
Chemistry as a Science
Unit 1



Great moments in chemistry: The discovery 
of the element of surprise.
(Larson, G. (1984). Beyond the Far Side. New York: Andrews & McMeel, Inc).


Unit 1 Outcomes

Show the ability to organize scientific data in both table and graph for in a manner accepted by scientists
Know, understand and demonstrate lab safety rules, the proper handling of materials, methods of disposal and methods to avoid chemical contamination.
Demonstrate knowledge of common metric conversions by solving word problems.
Demonstrate the ability to form derived units from base units by solving word problems.
Understand the reasons for and the use of significant figures, scientific notation, percent error, and dimensional analysis by solving word problems and applying those concepts in lab activities.
Show the ability to identify and select the proper measuring tool for laboratory situations and to express measurements in a manner that shows an understanding of measurement error and significant figures. 


Dimensional Analysis & Significant Figures
Problem Sheet
1. Solve the following problems and express your answer in the correct number of significant figures. 

a. 3.894  x  2.16 =
b. 2.96 + 8.1 + 5.0214 =
c. 2.17 + 4.32 + 401.278 + 21.826 =
d. 485  9.231 =
e. 2.46  x  2  =
f. 9.146  -  9.137 =
g. (5.12 x 104)  x  (6.8726 x 10-9) =

Do the following conversions. Show your work with all appropriate units:
2. How many miles will a person run during a 10.0 kilometer race?


3. The moon is 250,000 miles away from the earth. How many feet is it from the earth?


4. A family pool holds 10,000 gallons of water. How many cubic meters is this (round your answer to two sig figs)?


5. The average Wisco student is in class 262 minutes/day. How many hours/day is this? How many seconds/day is this?


6. How many seconds are there in one (1.00) year?


7. Lake Michigan holds 1.3 x 1015 gallons of water. How many liters is this?


8. Pepsi One has 355 mL of soda in the can. How many drops is this (20 drops = 1.0 mL)? How many cubic meters is this (hint: 1cm3 = 1 mL)?


9. Milwaukee uses 1.2 x 108 gallons of water/day. How many gallons/second must be pumped to supply the city with water?


10. A car is traveling at 60. miles/hr. How many feet/second is this? A child steps out in front of this car. A person can normally react and apply brakes within 1/10th of a second. If the driver has a normal reaction time, how far will the car travel, in feet, before the driver begins to brake?  If the driver has been drinking and his reaction time has been slowed to ½ second, how far will the car travel, in feet, before the driver applies the brakes?


11. Lake Michigan holds 1.3 x 1015 gallons of water. If just Milwaukee removed water from the lake and it never rained again, how many days would the water last (Milwaukee uses 1.2 x 108 gallons of water per day.)? How many years would the water last?


12. The speed of light is 3.0 x 108 meters/sec. What is this speed in miles/hour (1 mile = 1.609 km)?


13. The speed of sound is 740 miles/hr. What is this speed in meters/second?


14. In order to control epileptic seizures in his dog (Moose), Mr. Sebald must give the dog daily doses of Potassium Bromide (KBr). The recommended daily dose is 25 mg of KBr/kg of body weight (the dog’s body weight…not Mr. Sebald’s). Moose has a weight of 96.5 lbs. How many grams of KBr should be given to the dog each day? Mr. Sebald buys 250.g of KBr. How many days will that last?


15. Every three times a student cleaned her bedroom her mother made her an apple pie. She cleaned her bedroom 9 times. How many apple pies does her mother owe her (What? Your mother doesn’t reward you for cleaning your bedroom? Aren’t there child labor laws?)?


16. A Wisco senior was applying for college and wondered how many applications she would need to send. Her counselor explained with her excellent grade in chemistry she would be accepted to every three schools she applied to [3 applications = 1 acceptance]. She realized that she would have to write three essays for each application [1 application = 3 essays] and each essay would require 2 hours of work [1 essay = 2 hours]. Writing essays is hard work. For each hour of essay writing she would need to expend 525 calories [1 hour = 525 calories] which she could get from her mother’s apple pies [ 1 pie = 1000 calories]. How many times would she need to clean her room to gain acceptance to 10 colleges (hint: see problem 4).  I’ll get you started:  10 acceptances  x …..



17. Because you never learned dimensional analysis, you have been working at a fast food restaurant for the past 30 years wrapping hamburgers. Each hour you wrap 185 hamburgers. You work 8 hours per day, 5 days a week. You get paid every 2 weeks with a salary of $650.50. How many hamburgers will you have to wrap to make your first one million dollars? (This is an example of a closed loop problem: If you can solve the problem you would not be working there. If you are working there you can’t solve the problem. I have decided to overlook this impasse and allow you to solve this problem anyway.)

 (
Chicken Conversions
(Compiled from Poultryhelp.com)
)
 Do the following conversions. Show all your work with units and significant figures.

1. The largest chicken egg on record was nearly 12 oz. How many grams was this egg? How many milligrams was this egg?

2. The record for laying the most eggs in one day was seven! How many eggs per hour was this?

3. The longest distance flown by any chicken was 301 ½ feet. How many meters is this?

4. Alektorophobia is the fear of chickens. Nothing to do here. Just thought you would like to know.

5. Laid head to claw, KFC chickens consumed worldwide would stretch some 275,090 miles. How many meters is this (report your answer to three significant figures)?

6. A chicken can travel up to 9.0 miles per hour. How many meters per second is this?

7. The longest recorded flight of a chicken was 13 seconds. How many milliseconds was this?

8. The average hen produces 0.20 pounds of manure per day. How many grams of manure does a hen produce per day? How many grams of manure does a chicken produce in a year?

9. 30,000 laying hens will produce 520 tons of manure per year. How many kilograms of manure will these chickens produce in one year?

10. The waste produced by one chicken in its lifetime can light a 100-watt light bulb for 5 hours. How many chickens would be needed to light the same bulb for 123 hours?

11. For proper chicken health, it is recommended that each chicken be given 5.0 ft2 of coop space. How many square meters is this?




Are Significant Figures Important? A Fable

A student once needed a cube of metal which had to have a mass of 83 grams. He knew the density of this metal was 8.67 g/mL, which told him the cube's volume. Believing significant figures were invented just to make life difficult for chemistry students and had no practical use in the real world, he calculated the volume of the cube as 9.573 mL. He thus determined that the edge of the cube had to be 2.097 cm. He took his plans to the machine shop where his friend had the same type of work done the previous year. The shop foreman said, "Yes, we can make this according to your specifications - but it will be expensive." 
"That's OK," replied the student. "It's important." He knew his friend has paid $35, and he had been given $50 out of the school's research budget to get the job done. 
He returned the next day, expecting the job to be done. "Sorry," said the foreman. "We're still working on it. Try next week." Finally the day came, and our friend got his cube. It looked very, very smooth and shiny and beautiful in its velvet case. Seeing it, our hero had a premonition of disaster and became a bit nervous. But he summoned up enough courage to ask for the bill. "$500, and cheap at the price. We had a terrific job getting it right -- had to make three before we got one right." 
"But--but--my friend paid only $35 for the same thing!" 
"No. He wanted a cube 2.1 cm on an edge, and your specifications called for 2.097. We had yours roughed out to 2.1 that very afternoon, but it was the precision grinding and lapping to get it down to 2.097 which took so long and cost the big money. The first one we made was 2.089 on one edge when we got finshed, so we had to scrap it. The second was closer, but still not what you specified. That's why the three tries." 
"Oh!" 

http://chemteam.info/SigFigs/SigFigsFable.html



Mystery of Orbiter Crash Solved
By Kathy Sawyer 
Washington Post Staff Writer 
Friday, October 1, 1999; Page A1 
	
NASA's Mars Climate Orbiter was lost in space last week because engineers failed to make a simple conversion from English units to metric, an embarrassing lapse that sent the $125 million craft fatally close to the Martian surface, investigators said yesterday. 
Officials are scrambling to determine whether a similar error is buried in the computer files of two other spacecraft currently cruising through space: the Mars Polar Lander, scheduled to hit the Martian surface on Dec. 3, and the Stardust craft bound for a comet. [image: Mars Orbiter](AP photo)
It now appears the error had affected the orbiter mission from its launching almost 10 months and 416 million miles before its Sept. 23 failure. And yet the problem was never caught and corrected by the system of checks and balances at the Jet Propulsion Laboratory (JPL) in California, which manages this and numerous other interplanetary missions for NASA. 
As a result, flight controllers believe the spacecraft plowed into the Martian atmosphere, where the stresses crippled it, aborted its insertion into Martian orbit and most likely left it hurtling on through space in an orbit around the sun. 
Baffled NASA officials said they were struggling to figure out how this happened, and bracing themselves for an onslaught of derision. 
"Our inability to recognize and correct this simple error has had major implications," said JPL director Edward Stone. 
The initial error was made by contractor Lockheed Martin Astronautics in Colorado, which, like the rest of the U.S. launch industry, traditionally uses English measurements. The JPL navigation team, on the other hand, uses metric measurements in the complex business of figuring out a spacecraft's position relative to moving planets and keeping it on course. The contractor, by agreement, is supposed to convert its measurements to metrics. 
However, officials said, this simple error should not have cost them a spacecraft. Investigators are collecting information about whether concerns were raised by anyone during the mission but ignored, whether proper procedures were followed, and in general how both human and computer monitors failed to detect the problem. 
"We are revisiting all the files from day one," said JPL's Charles Elachi, director of space and earth sciences. "We want to get to the bottom of this and fix it." 
The initial error occurred in computer files forwarded regularly by Lockheed Martin to JPL navigators, according to Elachi's deputy, Tom Gavin. The wrong numbers referred to tiny thruster firings performed routinely twice a day. The navigators, in turn, performed their analysis of the spacecraft's position in space based on the assumption that the descriptions of these firings were in metric units of force per second (newtons). In fact, the numbers instead represented pounds (of force per second). This led to tiny miscalculations of the spacecraft's course that compounded over time. There were subtle clues in the data that something was off, but no one recognized the cause until yesterday. 
Officials said there will likely be no personnel firings over the failure. As one put it, the emphasis will not be in "pointing fingers and dealing out punishment," but in "figuring out how the process failed and fixing it." Two separate panels are looking into the failure, including an internal JPL group and a review board consisting of both JPL and outside experts. An independent NASA group will be formed shortly. 
The orbiter was one in a series of missions being dispatched to Mars every two years, under NASA's recently adopted "faster, smaller, cheaper" philosophy. NASA officials rejected suggestions that the failure reflects badly on that approach. Historical failure rates for billion-dollar missions of the past, and the smaller, more frequent missions of today, are similar -- about 10 percent, they said. 
Under the discarded system of flying huge and complex missions only once in a decade or so, a loss was more devastating, officials said. In this case, they have the surveyor in Martian orbit and the lander on its way. 
This eases the sting of the talk show jokes that are bound to fly concerning the foolishness of the mistake, said Carl Pilcher, NASA's chief of solar system exploration. "Oh, God, there's nothing we can do about that. We'll live through it. . . . Then we'll wow them again." 
The orbiter's main mission was to monitor the Red Planet's atmosphere, surface and polar caps for one Martian year, or 687 days. First, however, the craft was to have served as a communications relay link for the lander. Managers said backup plans will allow the lander instead to transmit data either directly to Earth, through the global Deep Space Network of antennas, or through the orbiting Mars Global Surveyor. 


	© 1999 The Washington Post Company 





“What we got here…is failure to communicate”
-Prison captain in the movie Cool Hand Luke (1967)

Read the article “Mystery of Orbiter Crash Solved” (Washington Post, Friday October 1, 1999)

Answer the following using complete sentences as necessary and show your work on conversion problems:
1. What seems to have been the most likely cause of the Orbiter crash?
2. What does the title of this worksheet have to do with the Orbiter crash?
3. The suspected error is actually very small. Why then did this lead to a spectacular failure?
4. The orbiter took 10 months to travel 416 million miles. Convert that to miles per hour (assume 30. days in a month; express your answer to two significant figures)?
5. The Orbiter was supposed to orbit about 100 miles above the surface of mars. How many feet above the surface should the Orbiter have been?
6. What was the eventual fate of the Orbiter?
7. A Martian year is 687 days. How many earth years is this?
8. Look at the political cartoon below. The author uses units such as “furlongs”, “rods” and “fathoms”. What do these units measure and where do they come from?
9. What message do you think the cartoonist is trying to convey to the readers?
10. The United States in the largest country that still uses the English system of measurement. What opinion do you think the cartoonist might have on this matter?
11. This probe cost $125 million. This is one of many mars probes that have been sent by NASA costing many millions of dollars. In your opinion, do you think money should be spent to fund these kinds of space missions? Defend your answer.
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Metric Units Activity
[image: Blood sample]



The Story 
On Friday, the Centers for Disease Control (CDC) reported the results of a new study on harmful chemicals found in the human body. According to the study, 2.2 percent of children in the United States between the ages of 1 and 5 have too much lead in their blood. 
This is good news and bad news. Ten years ago 4.4 percent of U.S. children had too much lead in their blood. Things are improving, but when the amount of lead in the blood is greater than or equal to 10 micrograms per deciliter (10 µg/dL) that is a bad thing. And there are still 434,000 children in the United States who have 10 or more micrograms of lead in every deciliter of their blood. 
You are a mathematician who works in the Office of Research and Evaluation of your local medical laboratory. As the lab's only mathematician, you have been asked to process some irregular data that has just arrived. You have the results of the lead-level tests from ten patients, but the results are not expressed in the customary units of micrograms per deciliter. They are expressed in a variety of units.












	PATIENT
	RESULTS

	A. B. Compton
	0.009 mg/dL

	D. E. Fenster
	0.00093 cg/dL

	G. H. Ibrahim
	0.000023 g/dL

	J. K. Lang
	0.0079 mg/dL

	M. N. O'Connor
	0.00000187 g/dL

	P. Q. Romero
	0.0105 mg/0.1L

	S. T. Udugba
	0.0005 cg/dL

	V. W. Xeron
	27.3 µg/10cL

	Z. A. Barse
	0.0000095 g/0.1L

	C. D. Elder
	0.018 mg/100 mL


  Your job is to convert the results into the standard units of micrograms per deciliter and then decide whether or not the patient has lead levels that are too high. 
You will also select patients who need to be re-tested. 
Procedure
Examine the lead level for each patient on the form. Determine which unit is incorrect and convert it to the correct unit. Record your results on the official Discrepant Unit Correction Form . Your goal is to end up with the units µg/dL. If both units are incorrect, convert both.  
Once that you are sure that your conversions are correct, enter them on the form, check the Alert column for those patients whose lead levels are too high, then select patients who should be retested.
Conclusion
Submit the "Discrepant Unit Correction Form" to the laboratory supervisor (your teacher). 
|Home|
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WLHS Medical Laboratory
Discrepant Unit Correction Form

Date __________________ Scientist(s) _________________________________

Blood Test Results
Blood Lead 
	Patient
	Lead Level
	Corrected Lead Level
	Alert
(Check box if level exceeds 10 µg/dL)

	A. B. Compton

	0.009 mg/dL
	
	

	D. E. Fenster

	0.00093 cg/dL
	
	

	G. H. Ibrahim

	0.000023 g/dL
	
	

	J. K. Lang

	0.0079 mg/dL
	
	

	M. N. O'Connor

	0.00000187 g/dL
	
	

	P. Q. Romero

	0.0105 mg/0.1L
	
	

	S. T. Udugba

	0.0005 cg/dL
	
	

	V. W. Xeron

	27.3 µg/10cL
	
	

	Z. A. Barse

	0.0000095 g/0.1L
	
	

	C. D. Elder

	0.018 mg/100 mL
	
	



Re-testing Recommended for:


Chemistry as a Science
Unit 1 Practice Test

State the number of significant figures in the following numbers:

1.  1.000		2.  200			3.  0.0001980		4.  200.0

5.  2.0001		6.  0.0030		7.  3000.		8.  4.01

9.  6.920 x 104		10.  8.1  x 10-6		11.  2.001  x  102  


Convert 9-11 in the above section to regular notation: 

12.				13.				14.


Do the following calculations. Express you answers to the correct number of significant figures. 

(express answers in 15-19 in regular notation)
15. 8.0  x  7.16 =
16. 6.84  x  .00780 =
17. 2.9004  +  23  =
18. 4    490 =
19. 34.0096  x  23.8910 =

(express answers in 20-22 in scientific notation)

20. (8.0222  x  103)  x  (7.6  x  104) =
21. (6.81  x  10-5)  x  (8.49  x  10–3) =
22. (4.08  x  102)   (1.18  x  103) =



Word problems. Show all work using the following format:
A) Formula
B) Substitute numbers with units into formula
C) Calculated answer
D) Answer in significant digits
23. A metal object has a mass of 23.007 g and a volume of 2.90 cm3. Calculate the density of the object (hint: Density = M/V).



Do the following conversions; Show all your work WITH UNITS:

	1 inch  =  2.54 cm
	1 ounce  =  29.6 mL

	1 mile = 1.609 km
	1 meter  = 39.37 in

	1 gallon = 3.786 L
	1 kilogram = 2.205 lb

	1 quart = 946.4 mL
	1 Liter = 1.057 qt





24. 34.4 inches to cm

25. 0.900 gallons to L

26. 45.0 quarts to L

27.  0.0452 km to m

28. 4.88 cm3  to mL

29. 12.00 mL  to  L

30. 34.7 m/s  to  km/hr



Express the measurement to the correct number of digits:

[image: ]
	Prefix:
	Symbol:
	Magnitude:
	Meaning (multiply by):

	Tera- 
	T
	1012
	1 000 000 000 000 

	Giga- 
	G
	109
	1 000 000 000 

	Mega- 
	M
	106
	1 000 000 

	kilo- 
	k
	103
	1000 

	hecto- 
	h
	102
	100 

	deka- 
	da
	10
	10 

	- 
	-
	- 
	- 

	deci- 
	d
	10-1
	0.1 

	centi- 
	c
	10-2
	0.01 

	milli- 
	m
	10-3
	0.001 

	micro- 
	u (mu)
	10-6
	0.000 001 

	nano- 
	n
	10-9
	0.000 000 001 

	pico- 
	p
	10-12
	0.000 000 000 001 

	femto- 
	f
	10-15
	0.000 000 000 000 001 

	atto- 
	a
	10-18
	0.000 000 000 000 000 001 
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