors.

Example 1: 23.0cm x 432cm x 19cm = 188,784 cm?

The answer is expressed as 190,000 cm? since 19 cm has
only two significant figures.

‘When adding and subtracting, limit and round your answer to the least number of decima
places in any of the numbers that make up your answer.

Example 2: 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.

;’_erfcrm the following operations expressing the answer in the correct number of significani
igures.
gw. 1.35m x 2467 m =

2. 1,035m? + 42m =

3. 1201mL + 35.2r;'1L +6mlL =

4. 55.46g - 2899 =

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

6. 0.15cm + 1.15cm + 2.051cm =

7. 1801° + 4L =

8. 505kg - 450.25kg =

9. 1.252mm x 0.116mm x 0.012mm =

10. 1.278 x 10°m? + 14267 x 102 m =

Chemistry IF8766 10 ‘@instructional Falr, Inc
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SCIENTIFIC NOTATION Name. e e

Scientists very often deal with very small and very large numbers, which can lead to a iot
of confusion when counting zeros! We have learned to express these numbers as powers
of 10.

Scientific notation takes the form of M x 10" where 1= M < 10 and *n” represents the
number of decimal places to be moved. Positive n indicates the standard form is larger
than zero whereas negative n would indicate a number smaller than zero.

Example 1: Convert 1,500,000 fo scientific notation.

We move the decimal point so that there is only
one digit to its left, a total of 6 places.

1,500,000 = 1.5x 10%

Example 2: Convert 0.000025 to scientific notation.

For this, we move the decimal point 5 places to the -
right.

0.000025 = 2.5x 10%

(Note that when a number starts out less than one,
the exponent is always negative.)

Convert the following to scientific notation.

1. 0005 = 6. 025 =
2. 5080 = 7. 0025 =
3. 0.0008 = 8. 00025 =
4. 1,000 = 9. 500 =
5. 1,000,000 = 10. 5,000 =

Convert the following to standard notation.

115X 107 = 6. 335x10" =
2. 1.5x10% = 7. 1.2x10% =
3. 375x10% = 8. 1x10¢ =
4. 375x 10 = 9. 1x10" =
5 22x10° = 10. 4x10° =

Chemistry F8766 8 Ginstructiona Far, Inc.
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METRICS AND MEASUREMENT Name

In the chemistry classroom and lab, the metric system of measurement is used, so it is
important to be able to convert from one unif fo another.
mega Kkio hecto _deca | Basic Unit J deci ceni mili _micro
M 0 () @ gam@ p@ © m @
1000000 1000 100 10 liter (L) A 01 001 aoooot
100 100 10¢ g0 | meter(m) §ygr  q02  q00 o0

Factor Label Method
1. Write the given number and unit.
2. Set up a conversion factor (fraction used to convert one unit to another).
a. Place the given unit as denominator of conversion factor.
b. Place desired unit as numerator.
c. Place a *1" in front of the larger unit,
d. Determine the number of smalier units needed to make 1" of the larger unit.
3. Cancel units. Solve the problem.

Example 1: 55mm=___m Example2: 88km=___m
ssper| 1m  =0055m 88 1000m  =88000m
1000 gt 1kt
Example 3: 7000 cm = hm Example 4: 8 dal = d
7000cm|  1pt 1hm_ =07hm 8 et 0k 10dL_ =800dL
100om | 100

The factor label method can be used to solve virtually any problem including changes n
unifs. 1t Is especially useful in making complex conversions dealing with concentrations
and derived units.

Convert the following.-

N 8 mlL = d 6 450mg=_____g
2. 950¢ = kg 7. %em=_____mm
3, 275mm = om %, 0005kg = dag
\'\,DUGL= kL 9. 0076m=____ cm
5, 1,000mL = L 0. 65g=____ mg

Cremsty 765 7 Ginstuciona Far, inc
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