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Learning to work in a safe environment in the laboratory is one of the most important topics in an introductory chemistry course.  Many hazards exist when working with both common and dangerous chemicals.  In this section, you will find guidelines that you will be required to follow throughout the entire course.  By following these guidelines, you will greatly reduce the chances of injury to your classmates, your laboratory, and yourself.

Safety Contract

You will find two copies of the safety contract for this course.  Before you work with chemicals in the laboratory, you must sign one copy of the contract.  The other copy is to be kept in this lab manual.  By signing this contract, you agree to follow all safety procedures that are included in the contract, as well as any special instructions given by the teacher as needed throughout the duration of the course.  Read and follow this contract carefully!
Lab Cleaning Checklist

On page 10, you will find a checklist of things that should be done before, during, and after every laboratory session is provided.  You will also find this checklist on the back of the laminated equipment check-in sheet in your lab equipment drawer.

Safety Glasses - location: ______________________________________________
Locate the safety glasses cabinet and write its location in the line above.  OSHA approved eye protection is required at all times in the laboratory.  If you are working on completing a lab report, and you do not wish to wear safety glasses, move to the classroom.  Goggles are also provided to be worn if preferred, or for those who wear eyeglasses.  Your eyes are very easy targets for accidents, and one of the most difficult to repair!

Shower and Eye Bath - location: ________________________________________

Note the location of the shower and eye bath in your laboratory.  These should  be turned on only in emergencies.  Activating these devices, when not an emergency situation, appropriate action will be taken.  The shower should be used when an all-over spill occurs, and is activated by pulling the chain.  The eye bath should be used when a chemical is present in the eye, and is activated by pushing the large metal button with the eye wash symbol.  The eye should be held open and kept in the flow of the water for at least 15 minutes.

Gas Shut-Off - location: ________________________________________________
Locate the Gas Shut-Off button, and record its location in the blank above.  This is commonly a red button marked "Emergency Stop", or a 1/4 turn valve labeled "gas shut-off".  Pushing this button stops the flow of natural gas to the entire laboratory, and turns off the electricity in the outlets near gas valves.  Again, this should only be used for emergencies.  To turn the gas back on, pull the button outward or reverse the valve.

Fire Extinguisher - location: ____________________________________________

Locate the fire extinguisher, and note its location in the blank provided above.  Again, this is for true emergencies only, and punishment will result if this item is used otherwise.

Fire Blanket - location: _________________________________________________

Locate the fire blanket(s), and note the location above.  If you should ever catch your clothes on fire, wrap the blanket around you to extinguish the flames.  Stop, drop, and roll works too.

Baking soda solution (NaHCO3) - location: ________________________________

Sodium bicarbonate, or baking soda, is used to neutralize acids and bases.  A solution of baking soda and water is kept in a specially labeled water bottle for this use.  If you should spill an acid or base, spray this solution until no more bubbles are produced, which is a sign of complete neutralization.  Then clean up the spill as normal.  This solution can also be used on the skin in the event of an acid burn.

Fume hood - location: __________________________________________________

The fume hood is used when hazardous or smelly fumes are present.  The fan inside the hood pulls the fumes out of the work area.  One switch is for the light, and the other for the fan.  The hood door should never be completely closed.  Use the fume hood when dealing with strong acids (HCl, HNO3), bases (ammonia), or chemicals with a strong, offensive smell (H2S, acetic anhydride).

Material Safety Data Sheets (MSDS) - location: _____________________________

Write the locations of the MSDS sheets in the blank above.  MSDS sheets are required by law to be kept on file for every chemical in use in any work area.  For example, an MSDS sheet must be on file for items in a car service garage for oil, brake fluid, etc., or even for correction fluid ("White-out") in an office.  A MSDS provides information about the chemical, safety precautions, possible hazards, and treatment in the event of an accident.  Many times MSDS sheets are attached the chemical bottle itself.  As a U.S. citizen, you have the right to know the hazards of any chemical you are asked to use ("right-to-know" laws), as shown on the MSDS.  Any even so slightly suspected hazard is listed, so these are often over-exaggerated.

Student Safety Contract 
Purpose 

Science is a hands-on laboratory class. You will be doing many laboratory activities that require the use of hazardous chemicals. Safety in the science classroom is the #1 priority for students, teachers, and parents. To ensure a safe science classroom, a list of rules has been developed and provided to you in this student safety contract. These rules must be followed at all times. Both you and a parent or guardian must sign the last page before you can participate in any laboratory activities. The contract is to be kept in your science folder as a constant reminder of the safety rules. 

General Guidelines 

1. Conduct yourself in a responsible manner at all times in the laboratory. 

2. Follow all written and verbal instructions carefully. If you do not understand a direction or part of a procedure, ask the instructor before proceeding. 

3. Never work alone. No student may work in the laboratory without an instructor present. 

4. When first entering a science room, do not touch any equipment, chemicals, or other materials in the laboratory area until you are instructed to do so. 

5. Do not eat food, drink beverages, or chew gum in the laboratory. Do not use laboratory glassware as containers for food or beverages. 

6. Perform only those experiments authorized by the instructor. Never do anything in the laboratory that is not called for in the laboratory procedures or by your instructor. Carefully follow all instructions, both written and oral. Unauthorized experiments are prohibited. 

7. Be prepared for your work in the laboratory. Read all procedures thoroughly before entering the laboratory. Never fool around in the laboratory. Horseplay, practical jokes, and pranks are dangerous and prohibited. 

8. Observe good housekeeping practices. Work areas should be kept clean and tidy at all times. Bring only your laboratory instructions, worksheets, and/or reports to the work area. Other materials (books, purses, backpacks, etc.) should be stored in the classroom area. (At your desk or under your desk)

9. Keep aisles clear. Push your chair under the desk when not in use. 

10. Know the locations and operating procedures of all safety equipment including the first aid kit, eyewash station, safety shower, fire extinguisher, and fire blanket. Know where the fire alarm and the exits are located. 

11. Always work in a well-ventilated area. Use the fume hood when working with volatile substances or poisonous vapors. Never place your head into the fume hood. 

12. Be alert and proceed with caution at all times in the laboratory. Notify the instructor immediately of any unsafe conditions you observe. 

13. Dispose of all chemical waste properly. Never mix chemicals in sink drains. Sinks are to be used only for water and those solutions designated by the instructor. Solid chemicals, metals, matches, filter paper, and all other insoluble materials are to be disposed of in the proper waste containers, not in the sink. Check the label of all waste containers twice before adding your chemical waste to the container. 

14. Labels and equipment instructions must be read carefully before use. Set up and use the prescribed apparatus as directed in the laboratory instructions or by your instructor. 

15. Keep hands away from face, eyes, mouth and body while using chemicals or preserved specimens. Wash your hands with soap and water after performing all experiments. Clean (with detergent), rinse, and wipe dry all work surfaces (including the sink) and apparatus at the end of the experiment. Return all equipment clean and in working order to the proper storage area. 

16. Experiments must be personally monitored at all times. You will be assigned a laboratory station at which to work. Do not wander around the room, distract other students, or interfere with the laboratory experiments of others. 

17. Students are never permitted in the science storage rooms or preparation areas unless given specific permission by their instructor. 

18. Know what to do if there is a fire drill during a laboratory period; containers must be closed, gas valves turned off, fume hoods turned off, and any electrical equipment turned off. 

19. Handle all living organisms used in a laboratory activity in a humane manner. Preserved biological materials are to be treated with respect and disposed of properly. 

20. When using knives and other sharp instruments, always carry with tips and points pointing down and away. Always cut away from your body. Never try to catch falling sharp instruments. Grasp sharp instruments only by the handles. 

Clothing 

21. Any time chemicals, heat, or glassware are used, students will wear laboratory goggles. There will be no exceptions to this rule! 

22. Contact lenses should not be worn in the laboratory unless you have permission from your instructor.  (Tell Mr. Jankowski if you wear contacts)

23. Dress properly during a laboratory activity. Long hair, dangling jewelry, and loose or baggy clothing are a hazard in the laboratory. Long hair must be tied back and dangling jewelry and loose or baggy clothing must be secured. Shoes must completely cover the foot. No sandals allowed. 

24. Lab aprons have been provided for your use and should be worn during laboratory activities. 

Accidents and Injuries 

25. Report any accident (spill, breakage, etc.) or injury (cut, burn, etc.) to the instructor immediately, no matter how trivial it may appear. 

26. If you or your lab partner are hurt, immediately notify the instructor's. 

27. If a chemical should splash in your eye(s) or on your skin, immediately flush with running water from the eyewash station or safety shower for at least 20 minutes. Notify the instructor immediately. 

28. When mercury thermometers are broken, mercury must not be touched. Notify the instructor immediately. 

Handling Chemicals 

29. All chemicals in the laboratory are to be considered dangerous. Do not touch, taste, or smell any chemicals unless specifically instructed to do so. The proper technique for smelling chemical fumes will be demonstrated to you. 

30. Check the label on chemical bottles twice before removing any of the contents. Take only as much chemical as you need. 

31. Never return unused chemicals to their original containers unless told to by your instructor.

32. Never use mouth suction to fill a pipette. Use a rubber bulb or pipette pump. 

33. When transferring reagents from one container to another, hold the containers away from your body. 

34. Acids must be handled with extreme care. You will be shown the proper method for diluting strong acids. Always add acid to water, swirl or stir the solution and be careful of the heat produced, particularly with sulfuric acid. 

35. Handle flammable hazardous liquids over a pan to contain spills. Never dispense flammable liquids anywhere near an open flame or source of heat. 

36. Never remove chemicals or other materials from the laboratory area. 

37. Take great care when transferring acids and other chemicals from one part of the laboratory to another. Hold them securely and walk carefully. 

Handling Glassware and Equipment 

38. Carry glass tubing, especially long pieces, in a vertical position to minimize the likelihood of breakage and injury. 

39. Never handle broken glass with your bare hands. Use a brush and dustpan to clean up broken glass. Place broken or waste glassware in the designated glass disposal container. 

40. Inserting and removing glass tubing from rubber stoppers can be dangerous. Always lubricate glassware (tubing, thistle tubes, thermometers, etc.) before attempting to insert it in a stopper. Always protect your hands with towels or cotton gloves when inserting glass tubing into, or removing it from, a rubber stopper. If a piece of glassware becomes "frozen" in a stopper, take it to your instructor for removal. 

41. Fill wash bottles only with distilled water and use only as intended, e.g., rinsing glassware and equipment, or adding water to a container. 

42. When removing an electrical plug from its socket, grasp the plug, not the electrical cord. Hands must be completely dry before touching an electrical switch, plug, or outlet. 

43. Examine glassware before each use. Never use chipped or cracked glassware. Never use dirty glassware. 

44. Report damaged electrical equipment immediately. Look for things such as frayed cords, exposed wires, and loose connections. Do not use damaged electrical equipment. 

45. If you do not understand how to use a piece of equipment, ask the instructor for help. 

46. Do not immerse hot glassware in cold water; it may shatter. 

Heating Substances 

47. Exercise extreme caution when using a gas burner. Take care that hair, clothing and hands are a safe distance from the flame at all times. Do not put any substance into the flame unless specifically instructed to do so. Never reach over an exposed flame. Light gas (or alcohol) burners only as instructed by the teacher. 

48. Never leave a lit burner unattended. Never leave anything that is being heated or is visibly reacting unattended. Always turn the burner or hot plate off when not in use. 

49. You will be instructed in the proper method of heating and boiling liquids in test tubes. Do not point the open end of a test tube being heated at yourself or anyone else. 

50. Heated metals and glass remain very hot for a long time. They should be set aside to cool and picked up with caution. Use tongs or heat-protective gloves if necessary. 

51. Never look into a container that is being heated. 

52. Do not place hot apparatus directly on the laboratory desk. Always use an insulating pad. Allow plenty of time for hot apparatus to cool before touching it. 

53. When bending glass, allow time for the glass to cool before further handling. Hot and cold glass have the same visual appearance. Determine if an object is hot by bringing the back of your hand close to it prior to grasping it. 

Student copy
Return signed and keep in lab manual
I, ___________________________________(students name)

 have read and agree to follow all of the safety rules set forth in this contract. I realize that I must obey these rules to insure my own safety, and that of my fellow students and instructors. I will cooperate to the fullest extent with my instructor and fellow students to maintain a safe lab environment. I will also closely follow the oral and written instructions provided by the instructor. I am aware that any violation of this safety contract that results in unsafe conduct in the laboratory or misbehavior on my part, may result in being removed from the laboratory, detention, receiving a failing grade, and/or dismissal from the course. 
  

Student Signature ____________________________________

 Date ______________
Dear Parent or Guardian:

We feel that you should be informed regarding the schools effort to create and maintain a safe science classroom/laboratory environment.  With the cooperation of the instructors, parents, and students, a safety instruction program can eliminate, prevent, and correct possible hazards. 

You should be aware of the safety instructions your son/daughter will receive before engaging in any laboratory work. Please read the list of safety rules above. No student will be permitted to perform laboratory activities unless this contract is signed by both the student and parent/guardian and is on file with the teacher. 

Your signature on this contract indicates that you have read this Student Safety Contract, are aware of the measures taken to insure the safety of your son/daughter in the science laboratory, and will instruct your son/daughter to uphold his/her agreement to follow these rules and procedures in the laboratory. 


  Parent/Guardian Signature _______________________________________


  Date ______________________
Instructor copy
Return signed to your chemistry instructor
I, ___________________________________(students name)

 have read and agree to follow all of the safety rules set forth in this contract. I realize that I must obey these rules to insure my own safety, and that of my fellow students and instructors. I will cooperate to the fullest extent with my instructor and fellow students to maintain a safe lab environment. I will also closely follow the oral and written instructions provided by the instructor. I am aware that any violation of this safety contract that results in unsafe conduct in the laboratory or misbehavior on my part, may result in being removed from the laboratory, detention, receiving a failing grade, and/or dismissal from the course. 
  

Student Signature ____________________________________

 Date ______________

Dear Parent or Guardian:

We feel that you should be informed regarding the schools effort to create and maintain a safe science classroom/laboratory environment.  With the cooperation of the instructors, parents, and students, a safety instruction program can eliminate, prevent, and correct possible hazards. 

You should be aware of the safety instructions your son/daughter will receive before engaging in any laboratory work. Please read the list of safety rules above. No student will be permitted to perform laboratory activities unless this contract is signed by both the student and parent/guardian and is on file with the teacher. 

Your signature on this contract indicates that you have read this Student Safety Contract, are aware of the measures taken to insure the safety of your son/daughter in the science laboratory, and will instruct your son/daughter to uphold his/her agreement to follow these rules and procedures in the laboratory. 


  Parent/Guardian Signature _______________________________________


  Date ______________________
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tc \l2 "Lab Cleaning Checklist
When you come into lab.....

1) Put on a pair of safety glasses or goggles.

2) Find your lab drawer.  Make sure all equipment is clean and accounted for.  (Check equipment with list in drawer)

3) Make sure countertop is clean and free of previous experiments.

4) Put all books and personal belongings either by the window or underneath the lab benches except for the paper you are using to record data.

While you are in lab.....

1) Follow all the safety instructions as given in the safety contract.

2) Use distilled water (in white plastic jugs) ONLY for final rinses and water when called for in an experiment.  Use tap water for cleaning and water baths.

3) Keep balances clean!

4) Clean up your own mess!  Your mother does not work here!

5) Use caution using "community spatulas" - use the spatula for one chemical only - if you switch bottles, clean the spatula!

6) ALWAYS close lids on bottles, even if some one else is in line for it.

When you leave the lab.....

1) Make sure any experiment left for a future lab period is clearly marked with whose experiment it is and place it in the proper drawer or hood, as directed

2) Put away all equipment used

3) Check to see, USING THE EQUIPMENT LIST, that all equipment is in the drawer that is supposed to be in the drawer.

4) Wipe off your work area with a wet paper towel.

5) Place your chair under the lab bench.

6) Wash your hands (WITH SOAP) at the back sink.

7) HANG your safety glasses/goggles on rack in cabinet

Chemistry I Lab drawer  

Chemistry Laboratory Equipment List XE "Equipment List:Chemistry I" 

tc \l2 "Chemistry Laboratory Equipment List
All equipment in the laboratory should be kept clean after each use.  All

equipment should be returned to YOUR DRAWER upon completion of the

laboratory exercise.

Drawer A (Glassware)

_____ Two 100 ml beakers


_____
Three watch glasses

_____ Two 250 ml beakers


_____
One glass stir rod

_____
One 400 ml beaker


_____
One glass or plastic funnel

_____
Two 250 ml flasks


_____
Five small test tubes

_____
Two 125 ml flasks


_____
Five large test tube

_____
One 10 ml graduated cylinder

_____
Hot pad

_____
One 100 ml graduated cylinder

_____
One 25 ml graduated cylinder
Drawer B (Utensils)
_____ 
One clay triangle



_____
One test tube holder

_____
One crucible with lid


_____
One wire gauze

_____
One rubber policeman


_____
One striker

_____
One forceps



_____
One evaporating dish

_____
One spatula



_____
One dropper

_____
One crucible tongs
Cabinet
_____
One Bunsen burner


_____
One buret clamp

_____
One ring stand



_____ 
One section of rubber hose

_____ 
Two iron rings
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Pictures XE "Equipment List:pictures"  and functions 
of some basic laboratory equipment
tc \l2 "

Pictures and functions of some basic laboratory equipment
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Beaker

_________________________
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Clay triangle

___________________________
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Crucible (and lid)

____________________________
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Crucible tongs

_____________________________
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Erlenmeyer flask

_______________________________________
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Evaporating dish

________________________________________
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Forceps

____________________________
[image: image8.wmf]
Funnel

______________________________________
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Graduated cylinder

_______________________________
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Mortar and pestle

(bowl)       (grinder)

_____________________________________
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Ring stand

___________________________________
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Rubber policeman
______________________________________
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Stir rod

_____________________________
[image: image14.wmf]
Scoop/Spatula/Spoon

_________________________________
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Test Tube Clamp

_____________________________
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Test Tube Holder

__________________________________
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Test Tube Rack

________________________________
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Watch glass

__________________________________
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Wire screen/Wire Gauze

__________________________________
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Writing A Laboratory Report
Title  


What lab are you doing, this should be short but descriptive, “Lab One” is not acceptable.
Introduction 

A few sentences about what you are going to do in the lab.
Materials 

A list of all the equipment and materials you used in the lab.
Procedure 

This should be a step-by-step description of everything you did in the laboratory. 
This will most likely be the largest section of the report.  This section may have 10-20 steps.
Data & Calculations 

This section will include charts with your data and a sample of each calculation you did.  Do not forget units.
Graph 

You will graph your data and use this graph to help illustrate your data and average your results.
Conclusion 

Give possible reasons for error in your lab and detail what you would do differently next time.  This section should not exceed one short paragraph.
Analysis Questions 

Answer any questions related to the lab with complete sentences
LABORATORY EXPERIMENTS 

Laboratory Experiment 1
[image: image27.wmf]Observations of Cupric Chloridetc \l2 "Observations of Cupric Chloride
Introduction
All of science is based upon observations.  Chemistry is no exception.  While you may not understand exactly understand why things happen in this experiment, the purpose is for you to practice observing what does take place.  It is important to report facts, and not opinions.  For example, if you say a "clear, colorless, odorless liquid" was in the beaker, you are reporting facts.  If you say "the beaker was full of water", you are stating your opinion.  Other clear, colorless, and odorless liquids do exist.  As a matter of safety, you should never assume that a liquid in a container is water unless you are absolutely sure.

The observations that you record in this lab may be quantitative or qualitative.  Quantitative, derived from the word quantity, data is an observation that includes a measurement.  It is usually a number of some kind.  Qualitative, derived from the word quality, data is a general description.  For example, a quantitative observation would be "the water was 10 degrees Celsius".  A qualitative observation would be "the water was cold."

Be specific and accurate in your observations.  Be creative with your terminology.  For example, don't just say "the solution was red."  Say, "the solution was brick red" or "the solution was blood red."  Be specific!  Be sure to observe everything that happens, which may include: light, heat, color, shape, size, dissolving, crystallizing, fume production, color changes, and odor. (When checking for odor, be sure to waft the fumes toward your nose! Do not place your nose directly into the container!)

Procedure
1.  
Put on your safety glasses or goggles.

2.  
Obtain a 100 mL beaker, a stir rod, and a spoon or spatula from your A or B lab drawer. 
(Do not ever use equipment from drawer C or D.)

3.  
Fill the beaker about one-third full with tap water.

4.  
Cut an 8 cm by 8 cm square of aluminum foil.

5.  
Put a level teaspoon full of copper (II) chloride dihydrate in a weighing boat, and take it 
back to your desk.  (If using a scoop type spatula, get enough crystals to fill the bottom 2-
3 cm of the scoop, and level.)  Wash the spoon.

6.  
Describe the appearance of the copper (II) chloride dihydrate crystals.  Record on your 
data table
7.  
Put the crystals into the water in the beaker, but DO NOT STIR. Record the appearance 
on your data table
8.  
Stir the crystals with your glass stir rod until the crystals have completely dissolved.  


Record the appearance on your data table
9.  
Obtain the temperature of this solution, and record.  Do NOT use the thermometer as a 
stir rod!  It could break! Record this on your data table.
10.  
Wad the piece of aluminum foil into a ball, and drop it into the solution.  (CAUTION: Do 
not look down directly into a beaker!  Watch from the side.)  As soon as the foil touches 
the solution start taking temperature data, record the temperature evey ten seconds for 
three minutes, record this in your data table.
11.  
Describe your observations from step 10. Record on your data table
12.  
Wash the thermometer, and return it to the thermometer drawer.  Do NOT  put 
thermometers in your own lab drawer.  (prevents breakage)

13.  
Clean up all equipment and your area, as described on your cleaning checklist on the back 
of the equipment list in your drawer.  If any aluminum foil remains, pick it up with your 
forceps, wash it off, and throw it away in the trash can.  Pour the blue green liquid down 
the drain, put the brown sludge in a waste bucket in the fume hood, and rinse the 
beaker.  
Wash your hands, and return your safety glasses to the storage cabinet.  Return to 
the 
classroom.
Analysis questions 

1. Graph your data. Put your temperature data on the Y axis (vertical) and time on 
the X axis (horizontal). The graph should have a descriptive title, labeled axies, and take up a whole page.

2. List five qualitative observations from the lab 

1. 
__________________________________________________________________


2.
__________________________________________________________________


3.
__________________________________________________________________


4.
__________________________________________________________________


5.
__________________________________________________________________

3. List three quantitative observations from the lab 


1. 
__________________________________________________________________


2.
__________________________________________________________________


3.
__________________________________________________________________

4. How do you know a chemical reaction occurred? ____________________________________

______________________________________________________________________________
5. When was the chemical reaction over?  How did you known the reactions was over? ________

____________________________________________________________________________________________________________________________________________________________

6. Place a star (٭) on the graph when the reaction ended.

Observations data table

	
	Observations

	Dry copper (II) Chloride
	

	Copper chloride and water
	

	Copper chloride in solution
	

	Copper chloride solution and aluminum foil
	


Temperature data table
	Time (Seconds)
	Temperature (Degrees C)

	0 (initial temp)
	

	10
	

	20
	

	30
	

	40
	

	50
	

	60
	

	70
	

	80
	

	90
	

	100
	

	110
	

	120
	

	130
	

	140
	

	150
	

	160
	

	170
	

	180
	


Laboratory Experiment 2
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Scientific Measurement and Density
Introduction

Density is one of the basic properties of all matter and can easily be determined in the laboratory through various methods.  In this lab you will use the formula:
                              mass

Density  =   ----------------

                             volume

This formula will be used to determine the density of 2 blocks of wood, 2 irregular objects, and the density of distilled water.

Procedure


This lab will be written up by the student on graph paper.  The student is responsible for all procedures, data, and data tables.  The student will also be responsible for a graph of the density of distilled water.

Analysis questions


These questions are to be answer on your lab write up 

1.
What is the density of distilled water?

2.
Why might Evansville water have a different density from distilled water?

3.
Describe the procedure you would use to determine the density of a car key?

Laboratory Experiment 3
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M and M Isotopes and Average Atomic Masstc \l2 "

Isotopes and Average Atomic Mass
Background


Isotopes are atoms with too many or too few neutrons, theses atom behave the same chemically as other atoms of that element.  Many isotopes exist freely in nature and do not harm human.  So isotopes are even used by human for example C-14 is used to date Native American or early human artifacts, I-139 is used to treat thyroid cancer patients, and Am- 249 is used in smoke detectors. 


In this lab you will investigate a new element, identify its isotopes and determine its atomic mass.
Procedure

1.
Obtain a bag of m & m’s (atoms) from your instructor and do not eat any yet

Pick your elements name (it can’t be named after anything alive) ___________________


Pick your elements atomic number (cannot be already used) ___________________
2.
Remove one atom from your bag and observe it, Use all your senses, it is recommended 
that you use your sense of taste last.  Record these detailed observations your m & m
data table.

3.
Repeat for each atom in the bag. 
m & m data table

	m & m
	Observations

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Analysis questions
1.
How many different isotopes did you find? ___________________________

2.
How are the atoms of your element alike? ______________________________________


________________________________________________________________________


3.
How are the atoms of your element different? ___________________________________


________________________________________________________________________

4.
Is your element a solid, liquid, or a gas? _______________________________________

5.
Complete the following table for your element:

	Isotope name
	Number of protons
	Number of neutrons
	Atomic mass
	Frequency or abundance
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6.
Draw a box or block on the periodic table for your element.  This must be large and 
contain the following information:  the atomic mass, atomic number, name, symbol, and 
the symbol must be the correct color.


Solids – black




Liquids – blue




Gases - red

Outlined = produced in laboratory / synthetic


Complete colored in = naturally occurring

Laboratory Experiment 4
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Flame Tests
Introduction
Electrons reside in various energy levels and orbitals.  The locations of these electrons are defined by a set of numbers called "quantum numbers."  Electron configurations are used to list all the energy levels and orbitals that electrons occupy simultaneously in any given atom.  When an element is subjected to high temperatures, some of these electrons become "excited"... they occupy higher energy orbitals.  As the electrons fall back to their "ground state" (their normal positioning), the loss of energy can be emitted as light.  The color of the light is determined by the amount of energy that is released from such a transition.  Visible light increases in energy from red to blue.  The mnemonic ROY G BIV is often used to aid students as to the colors in order of increasing energy: red, orange, yellow, green, blue, indigo, and violet.  Keep in mind that some energies may be lower than red (infrared), or higher then violet (ultraviolet), and not in the visible spectrum.  Therefore, you may not be able to see the energy released from all elements.  Since each element has a different number of electrons, each transition from excited state to ground state will be different.  This physical property is often used to identify unknown metals.  In this lab, we will concentrate on the identification of metals that emit light in the visible spectrum.

Procedure
Put on your safety glasses or goggles.
1.  Fill your test tube rack with 5 or 6 clean, small test tubes from your lab drawer.  Obtain 10-15 drops of a solution in the first test tube.  Be sure to label the tube as to its contents.  Do the same for the remaining test tubes, using a different solution for each.  Be sure to use a clean dropper each time.  Using the same dropper in a different solution, without cleaning, will contaminate the entire bottle of solution!  (Don't forget to put the lid back on the bottle!)

2.  Pour 15 mL of 6M hydrochloric acid into a small beaker.  (CAUTION: Hydrochloric acid can cause burns.  If you spill some acid, it should be neutralized with baking soda before being cleaned up.  If your skin comes in contact with the acid, wash the area immediately with lots of cold water, and spray a baking soda solution on the area as well.)

3.  Light your Bunsen burner by doing the following:  Turn on the gas valve (blue) by turning the valve so that it is perpendicular to the gas pipe.  Adjust the gas control (on the very bottom) on the burner so that you can hear a stream of gas flowing through the burner.  Pass a match over the top of the burner.  Adjust the gas flow so that the flame is a few inches tall.  Not enough gas will result in the flame blowing out.  Too much gas will result in the flame only lighting while the match is held over the flame, and only the top part of the flame will light.  Adjust the air control (the open holes toward the bottom of the burner) so that you get two cones in the flame:  a light blue flame inside a dark blue flame.  The hottest portion of the flame is near the top point of the inner light blue cone.

4.  Obtain a flame test loop from the counter.  Clean it by dipping the loop end into the beaker of 6M hydrochloric acid, and heating the loop in the flame of a burner.  When placing the loop into the flame, hold the loop by the handle, and tilt the flame tester at an angle.  A clean loop should not change the color of the flame.  Repeat if necessary.

5.  Dip the clean loop into one of the test tubes containing a metal salt solution.  Place the loop in the burner flame.  Observe and record the color of light produced.  Repeat as necessary to accurately determine the color of the light.  

6.  Repeat the cleaning and burning procedure on each of the remaining solutions.

7.  Dip your flame test loop in a few crystals of solid sodium chloride, and test the solid in the flame as before.

8.  Wash out the test tubes, and obtain and test any remaining solutions not obtained in step 1.  Be sure to test the unknown solution(s) also!

9.  After all solutions have been tested, clean the loop one last time.  Pour any remaining solutions down the drain.  Return your flame test loop to the counter.  Do not store it in your lab drawer.

10.  Turn the burner off by closing the gas valve first (all the way left or right).  Then close the gas control on the burner.  Use caution when picking up the hot burner!

11.  Clean up all equipment and your area, as described on your cleaning checklist on the back of the equipment list in your drawer.  Wash your hands, and return your safety glasses to the storage cabinet.  MAKE SURE THE GAS IS TURNED OFF.  Return to the classroom.

Flame test observations
	Metal salt solution
	Color of flame

	     Barium chloride
	

	     Calcium chloride
	

	     Copper II (cupric) chloride
	

	     Lithium nitrate
	

	     Potassium chloride     
	

	     Strontium nitrate
	

	     Manganese chloride
	

	     Sodium chloride
	

	     Sodium nitrate
	

	     Sodium nitrite
	

	     Sodium chloride solid     
	

	     Unknown "B"
	

	     Unknown "A"
	


Analysis questions
1.  Compare the results of unknown "A" with the results from the known solutions.  What was the name of the chemical in unknown "A"?  ______________________

2.  What was the name of the chemical in unknown "B"? _______________________

3.  Did the anion (chloride, nitrate, nitrite) make any difference in the sodium salt solutions?   ___________  Was solid NaCl any different than in solution? _________

4.  List the metal ions tested in this lab from lowest energy to highest energy.

________________________________________________________________

Laboratory Experiment 5
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Chemistry of Light
Introduction
The purpose of this experiment is to measure the emission spectra of several elements.  The emission spectrum of an unknown containing one of these elements will be measured, and thus identify the unknown element.

When visible light, or other types of electromagnetic radiation, is passed through a diffraction grating (or in the case of visible light, a prism), the light is separated according to wavelength, thus forming a spectrum of light.  A substance in an excited state (containing high energy), will lose energy by emitting photons.  In some cases, these photons are in the visible light spectrum.  Gaseous elements produce reproducible line spectra which can be used for identification.  No two elements have the same line spectra.

Procedure
Record the color and the wavelength for each spectra, using colored pencils.

1.  Draw the visible spectrum from high energy to low energy. (pg 139 in text book)
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700 nm
600 nm
500 nm
400 nm
300 nm     
2.  Draw line spectra for the following elements.  The position of the lines should correspond to the same color region as your drawing of the entire visible spectrum above.  List the three brightest lines in the blanks provided.

a.  Hydrogen


700 nm
600 nm
500 nm
400 nm
300 nm     
Observed wavelengths:  1. __________  2. ___________  3. ___________

 b.  Helium


700 nm
600 nm
500 nm
400 nm
300 nm     
Observed wavelengths:  1. __________  2. ___________  3. ___________

c.  Mercury



700 nm
600 nm
500 nm
400 nm
300 nm     
Observed wavelengths:  1. __________  2. ___________  3. ___________

d.  Chlorine


700 nm
600 nm
500 nm
400 nm
300 nm     
Observed wavelengths:  1. __________  2. ___________  3. ___________
e.  Other _________________


700 nm
600 nm
500 nm
400 nm
300 nm     
Observed wavelengths:  1. __________  2. ___________  3. ___________

f.  Incandescent Light



700 nm
600 nm
500 nm
400 nm
300 nm     
Observed wavelengths:  1. __________  2. ___________  3. ___________

3.  Fluorescent Lamp



700 nm
600 nm
500 nm
400 nm
300 nm     
Observed wavelengths:  1. __________  2. ___________  3. ___________

What element is used in this fluorescent lamp? _______________________

Analysis questions
1.  What is the speed of light in meters per second? __________________________________

2.  Name 8 regions of the electromagnetic spectrum including visible light.

1. ___________________

5. _______________________

2. ___________________

6. _______________________

3. ___________________

7. _______________________

4. ___________________

8. _______________________

[image: image20.wmf]
3.  Label the parts of this wave:

a. ________________________
b. ________________________
c. ________________________
d. ________________________

4.  Which has a shorter wavelength, radio waves or gamma waves?  _____________

5.  What makes red light different than blue light? ____________________________

_____________________________________________________________________

6.  Which is more harmful, a short or long wavelength? ___________________

Laboratory Experiment 6
Periodic trends tc \l2 "

Scientific Measurement and Density
Introduction


In this lab you will observe the reactions of various alkaline metals. These metals have an electron configuration in which the S orbital contains two electrons.  These two electrons react readily making the alkaline metals very reactive.   Most alkaline metals react with liquid water.  Beryllium is the only alkaline metal that does not react readily with liquid water but does react aggressively with steam. The alkali metals are even more reactive than the alkaline metals they all react with liquid water and air, sometimes explosively.  In this lab you will be reacting both magnesium and calcium with water.  By comparing these reactions you can draw conclusions about the relative reactivity of all alkaline and alkali metals.
Procedure
1. Obtain a one to two cm of Mg ribbon.  
2. Use steel wool to polish the ribbon.  It should look shiny.  
3. Place the ribbon in a test tube.  Describe the ribbon in chart one.
4. Fill the test tube half full of tap water.  Describe the reaction that occurs in chart one. (You will have to be very observant.)
5. Add one to two drops of phenolphalien (PHTH) to the test tube.  (Phenolphalien is an acid base indicator; if it turns the solution pink it is a base.)  Wait one to three minutes and describe the color of the solution in chart one.
6. Repeat steps 1 through 5 for Ca.  It will not be necessary to polish it with steel wool.
7. Clean up your mess and wash your glassware.   Throw the unreacted Mg away.  Drain the Ca solution down the drain.  Throw the Ca test tube away in the broken glass container.

Chart 1

	Reaction
	Observations

	Mg metal
	

	Mg metal + water
	

	Mg + water + PHTH
	

	Ca metal
	

	Ca metal + water
	

	Ca + water + PHTH
	


Analysis questions

1. What does PHTH indicate? _____________________________________________________

______________________________________________________________________________
2. Based upon the reactions you observed, how would Ba react in water?___________________

_____________________________________________________________________________
3. Did a chemical reaction occur when Mg was added to water?  If so how do you know? ______

______________________________________________________________________________
______________________________________________________________________________

4. Did a chemical reaction occur when Ca was added to water?  If so how do you know? ______

______________________________________________________________________________
______________________________________________________________________________
5. List the alkaline metals from most reactive to least reactive. ___________________________

___________________________________________________________________________

6. Which alkaline metal only reacts with steam? _______________________________________
7. Which is more reactive the alkali metals or alkaline metals?  Explain your answer in terms of electron configurations __________________________________________________________

_____________________________________________________________________________
____________________________________________________________________________
Laboratory Experiment 7
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Ionic Bonding:  Determining Chemical Formulas
Introduction
Ionic bonds are formed when electron(s) are lost by an atom, and a different  atom takes the electron(s).  Atoms become ions XE "ions"  when the electron transfer takes place.  Positive ions, called cations, lack electrons.  Negative ions, called anions, have extra electrons.  The attraction between positives and negatives is called electrostatic attraction.  Oppositely charged ions are attracted to each other, while like charged ions are repelled from one another.  The number of electrons that are exchanged is the key to determine a chemical formula.  In a compound, the number of positives must be equal to the number of negatives.  Compounds do not have + or - signs in them.  The + and - charges on the ions have been attracted to each other, and cancel each other out when an ionic compound is formed.  If a + or - sign is written, this indicates that an ion exists, not a compound.  In order to complete an ionic compound, you must equate the number of positives with the right number of negatives, and vice versa.

Polyatomic ions are covalently bonded groups of atoms that together form a single ion.  Their charges do not change, and must be memorized.  A list of some common polyatomic ions can be found in Appendix B.

Procedure
1. Color all cations blue and all anions red.

2. Cut out the ions.  On a sheet of paper, make the following compounds by piecing the ions together.  Glue them in place.  Then, write the formula for the compound.

1.  Magnesium Chloride


6.  Potassium Sulfide


2.  Aluminum Sulfate



7.  Calcium Hydroxide


3.  Hydrogen Fluoride



8.  Rubidium Iodide


4.  Gallium Nitrate



9.  Copper (I) Oxide


5.  Lithium Chloride

        

10. Sodium Carbonate

3. Complete problems 11-40, write the formula without the aid of the cut and paste ions.


11.  Mercury (II) Chloride


12.  Iron (III) Chloride


13.  Hydrogen Iodide


14.  Aluminum Oxide


15.  Calcium Nitrate


16.  Sodium Cyanide


17.  Aluminum Bromide


18.  Iron (II) Sulfate


19.  Lithium Fluoride


20.  Silver Carbonate


21.  Barium Acetate


22.  Ammonium Nitrate 


23.  Zinc Oxide


24.  Tin (IV) Oxide


25.  Sodium Arsenate


26.  Calcium Oxide


27.  Cadmium (II) Chloride


28.  Tin (II) Chloride


29.  Sodium Phosphate


30.  Potassium Chromate


31.  Iron (III) Nitrate


32.  Chromium (I) Iodide


33.  Radium Bromide


34.  Ammonium Phosphate


35.  Copper (I) Sulfate


36.  Ammonium Hydroxide


37.  Hydrogen Iodate


38.  Calcium Hypochlorite


39.  Sodium Oxalate


40.  Silver Chloride
Used by permission of Steiner Enterprises.  To order CheMags, call 1-800-SARGENT.
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Laboratory Experiment 8
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Formula of a Hydrate
Introduction
A hydrate is a compound that has water molecules "trapped" in the structure of the crystal.  The water molecules are not bonded to the main structure; rather they are surrounded by it.  By changing the structure of the main molecule, the water molecules can be released.  An easy way to accomplish this is to heat the hydrated (water-containing) compound.  After the water is removed, the compound is said to be anhydrous.  In this experiment, we will determine how many water molecules are trapped inside each molecule of copper (II) sulfate.  Thus, we will determine the formula of hydrated copper (II) sulfate.

From the last lab, we know that when copper and sulfate combine, it forms the formula CuSO4.  The 1:1 ratio of cupper ions to sulfate ions is due to the relative charge of each ion.  In this lab, we want to find the ratio of CuSO4 to water, so we may complete the formula of the hydrate:  CuSO4 •  ? H2O.  In order to find the ratio of how many copper (II) sulfates to how many water molecules, we must use the concept of the mole.  If we can find the moles of CuSO4, and the moles of H2O, we can find the simplest, whole number ratio between the two.  This will provide the coefficient to fill in the ? in the formula of the hydrate.

Procedure
Put on your safety glasses or goggles.

1.  Assemble a Bunsen burner.  Obtain a crucible and lid.  Clean the crucible by heating it in a clay triangle until the bottom glows red for five minutes.  Once the crucible is clean, handle it only using a pair of crucible tongs.  This is to avoid burns as well as not to add the mass of fingerprints to the crucible.  Allow the crucible to cool on the bottom of a ring stand or in a dessicator for about five minutes.

2.  Obtain about 5 grams of hydrated copper (II) sulfate.

3.  Determine the mass of the empty crucible, without the lid.  (WARNING! Never weigh a crucible while hot.  Not only will it damage the balance, but it will also not be an accurate measurement!)  Record this value in the data table.

4.  Add the hydrated copper (II) sulfate to the empty crucible, and determine the mass without the lid.  Record this value in the data table.

5.  Set the crucible in the clay triangle.  Place the lid on top of the crucible.  Be sure to tip the lid slightly to one side, so that air may freely enter the inside area.  Heat the crucible until the bottom glows for 5 minutes.  Remove the heat, and allow the crucible to cool on the bottom of the ring stand, or in a dessicator.

6.  Determine the mass of the crucible (without the lid) and now anhydrous copper (II) sulfate, and record the value in the data table.

7.  Repeat steps 5 and 6.  Continue to repeat steps 5 and 6 until nearly the same number is obtained.  Record the final value in the data table.

8.  Clean up all equipment and your area, as described on your cleaning checklist on the back of the equipment list in your drawer.  Dispose of the copper (II) sulfate in the solid waste container.  Wash your hands, and return your safety glasses to the storage cabinet.  MAKE SURE THE GAS IS TURNED OFF.  Return to the classroom.  

Crucible data table
	  mass of empty crucible
	

	  mass of crucible and CuSO4 • ? H2O
	

	  mass after 1st heating
	

	  mass after 2nd heating
	

	  mass after 3rd heating, if needed
	

	  mass after final heating
	


Analysis questions
1.  Find the exact mass of the hydrated copper (II) sulfate, CuSO4 • ? H2O, using only numbers in the data table above. 

2.  Find the mass of the water evaporated from the hydrate.

3.  Find the mass of the anhydrous (dry) copper (II) sulfate, CuSO4.

4.  Convert the mass of anhydrous (dry) copper (II) sulfate, CuSO4, to moles.

5.  Convert the mass of water to moles.

6.  Find the ratio of moles of CuSO4 to moles of H2O.  __________ : ___________

7.  Express the ratio from calculation #6 in its simplest, whole number ratio.  ___ : ___

8.  Write the complete formula for copper (II) sulfate hydrate.

_______________ · _________
Laboratory Experiment 9

Properties of ionic and covalent bonds

 XE "Limiting Reactant" tc \l2 "

Mass-Mass Stoichiometry and Limiting Reactant

Introduction


Physical properties of a substance such as melting points, conductivity and crystal structure can help a chemist to classify compounds as ionic or covalent.  Ionic compounds are compounds with bonds between a metal (cation) and nonmetal (anion) in these compounds the anion usually steals an electron form the metal.   Compounds with high melting points very crystalline or organized structure, and that conduct are usually ionic in nature.  Covalent compounds are compounds with bonds between two anions in these compounds the anions share electrons.  Covalent compounds that have low melting points, lack clear crystals, and do not conduct are usually covalent in nature.
Procedure
1. Obtain a small sample of each compound.  Record a brief observation of each compound in the data table.
2. Draw each compound as it views under a microscope set at low power.  Place these drawings on the next page. (Take your time and make good drawings)

3. Place a small amount of the compounds on a metal disk as shown to the right.(
4. Heat the metal disk with the compounds on it with a low flame (gentle heat), it should not smoke or catch fire.  Record the order they melt on your data table.  If the substance has not melted after three minutes place and “N” in the data table to indicate that it did not melt.
5. Test for conductivity in distilled water will be done as a class demo.  Record the result you view on your data table.
6. Use the data you have to determine whether each compound is ionic or covalent.

Compound data table

	Compound #
	Description
	Melting order
	Conductivity
	Covalent or Ionic

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	


Analysis question

1. What does Evansville water do in the conductivity test?  What does this tell you about our city water supply? __________________________________________________________________
______________________________________________________________________________

Laboratory Experiment 10

Types of chemical reactions
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Mass-Mass Stoichiometry and Limiting Reactant

Introduction


During this lab you will complete five experiments in order to observe and differentiate between the various types of reactions discussed in class.  
Procedure
Single Replacement

1. Fill a test tube half full of copper (II) Sulfate solution.  Add 2 grams of Fe Filings. Record your observations on your reaction data table.
Double Replacement

2. Fill a test tube half full of lead (II) Nitrate solution.  Add 6 drops of Potassium iodine solution.  Record your observations on your reaction data table.
Double Replacement

3. Pour the potassium nitrate solution (clear liquid) from the 2nd experiment into a clean test tube (Decant).  Add an equal amount of 6 M HCl.  Record your observations on your reaction data table.

Single Replacement

4. Fill a test tube half full of 6M HCl.  Put 2 pieces of magnesium ribbon in the solution.  Test the identity of the gas produced with a burning wood splint. (Point the test tube away from all people. Hold a burning wood splint over the top) Record your observations on your reaction data table.
Decomposition

5. Fill a 125 ml erlenmeyer flask about 1/3 full of fresh 3% hydrogen peroxide.  Add a small amount of yeast (catalyst) shake briefly and wait one minute.  Test the identity of the gas produced with a burning wood splint. (do not drop the splint in – the liquid will put it out) Record your observations on your reaction data table.

Reaction data table
	Reaction
	Observations

	1
	

	2
	

	3
	

	4
	

	5
	


Analysis questions

1. What happens to the burning wood splint when hydrogen is present? ____________________
______________________________________________________________________________
2. What happens to the burning wood splint when oxygen is present? ______________________
______________________________________________________________________________
3. Write the balanced equation for each reaction, with state symbols for each reaction.
Reaction 1.
_____________________________________________________

Reaction 2.
_____________________________________________________

Reaction 3.
_____________________________________________________

Reaction 4.
_____________________________________________________

Reaction 5.
_____________________________________________________
Laboratory Experiment 11
Building Molecules Lab
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Mass-Mass Stoichiometry and Limiting Reactant

Introduction


Using the VSEPR theory, the molecular geometry of molecules can be studied.  The VSEPR theory states the electrostatic repulsion between the valence level electron pairs surrounding an atom cause these pairs to be oriented as far apart as possible. 
Procedure
1. Draw the Lewis Structure for the given molecules.

2. Tell the VSEPR shape for each molecule.

3. Build the molecule using the large marshmallows as the central atom, small marshmallows as the attached atoms, and red hots to symbolize the lone pairs.  Lone pairs only have to be attached to the central atom.  Sketch the molecules and gat a stamp of approval

Data

	Molecule
	Lewis Structure
	Bond Angle
	VSEPR Shape
	Stamp
	Sketch

	Water


	
	
	
	
	

	Carbon Dioxide


	
	
	
	
	

	ONF


	
	
	
	
	

	NH2Cl


	
	
	
	
	

	CBrFIH


	
	
	
	
	

	SO3-2

	
	
	
	
	

	PH5

	
	
	
	
	

	SH6

	
	
	
	
	


Analysis

1.  What are lone pairs?

2.  Which molecules had non-polar bonds?  You must show work to prove your answer.
3.  How many electrons are surrounding the phosphorus atom in PH5?

4.  Why does the SO3-2 carry a negative two charge?

5.  Can oxygen form a triple bond?  Why or why not?

Laboratory Experiment 12
Radiation Experiments 
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Mass-Mass Stoichiometry and Limiting Reactant

Introduction


Small quantities of radioactive materials occur naturally in the air we breathe, the water we drink, the food we eat, and in our own bodies. Radiation that goes inside our bodies causes what we refer to as internal exposure. The exposure that is referred to as external comes from sources outside the body, such as radiation from sunlight and man-made and naturally occurring radioactive materials.  Radiation doses that people receive are measured in units called "rem" or "sievert." (One sievert is equal to100 rem.) Scientists estimate that the average person in the United States receives a dose of about one-third of a rem per year. Eighty percent of typical human exposure comes from natural sources and the remaining 20 percent comes from artificial radiation sources, primarily medical x-rays. Radiation can affect the body in a number of ways, and the adverse health consequences of exposure may not be seen for many years. These adverse health effects can range from mild effects, such as skin reddening, to serious effects such as cancer and death, depending on the amount of radiation absorbed by the body (the dose), the type of radiation, the route of exposure, and the length of time a person is exposed. Exposure to very large doses of radiation may cause death within a few days or months. Exposure to lower doses of radiation may lead to an increased risk of developing cancer or other adverse health effects.   The three basic ways to reduce your exposure are through:


TIME:
 Decrease the amount of time you spend near the source of radiation.
DISTANCE:
 Increase your distance from a radiation source.
SHIELDING: Increase the shielding between you and the radiation source. Shielding is anything that creates a barrier between people and the radiation source. Depending on the type of radiation, the shielding can range from something as thin as a plate of window glass or as thick as several feet of concrete. Being inside a building or a vehicle can provide shielding from some kinds of radiation.

Procedure

1.
Be quite and pay attention to the instructor – he or she is the one getting 

irradiated for your education.

2.
Determine the background radiation by counting the number of clicks in one-minute form the Geiger counter.  Record this on your data table.

Radiation a distance

3.
 Record the source being used in the table labeled radiation and distance.

4.
Count the number of clicks 5 cm from the Geiger counter and record.  Repeat for all the distances in the table.

5.
 Repeat with a second and third source if time permits

Radiation and distance

	Distance

	Source # 1

_____________________


	Source # 2

____________________
	Source # 3

____________________

	
	Number of clicks
	Number of clicks
	Number of clicks

	5 cm
	
	
	

	10 cm
	
	
	

	15 cm
	
	
	

	20 cm
	
	
	

	30 cm
	
	
	

	40 cm
	
	
	

	50 cm
	
	
	


Radiation and Shielding

7.
Record the number of clicks in one minute with no shielding at 1-2 cm from the Geiger counter with the first source in the table labeled radiation and shielding.

8.
 Add shielding between the Geiger counter and source start with your weakest or thinnest shielding and continue until you find shielding that reduces the geiger counter clicks to the back ground.  Place an “X” in the box of the appropriate shielding.

9.
Use the type of shielding required to determine which type or types of radiation are being emitted by the source.  Record this in the chart.

10. 
Classify each of the sources and rate them from most dangerous to least in the boxes labeled rating on the chart.

11.
 Graph the results of the radiation and distance study.  Place the distance on you Y-axis, and number of clicks on your X-axis. Use a different color for each source.
12.
Create a bar graph of the number of click produced by each source with no shielding.  Use the data in the table labeled “Radiation and shielding”

Hint – all graphs need to be big, have labeled Axis, and titles
Radiation and Shielding

	Source
	# Clicks w/ no

Shielding
	Shielding
	Types of particles present
	Rating

	
	
	Paper
	Plastic
	Wood
	Al
	Lead
	
	

	Fiesta ware


	
	
	
	
	
	
	
	

	Uranium oxide

U3O8

	
	
	
	
	
	
	
	

	Other
	
	
	
	
	
	
	
	

	Other


	
	
	
	
	
	
	
	


Back ground radiation - # ___________Clicks

Analysis questions


1.
 Which of all the sources tested would be the most dangerous to carry in 

your pocket?  Explain your choice.


2.
Which shielding would provide the most protection from radiation for the 

least amount of weight? Explain your choice.


3.
Which is more effective in blocking radiation distance or shielding? Why?

Laboratory Experiment 13
Mass-Mass Stoichiometry and Limiting Reactant

 XE "Limiting Reactant" tc \l2 "

Mass-Mass Stoichiometry and Limiting Reactant

Introduction
This experiment is an example of mass-mass stoichiometry XE "stoichiometry" .  Avogadro found that there is a simple, whole number ratio XE "mole ratio" 

 XE "mole ratio"  between the number of moles of reactant and the number of moles of product.  Being able to predict the amount of product that can be made with a certain amount of reactant(s) (starting materials), is the usual goal of a stoichiometry problem.  Obviously, this technique is used in any type of manufacturing.  In order to make a product to sell, you must first have enough parts to make the desired amount of product.

A good analogy to stoichiometry is cookie baking.  If you have 3 eggs, one pound of flour, two pounds of sugar, and a bag of chocolate chips, how many cookies can you make?  The answer depends upon the ratios of eggs, flour, sugar, and chocolate chips needed per cookie.  A recipe will generally tell you the ratios of these starting materials (reactants) needed to make a specific amount of cookies (product), say for example two dozen.  If the ratios are wrong, you have waste remaining.  If you do nothing about the uneven balance of ingredients caused by the waste, the cookies don't taste right, or may fall apart.

In chemistry, the same is true.  In order to make a chemical, we must first start with the right amounts of ingredients.  Leftover ingredients are waste, and are both costly and an environmental concern.  The ratio of the reactants needed is found by a mole ratio.  The mole ratio is found by the coefficients in a balanced equation.  For example, look at this equation:

3  Na  +  P  ----->  Na3P

According to this balanced equation, it takes 3 times as many Na atoms as it does P atoms to make Na3P.  The ratio is 3:1.  We could do this reaction with any number of atoms, as long as we have 3 times as many sodiums as we do phosphorous atoms.        

What happens if we don't have the right ratio?  What if we have too much of a reactant, or not enough of a reactant?  Well, the reaction takes place until we run out of something.  Let's go back to the cookie example.  If you have 3 eggs, a pound of flour, 250 pounds of sugar, and a bag of chocolate chips, it should be obvious that we have way too much sugar.  We would then say that this reactant is in "excess."  There is more than enough of this reactant present to complete the reaction.  What determines how many cookies we can make?  The ingredient that runs out of first, of course.  If we run out of eggs, we can't make any more cookies, and the remaining ingredients are left over, or "excess.

Again, the same is true in chemistry.  The reactant that runs out first will decide how much product can be made.  This is called the "limiting reactant."  When doing a stoichiometry problem, you must always start with the limiting reactant, because it controls when product is no longer made.  Starting a problem with a reactant in excess would be foolish, because you know that not all of that reactant will be used.  Some of it will be left over.

In real life chemistry, there is one small problem with all of this.  How do you make sure you have three times as many atoms of sodium as you do phosphorous?  Can you count the atoms by hand?  Of course not, they're too small.  What we must do is use the mass of the atoms.  The mass does not tell us how many atoms are present, but it does tell us how much they "weigh."  If we knew how much a single atom weighed, we could divide the mass of all the atoms by the mass of one atom, and come up with the number of atoms.  This is what takes place in a gram to mole conversion.  The molecular weight of a compound (or atomic weight if just an element) is the weight of one mole.  So, if we take the grams of the reactant, and divide by the molecular (or if an element, atomic) weight, we get moles.  Moles is a number of atoms, not a weight of atoms.  Think of moles just like you would a dozen.  A dozen means you have 12.  A dozen doughnuts and a dozen cars will weigh totally different, but you have the same number of them, 12.  A mole of hydrogen and a mole of sulfur hexafluoride will weigh totally different, but there will be the same number of them present, 6.02 X 1023.

Pre-Lab assignment
1.  Calculate the mass of exactly 0.005 moles of Pb(NO3)2 ____________________ g Pb(NO3)2
2.  Calculate the mass of exactly 0.005 moles of K2CrO4. _______________________ g K2CrO4
Procedure
CAUTION: Both the reactants and products in this experiment are very poisonous.  Be sure to wash your hands completely when you are finished with the lab!

3.  Put on your safety glasses or goggles.
4.  Obtain the number of grams of Pb(NO3)2 you calculated in step 1 in a weighing boat.  Make your weighing reasonably close, but do not waste time getting the exact mass you calculated. 
5.  Record the exact mass you actually obtained of Pb(NO3)2 on your data table.
6.  Put the white Pb(NO3)2 in a clean 250 mL beaker, and add about 30 mL of distilled water.  Stir until all the crystals have dissolved.  Warm if necessary.

7.  Obtain the number of grams of K2CrO4 you calculated in step 2 in a weighing boat.  Again, make your weighing reasonably close.  Record the exact mass you actually obtained of K2CrO4 on your data table.
8.  Put the yellow K2CrO4 in a different clean, dry beaker or flask (any size).  Add about 20 mL of distilled water.  Stir until the crystals have dissolved.  Warm if necessary.

9.  Slowly add small portions at a time of the yellow K2CrO4 solution into the clear Pb(NO3)2 solution.  Stir continuously.

10.  To make sure all the K2CrO4 is transferred, rinse the K2CrO4 container several times with a few milliliters of distilled water.  Add the washings to the Pb(NO3)2 beaker.

11.  Gently heat the mixture to the boiling point (when steam is produced... not a rolling boil!).  As soon as the mixture reaches the boiling point, turn off the heat source.  Allow the precipitate (the solid) to settle to the bottom.  (Another hint that the solution has been heated enough is when all the solid is more orange in appearance than the original bright yellow.)

12.  Obtain a piece of filter paper.  Record the mass of the filter paper on your data table.
13.  Separate the solid from the liquid as much as possible by filtering the precipitate.  Use a paper funnel.  Catch the liquid in a clean 250 mL Erlenmeyer flask.  HINT: Try to filter as much of the liquid as possible before allowing the yellow sludge to pour into the funnel to avoid clogging the filter.  (To make a paper funnel, fold the piece of filter paper in half.  Then, fold the paper in half again.  Pull three of the four edges of the paper toward you, making a snow cone cup.  Place the paper into a glass funnel, and soak the paper with distilled water.

14.  Add about 20 mL of distilled water to the precipitate in the beaker.  Swirl.  Pour the liquid through the funnel as before.

15.  Repeat step 15.

16.  When the filtering is complete, remove the filter from the funnel, and place it on a watch glass.  Let it dry until the next lab session.

17.  (only if you are doing the optional steps)Label the flask containing the liquid with your name, and cork the top.  Store the liquid for the next lab session. 
18.  Clean up all equipment and your area, Wash your hands, and return your safety glasses to the storage cabinet.  Return to the classroom.

Next lab day
20.  Put on safety glasses.  Record the mass of the dried filter paper and product from step 16. Record this on your data table.  Throw the yellow product away.  Return to the class room.

Data Table.
	Data
	Mass in grams

	Exact mass of Pb(NO3)2


	

	Exact mass of K2CrO4


	

	Filter paper


	

	Mass of dried filter paper and product


	

	Mass of product


	


Optional steps

21.  Evaporate some of the liquid from step 18 in an evaporating dish.  (Get a ring stand.  Put your Bunsen burner on the base of the stand.  Attach an iron ring so that it is a few cm above the top of the burner.  Put a wire gauze on top of the ring.  Set the evaporating dish on the wire gauze.  Light the burner, and add heat carefully until the liquid is evaporated.)  Observe what remains in the dish.

22.  Clean up all equipment and your area, as described on your cleaning checklist on the back of your equipment list in your drawer.  Scrape as much of the yellow solid into the solid waste container as possible.  Since this is a precipitate, it will not dissolve in water.  As a last resort, you may need acetone, alcohol, or nitric acid to finish cleaning the beaker.  Pour the remaining clear solution down the drain.  Remove the labels from your lab equipment.  (Acetone helps remove adhesives.) 

Calculations
1.  Using your data, find the mass of the yellow solid precipitate.  (This is called the actual or experimental yield... how much product you actually made.)

2.  Using stoichiometry, determine the theoretical mass of the yellow solid precipitate.  (Start with your ACTUAL masses of reactants from steps 5 and 8, and calculate how much you were supposed to be able to make.)

3.  Find the percent error.  (See the formula below if you forgot the equation for percent error.)

 |  experimental  -  theoretical |
% error =   -----------------------------------------------     X   100

              theoretical

Analysis questions
1.  Write the balanced equation for the reaction that took place.

2.  Which of the two products was the precipitate?

3.  What was remaining in the bottom of the evaporating dish in step 22?

4.  Why were some people's filtrates (liquids that were filtered through the paper) yellow, and some were not?  HINT:  Think about everything that was yellow in the experiment.  Remember, it can't be the precipitate because it was a solid!
4.  What were some possible causes of the error?

5.  The law of conservation of mass states that matter can not be created nor destroyed.  In other words, we must end with the same amount of material that we started with.  Add up the total mass of the reactants, and compare it to the mass of the product.  Did the law of conservation of mass hold true?  Why or why not?

Laboratory Experiment 14
Molar Volume of a Gastc \l2 "

Molar Volume of a Gas
Introduction
In this experiment, we will produce Hydrogen gas.  If we make the gas in the open air of the lab, the gas will mix with the other gases in the air, and can not be measured.  Therefore, the gas must be confined in a way so that air can not mix with the Hydrogen.  For this reason, this experiment will be completed under water.  So, throughout the experiment be sure to always keep the end of the eudiometer (gas collecting tube) under water until the lab is completed.

The volume of a gas per mole, otherwise known as molar volume XE "molar volume, gas" , at standard temperature and pressure is 22.4 Liters per mole, no matter what gas is measured.  Avogadro used this property to develop his law that atoms combine in simple, whole number ratios.  Our task will be to make some Hydrogen gas, H2, and find its molar volume.  Normally, we could simply measure the gas by reading the volume marks on a measuring tube.  But, there are two problems introduced since a gas is being measured: 1) the gas must be kept under water to prevent air from mixing with the hydrogen, and 2) the lab conditions are not at STP.  So, we must also account for Dalton's Law of Partial Pressures, and do an STP conversion to find the correct answer.  First, the partial pressure of water vapor must be subtracted from the atmospheric pressure of the air in the lab.  This value can be obtained from the textbook or the CRC Handbook of Chemistry and Physics.  Once this is subtracted, we can use the gas laws to find the volume of a gas.  To find the molar volume, simply divide the volume by n, the number of moles.

Procedure
Put on your safety glasses or goggles.

1.  Fill a large beaker (800, 1000, or 2000 mL) about two-thirds of water that has been adjusted to room temperature.  Obtain a piece of Magnesium ribbon between 3 and 4.5 cm long.  Find the mass of the magnesium, and record in the data table.  Use the most accurate balance available for this measurement.

2.  Roll the ribbon into a loose coil, cut a piece of thread about 25 cm in length.  Tie one end of the thread around the Mg ribbon coil. 

[image: image22.wmf]
3.  CAREFULLY pour 10 mL of 6M hydrochloric acid into graduated cylinder.  

CAUTION:  Hydrochloric acid is a strong acid.  Be sure to avoid spillage.  This acid can cause burns, and has a caustic vapor.  If the acid should get on your skin, IMMEDIATELY wash the affected area with plenty of water, and check with your teacher.  Spills on the lab desk or floor should be neutralized with baking soda (or baking soda solution) before being cleaned up.

4.  CAREFULLY pour the hydrochloric acid from the graduated cylinder into the gas measuring tube.  Tip the tube at an angle, and layer water from your large beaker over the acid.  Try to keep the acid from mixing so that it remains below the water.  Fill the tube completely with the water.

5.  Lower the magnesium into the water in the tube to a depth of about 5 cm.  Lay the thread over the side of the gas measuring tube.  Insert a 1-hole rubber stopper into the tube, making sure it holds the thread in position.  A small amount of water should run over the side of the tube, ensuring no air inside the tube.



6.  Cover the hole with your finger, and invert the tube.  While keeping the hole covered, place the tube into the large beaker of water.  Do not uncover the hole until the end of the tube is below water.  Clamp the tube to a ring stand using a buret clamp.

7.  As the acid flows through the water, it will reach the magnesium, and a reaction will occur.  When the magnesium has disappeared and the reaction has stopped, carefully cover the hole once again with your finger.  (The acid has been diluted and reacted, so it is safe to do this.)  While keeping the hole covered, transfer the tube to a large (1L or bigger) graduated cylinder that has been filled with water. (You may have to share cylinders.)  Lower the tube far enough into the water so that the level of the water inside the gas tube is the same as outside the gas tube.  Read the volume of the gas in the gas measurement tube as accurately as possible, and record in the data table.

8.  Be sure to record the room temperature and pressure.  Be sure to include units.

9.  Look up the vapor pressure of water at the room temperature you found.  This number can be found in your textbook 

10.  Clean up all equipment and your area,  return the gas collecting tubes with stopper intact.   Dispose of the thread and water in the large beaker.  Keep the water in the large cylinder.  Return your safety glasses, wash your hands, and return to the classroom.

Data table
	Mass of Mg ribbon
	                      grams

	Volume of H2 gas at lab conditions
	                      mL

	Temperature of H2 gas (room temp.)
	                      deg C

	Barometer (room pressure)
	

	Vapor pressure of water at temp. above
	                       mm Hg


Calculations
1.  Convert the barometric pressure to mm Hg, if necessary.

2.  Using Dalton's Law of Partial Pressures, determine the actual pressure of the dry H2 gas present in the tube.

3.  Write the balanced equation for this reaction.  
4.  Using the grams of Mg, determine the number of moles of H2 produced.

5. Calculate the volume of the dry Hydrogen gas at STP, using the combined gas law.

6.  Find the molar volume at STP of the hydrogen gas you generated in lab, in units of L/mole.  (Volume at STP / moles of H2)
7.  Find the % error in your measurement.  (assuming an ideal gas, 22.4 L = 1 mole)

Laboratory Experiment 15
Acids and Basestc \l2 "

Acids and Bases
Introduction
Acids XE "Acids"  and bases XE "bases"  are commonplace in today's society.  While some acids (and bases) can be very dangerous, toxic, and corrosive, some acids are weak and essential to life.  Here are some examples of common uses of acids and bases:

Hydrochloric acid


Stomach acid, Drain opener

Acetic acid



Vinegar

Acetylsalicylic acid


Aspirin

Ascorbic acid



Vitamin C

Amino acids



Proteins, DNA, RNA

Sulfuric Acid



Battery Acid, catalyst

Citric Acid



Candy, Fruits, Some soft drinks

Phosphoric Acid


Soft Drinks

Magnesium hydroxide

Milk of Magnesia

Sodium bicarbonate


Baking Soda, Alka-Seltzer

Sodium hydroxide


Drain opener, Bar Soap

Calcium carbonate


Tums, Pepto-Bismol

Aluminum hydroxide


Maalox, Mylanta

Ammonia



Windex

Potassium hydroxide


Liquid Soap

The goal of this laboratory exercise is to determine whether a household chemical is an acid or a base.  A variety of testing methods will be used.

Litmus paper XE "Litmus paper"  - A color change of litmus, a dye, will occur when in contact with an acid or base.  A change is required for a positive test; the lack of a change does not necessarily indicate acidity or alkalinity.  To test using a paper strip, place a stir rod into the solution to be examined.  Remove the stir rod, and touch the end of the stir rod to the litmus paper, leaving a small drop of the solution.  If blue paper turns red, the solution is acidic (Blue to Red... Acid)  If red paper turns blue, the solution is basic (Blue = Basic).  Litmus paper strips should be long enough to support 2 or 3 tests per strip.  Litmus changes near a pH of 7.  Be sure to clean the stir rod after each test with some distilled water.

pH XE "pH:paper" 

 XE "pH:paper"  paper - A color change on a pH strip not only can identify an acid or base, but can also estimate the strength of the acid or base.  Use the same procedure of testing as with the litmus paper.  Compare the color obtained by the strip to the chart on the container of pH paper to obtain the approximate pH.

Universal Indicator XE "Universal Indicator"  - This liquid works much like pH paper, but in liquid form.  Place about 10 drops of the solution to be examined in a clean test tube.  Add 2-3 drops of universal indicator.  Compare the color of the solution to the chart on the side of the universal indicator bottle to obtain the approximate pH.

Red Cabbage juice XE "Red Cabbage juice"  - Red cabbage juice is a natural indicator.  You can make this by boiling a few leaves in water for about 5 minutes to get a dark purple solution.  A pink-orange color indicates a pH of 1-4, lavender 5-6, purple 7, green 8-11, and yellow at 12-13.    (Alternative method: Radishes - Take a piece of paper, and rub the skin of a radish all over the paper to color it.  Add a drop of the chemical to be tested to the paper, and note the color change.)

pH meter XE "pH:meter"  - A more exact method is to test the electrical conductivity of the acid or base with a voltmeter or pH meter.  Once the meter is calibrated, simply lower the electrode into the solution and swirl.  Make sure the end of the electrode is completely immersed in the solution.  Record the meter reading or readout.  Be sure to rinse the electrode with distilled water after each test, and turn the meter off at the end of the lab session.  Unless you are taking extremely accurate measurements, the pH meter should not need to be calibrated.  If you think your meter should be re-calibrated, check with your instructor first.  (To calibrate a pH meter, place the meter in a neutral pH solution, and adjust the control until the exact pH of the buffer solution is obtained.  Then, it should be calibrated again with a buffer in the acid pH range if testing for an acid (usually  4.01), or a basic range if testing for a base (usually 10).  Buffer solutions are often color coded so they may be easily identified and re-used.)

Procedure

(Be sure to use only equipment in your A or B lab drawer, or equipment provided.  Do not use equipment in drawers C or D.)

Put on your safety glasses or goggles.

Obtain 10 drops of 5 or 6 household chemicals in individual test tubes.  (Clean your dropper between each use!)  Be sure to label each.  (Never pour solutions back into their stock bottles to avoid contamination.)  Then, test each solution using the directions above, and complete the chart.  Rinse the test tubes, and obtain a new set of solutions.  Repeat until all required solutions have been tested.

When your table is complete, clean up all equipment and your area, as described on your cleaning checklist on the back of the equipment list in your drawer.   Return the pH meters, color charts, and test strip vials.  Pour all solutions down the drain.  Throw all used paper test strips in the trash can.  Do not leave test strips in the sinks, counter, or floor!  Wash your hands, and return your safety glasses to the storage cabinet.  Return to the classroom.

Data table
	Chemical
	blue litmus
	red

litmus
	pH

meter


	   pH paper

color      pH 
	univ.indicator

color       pH
	red

cabbage

	ammonia
	
	
	
	
	
	
	
	

	apple juice
	
	
	
	
	
	
	
	

	baking soda**
	
	
	
	
	
	
	
	

	bleach
	
	
	
	
	
	
	
	

	coffee
	
	
	
	
	
	
	
	

	drain opener
	
	
	
	
	
	
	
	

	orange juice
	
	
	
	
	
	
	
	

	lemon juice
	
	
	
	
	
	
	
	

	liquid soap
	
	
	
	
	
	
	
	

	soft drink
	
	
	
	
	
	
	
	

	tea
	
	
	
	
	
	
	
	

	Tums/Rolaids**
	
	
	
	
	
	
	
	

	vinegar
	
	
	
	
	
	
	
	

	water, distilled
	
	
	
	
	
	
	
	

	water, tap
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


** To test solids, place a few grains in some distilled water.

Analysis questions
Using only the data table on the previous page, classify each chemical as acid, base, or neutral.  Check or X the appropriate box below for each.  Some results may conflict...use your best judgment.

	Chemical
	Acid
	Base
	Neutral

	ammonia
	
	
	

	apple juice
	
	
	

	baking soda
	
	
	

	bleach
	
	
	

	coffee
	
	
	

	drain opener
	
	
	

	orange juice
	
	
	

	lemon juice
	
	
	

	liquid soap
	
	
	

	soft drink
	
	
	

	tea
	
	
	

	Tums/Rolaids
	
	
	

	vinegar
	
	
	

	water, distilled
	
	
	

	water, tap
	
	
	

	
	
	
	

	
	
	
	


Analysis Question

1.  Construct a bar graph that has the items on the X axis and the ph on the Y axis.
Laboratory Experiment 16
Standardization of a NaOH solutiontc \l2 "

Standardization of a NaOH solution
Introduction
A titration XE "titration"  is a common laboratory technique that is used to determine the exact Molarity XE "Molarity"  of a solution.  This procedure requires the addition of a solution of known concentration, called a standard solution, with a solution of unknown concentration until the reaction is complete.  This point is called the equivalence point, when the amount of each are equal, when taking into account the mole ratio between the two.  In an effort to observe this equivalence point, an indicator XE "indicator"  is used.  An indicator is a substance that changes color at a specific pH.  The endpoint is reached when the indicator undergoes such a color change.  By selecting an indicator that has an endpoint XE "endpoint"  near the equivalence point, one can visually observe about when the equivalence point XE "equivalence point"  is reached.

In this experiment, potassium hydrogen phthalate (or sometimes called potassium biphthalate) is used as the primary standard.   KHP, as it is often abbreviated,  is a white crystalline acid of very high purity.  By using a pure, stable substance like KHC8H4O4 (the molecular formula of KHP) as a primary standard that does not absorb water easily, extremely accurate results can be made.  By finding the mass of the KHP at the beginning of the experiment, it is easy to make a conversion to moles (mol wt. = 204.2 g/mol).  Since KHP has a 1:1 mole ratio with NaOH XE "titration:NaOH"  in a reaction, this is also the amount of moles of NaOH that should be used in the titration.  By finding the volume of NaOH used, the Molarity can then be calculated.

Procedure
(Be sure to use only equipment in your A or B lab drawer, or equipment provided.  Do not use equipment in drawers C or D.)

Put on your safety glasses or goggles.

1.  Calculate the amount of grams needed to make 500 mL of 0.1 M NaOH solution.  Check with your instructor to make sure your calculation is correct.

2.  Obtain a 500 mL plastic bottle.  Clean it out well, and put you and your lab partner's name on the bottle with a label or masking tape.  Rinse the bottle with a small portion of distilled water.

3.  Obtain the amount of NaOH pellets you calculated in step 1 on a piece of weighing paper.  BE SURE TO CLEAN UP ANY SPILLED PELLETS.  DO NOT LEAVE ANY NaOH PELLETS ON THE BALANCES, IT WILL DAMAGE THEM.  (CAUTION:  NaOH pellets can cause base burns.  NaOH has a slippery feel.  If it should come into contact with the skin, wash the affected area IMMEDIATELY, and check with your instructor.  If a burning sensation is present, spray some boric acid or baking soda solution on the affected area and wash thoroughly.)

4.  Add the pellets to the volumetric flask.  Add 200 mL distilled water to the flask.  Mix carefully until all the pellets have dissolved.  (CAUTION:  The flask will get warm when this reaction takes place.)

5.  Fill the flask to the fill line (a small, thin line that circles the neck of the flask) with distilled water.  Use a dropper for the last few drops.  Be sure the bottom of the meniscus sits exactly on the line.

6.  Pour this solution into your plastic bottle.  Mix well.  Cap the bottle, and store for the next lab session.  Wash out the volumetric flask, and return it.

7.  Obtain a clean, dry 250 mL Erlenmeyer flask.  Obtain between 0.3 and 0.5 grams of KHC8H4O4 on a piece of weighing paper.  Then, add the solid acid to the flask.  Record the EXACT mass of KHP added in the data table.  Cover the flask with a stopper or parafilm, and label it.  Store for the next lab session.

DAY TWO

8.  Add about 50 mL of distilled water to the Erlenmeyer flask containing the KHP.  Add 2 drops of phenolphthalein indicator.  Stir until dissolved.

9.  Obtain a buret and buret clamp.  Clean the buret with distilled water first.  Do this by adding 5-10 mL of distilled water to the tube with the nozzle in a closed position.  Be sure the washer on the nozzle has been tightened, but not so much that the valve can not be opened or closed.  Spin the tube while tilting the open end slowly down toward the sink.  Coat the entire tube with the water.  Repeat.  Also, run 2-3 mL of water through the nozzle.

10.  Repeat step 9, using your NaOH solution in place of the distilled water.  Then, fill the buret close to the 0 mark at the top with the NaOH solution. (A funnel is helpful here.  Be sure to stop pouring before the liquid reaches the bottom part of the funnel.  Also, remove the funnel before the next step.)

11.  Run a small amount of NaOH through the nozzle into a waste beaker.  If you filled the buret above the 0 mark, drain enough NaOH through the buret so that the meniscus is at or below the 0 mark.  Read the exact volume, in mL, with as much accuracy as possible.  Record this volume as "initial volume" in the data table.

12.  Place the Erlenmeyer flask containing the KHP under the nozzle of the buret.  A white background is helpful in detecting the color change.  If the base of your ring stand is not white, place a white piece of paper or index card under the flask.  Add the NaOH solution to the flask, swirling continuously.  As the pink color starts to appear at the top of the solution, add the NaOH drop by drop until a faint pink color fills the solution, and remains, with swirling, for 30 seconds.  Do not allow the NaOH level to go below the last measurement mark on the buret (usually 50 mL). If the solution has not turned pink after the NaOH reaches 50 mL, write down the final volume reading and refill the buret.  Add the two amounts together when you record your volume of NaOH used in the data table.  

13.  Read the volume as accurately as possible, and record this volume as "buret reading, final" in the data table.

14.  Dispose of the solution in the Erlenmeyer flask down the drain.  Refill the buret with NaOH.  If you used less than 25 mL of NaOH, use more KHP next time.  If you used more than 45 mL of NaOH, use less KHP next time.

15.  Obtain another sample (0.3 - 0.5 g) of KHP, and place it in the Erlenmeyer flask.  Add 50 mL of distilled water, and 2 drops of phenolphthalein, and repeat the procedure, beginning with step 11.

16.  Repeat a third time if time permits.

17.  Save your remaining NaOH solution for the next lab.

18.  Clean up all equipment and your area, as described on your cleaning checklist on the back of the equipment list in your drawer.   Rinse the buret with water.  Hang the buret upside down, and open and loosen the valve.  Place the buret assembly on the shelf above the counter.  Store your NaOH solution if needed for additional labs.  Return the phenolphthalein.  Wash your hands, and return your safety glasses to the storage cabinet.  Return to the classroom.

Data table
	
	Trial 1
	Trial 2
	Trial 3

	Mass of KHC8H4O4 (g)
	          
	  
	

	Buret reading (NaOH), final (mL)
	
	
	

	Buret reading (NaOH), initial (mL)
	
	
	


Calculations

	
	Trial 1
	Trial 2
	Trial 3

	Moles of KHC8H4O4 (mol)
	           
	
	

	Moles of NaOH added (mol)
	
	
	

	Volume of NaOH added (mL)
	
	
	

	Volume of NaOH added (L)
	
	
	

	Molarity of NaOH (mol/L)
	
	
	


Average Molarity = ______________  mol / L

Show work for calculations for trial 1 only below.

Analysis questions
1.  If a drop of NaOH adhered to the side of the Erlenmeyer flask, would the molarity be too high or too low?

2.  If a drop of NaOH adhered to the side of the buret, would the molarity be too high or too low?

3.  If the endpoint is surpassed (the solution is too pink), would the molarity be too high or too low?

Laboratory Experiment 17
Vinegar Titrationtc \l2 "

Vinegar Titration
Introduction
Household vinegar XE "titration:vinegar" 

 XE "titration:vinegar"  is a weak solution of acetic acid, HC2H3O2, in water.  The goal of this lab is to determine the % acetic acid in vinegar, and to compare different brands of vinegar XE "vinegar"  to see if they truly are the same.  To do this, an acid-base titration will be used once again.  The NaOH solution, which was standardized in the previous lab, will be used as the standard in this procedure.

Procedure
Put on your safety glasses or goggles.

1.  Obtain about 15 mL of a brand of vinegar in a small beaker.  Record the brand name in the data table.

2.  Pipet exactly 3 mL of vinegar from your small beaker into a clean, dry 250 mL Erlenmeyer flask.  (Clean the pipet after each use.  Be sure to use a pipet pump or bulb to draw the liquid into the pipet.   Never use your mouth to do this.  Avoid drawing liquid up into the pump or bulb itself.  If this should happen, be sure to rinse the bulb.)  Add about 25 mL distilled water, and 2 drops of phenolphthalein to the vinegar.

3.  Obtain a buret and buret clamp.  Clean the buret with distilled water first.  Do this by adding 5-10 mL of distilled water to the tube with the nozzle in a closed position.  Be sure the washer on the nozzle has been tightened, but not so much that the valve can not be opened or closed.  Spin the tube while tilting the open end slowly down toward the sink.  Coat the entire tube with the water.  Repeat.  Also, run 2-3 mL of water through the nozzle.

4.  Repeat step 3, using your NaOH solution in place of the distilled water.  Then, fill the buret close to the 0 mark at the top with the NaOH solution. (A funnel is helpful here.  Be sure to stop pouring before the liquid reaches the bottom part of the funnel.  Also, remove the funnel before the next step.)

5.  Run a small amount of NaOH through the nozzle into a waste beaker.  If you filled the buret above the 0 mark, drain enough NaOH through the buret so that the meniscus is at or below the 0 mark.  Read the exact volume, in mL, with as much accuracy as possible.  Record this volume as "initial volume" in the data table.

6.  Place the Erlenmeyer flask containing the vinegar under the nozzle of the buret.  A white background is helpful in detecting the color change.  If the base of your ring stand is not white, place a white piece of paper or index card under the flask.  Add the NaOH solution to the flask, swirling continuously.  As the pink color starts to appear at the top of the solution, add the NaOH drop by drop until a faint pink color fills the solution, and remains, with swirling, for 30 seconds.  Do not allow the NaOH level to go below the last measurement mark on the buret (usually 50 mL). If the solution has not turned pink after the NaOH reaches 50 mL, write down the final volume reading and refill the buret.  Add the two amounts together when you record your volume of NaOH used in the data table.  

7.  Read the volume as accurately as possible, and record this volume as "final volume" in the data table.

8.  Dispose of the solution in the Erlenmeyer flask down the drain.  Refill the buret with NaOH.  If you used less than 25 mL of NaOH, use 1 mL more vinegar next time.  If you used more than 45 mL of NaOH, use 1 mL less vinegar next time.

9.  Pipet another sample of vinegar, and place it in the Erlenmeyer flask.  Add 25 mL of distilled water, and 2 drops of phenolphthalein, and repeat the procedure, beginning with step 5.

10.  Repeat a third time if time permits.

11.  Save your remaining NaOH solution for the next lab.

12.  Clean up all equipment and your area, Rinse the buret with water.  Hang the buret upside down, and open and loosen the valve.  Place the buret assembly on the shelf above the counter.  Store your NaOH solution if needed for additional labs.  Return the phenolphthalein.  Wash your hands, and return your safety glasses to the storage cabinet.  Return to the classroom.

Data
	Brand of vinegar = ____________
	Trial 1
	Trial 2
	Trial 3

	Volume of vinegar (mL)
	
	
	

	Buret reading (NaOH), final (mL)
	
	
	

	Buret reading (NaOH), initial (mL)
	
	
	


Average Molarity of NaOH Solution (from previous lab) =  ______________ mol / L

Calculations
Brand of vinegar _____________________________________
	
	Trial 1
	Trial 2
	Trial 3

	Volume of NaOH added (mL)
	
	
	

	Volume of NaOH added (L)
	
	
	

	Moles of NaOH added (mol)
	
	
	

	Molarity of vinegar (mol/L)
	
	
	


Average Molarity of vinegar = ____________________  mol / L

(Show calculations for trial 1 only below.)

Analysis Questions
1.  Using your average Molarity, calculate the number of grams of acetic acid present in 1 L of vinegar.

Laboratory Experiment 18
Antacid Titrationtc \l2 "

Antacid Titration
Introduction
This titration XE "titration:back" 

 XE "titration:back"  again is used to analyze the strength of a household product.  In this case, an antacid XE "antacid"  will be analyzed.  Commercial antacids are bases that are used to neutralize excess stomach acid.  Acidosis can often lead to health problems, including ulcers.  Brands may vary, but all use some form of base, such as magnesium hydroxide, aluminum hydroxide, or sodium bicarbonate.  Generally, the pH of the stomach should be between 1.0 and 2.0.  When the pH is lower, "heartburn" generally occurs.

Since a base has already been standardized, NaOH will be used as the titrant.  However, since antacids are bases, no reaction would occur with a direct titration.  So, a process is used called a "back" titration.  Before the titration is started, simulated stomach acid, HCl, is added to the antacid.  Enough HCl is added so that all the antacid is neutralized, and an excess of HCl remains.  The NaOH will be titrated against the excess HCl.  The amount of antacid can then be found by subtracting the excess from the total amount of HCl:

moles of antacid =  moles of HCl  -  moles of NaOH

Bromophenol blue will be used as the indicator XE "indicator"  in this reaction.  Bromophenol blue is yellow in acidic solution, and blue in a basic solution.  

Procedure
Put on your safety glasses or goggles.

1.  Obtain an antacid tablet.  Record the brand name in the data table.  Grind the tablet, using a mortar and pestle.  Use this same powder for all your titrations.  You should have enough to also share with another group.

2.  Measure about 0.3 grams of antacid powder on a piece of weighing paper.  Record the exact mass in the data table.  Place the massed antacid powder into a 250 mL Erlenmeyer flask.
3.  Pipet 50.0 mL of 0.1 M HCl into the flask and swirl.  Record the exact molarity of the HCl in your data table.  Heat the solution to a gentle boil for one minute to remove any CO2 that may have dissolved.

4.  Add 4-6 drops of bromophenol blue indicator.  If the solution is blue, pipet an additional 25.0 mL of 0.1 M HCl into the solution, and boil again.  (Do not add a partial amount!  If you must add acid, add the entire 25 mL.)

5.  Clean and fill the buret in the usual manner, first with water, then with NaOH solution.  Record the molarity of your NaOH solution in the data table.

6.  Record the initial volume of NaOH in your data table.  Be sure to be as accurate as possible, and read the volume from the bottom of the meniscus.

7.  Carefully add the NaOH from the buret to the flask.  When a single drop of NaOH changes the color from yellow to blue (not gray), stop and record the final volume in the data table.

8.  Refill the buret and repeat the experiment with the same brand of antacid.

9.  Clean up all equipment and your area, dispose of your remaining NaOH solution by pouring the excess down the drain.
Data
	Brand of antacid = ____________
	Trial 1
	
Trial 2

	Mass of antacid (g)
	
	

	Volume of Acid, HCl (mL)
	
	

	Molarity of HCl (mol/L)
	
	

	Molarity of NaOH (mol/L)
	
	

	Buret reading, final (mL)
	
	

	Buret reading, initial (mL)
	
	


Calculations
	Volume of NaOH added (mL)
	
	

	Moles of HCl added (mol)
	
	

	Moles of NaOH added (mol)
	
	

	Moles of antacid (mol)
	
	

	Moles of antacid per gram (mol/g)
	
	


 Laboratory Experiment 19
Preparation of Aspirintc \l2 "

Preparation of Aspirin
Introduction
The active ingredient in aspirin XE "aspirin"  is an organic acid and ester called acetylsalicylic acid.  Aspirin is an example of an analgesic, a substance that reduces pain, and an antipyretic, a substance that reduces fever.  Acetylsalicylic acid remains intact in the stomach, but when in the upper intestinal tract, which is basic, it hydrolyzes, forming a salicylate ion and an acetate ion.  It is the salicylate ion that actually acts as an analgesic.  Commercial aspirin also contains additives and fillers.  Pure salicylic acid causes severe stomach problems.  Buffers and fillers prevent such problems.  While the form of the tablet may differ, the amount of salicylic acid in various brand must be the same, according to FDA regulations.  Thus, generic aspirin cures a headache just as well as brand name aspirin. In this lab, aspirin (MW=180.2) will be prepared by reacting salicylic acid (MW=138.1) with acetic anhydride (MW=102.1).
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Procedure
Put on your safety glasses or goggles.

1.  Set up a boiling water bath, using a 400 mL beaker:  Fill the beaker about two-thirds full of tap water.  Obtain a 125 mL Erlenmeyer flask.  Make sure the flask will fit down into the hot water bath.

2.  Obtain about 3 grams of salicylic acid on a piece of weighing paper.  Record the exact mass in the data table.  (CAUTION:  Salicylic acid is a skin irritant.)  Put the crystals in a 125 mL Erlenmeyer flask.  Cover the crystals with 5 mL of acetic anhydride INSIDE A FUME HOOD.  (CAUTION:  Acetic anhydride has a strong odor, and is a skin and eye irritant.  Open the bottle only when inside a fume hood.  Add the 5 mL required, and immediately close the bottle.  Avoid skin and eye contact.)

3.  Swirl the crystals, and add 10 drops of 85% phosphoric acid.  Heat the mixture in the boiling water bath for 5 minutes.

4.  Remove the flask from the hot water bath and add 20 mL of ice water, which will decompose the excess acetic anhydride.  Chill the solution in an ice water bath until crystallization is complete.  Stir occasionally to ensure the removal of acetic anhydride. (If crystallization does not occur, try scratching the side of the flask with a stir rod.  This creates a surface for the crystals to form onto.  You can also try "seeding" the crystals by using a few grains of someone else's aspirin.)

5.  Vacuum filter the crystals:  Place a piece of filter paper in a Büchner funnel.  Seal the filter with distilled water.  Place the Büchner funnel into a filter flask, using a rubber adapter.  Turn on the water to create a vacuum from the aspirator.  Quickly pour the crystals onto the filter paper.  Use a rubber policeman to scrape the crystals onto the filter paper.  Add 20 mL of chilled water to the flask, swirl, and pour.  Wash remaining crystals out of the flask using small (10 mL) portions of chilled water.

6.  Scrape the filter paper out of the funnel.  Transfer the crystals onto a watch glass to air dry overnight.

7.  Rinse the funnel, and return to the filtering location.  Store and label your aspirin for safe keeping until the next lab session.  Clean up all equipment (except step 7) and your area, as described on your cleaning checklist on the back of the equipment list in your drawer.   Wash your hands, and return your safety glasses to the storage cabinet.  Return to the classroom.

(NEXT LAB) 8.  Record the mass of the dried crystals:  Scrape the dry crystals onto a piece of weighing paper using a spatula.  Record the mass of the aspirin crystals in the data table.

Data
	mass of salicylic acid (g)
	

	mass of acetylsalicylic acid (g)
	


Calculations
1.  Use stoichometery to determine the number of grams of acetylsalicylic acid produced from the  salicylic acid used?.

4.  Find the percent yield of this reaction (ignoring the solubility of aspirin in water).

Laboratory Experiment 20
Preparation of Soaptc \l2 "

Preparation of Soap
Background

Soaps are manufactured by reacting a metal hydroxide with an animal fat or vegetable oil.  Fats and oils are composed of triglycerides, esters of glycerol and fatty acids.  When the ester bonds are broken, the process is called saponification.  This crude "lye" soap can then be purified, and color and perfumes added.  Sodium hydroxide is commonly used to make soap, which is lye.  Potassium hydroxide can replace the sodium hydroxide to make liquid soap.

Procedure

(Be sure to use only equipment in your A or B lab drawer, or equipment provided.  Do not use equipment in drawers C or D.)

Put on your safety glasses or goggles.

1.  Pour 5 mL of vegetable oil into a 250 mL beaker.

2.  Slowly dissolve 2.5 g of NaOH pellets in 15 mL of a 50/50 ethanol/water (pre-mixed) solution in a small beaker.  Stir and crush with a stir rod until completely dissolved.  (CAUTION:  NaOH can cause severe base burns.  If NaOH should come into contact with the skin, wash immediately.  Baking soda or boric acid solution can be used to treat any minor burning sensations.)  Be sure to replace the cap immediately on the NaOH bottle, since it absorbs water.  DO NOT ALLOW PELLETS TO COME INTO CONTACT WITH A BALANCE.  CLEAN UP ALL SPILLS IMMEDIATELY!  Use weighing paper.

3.  Set up a ring stand with a wire gauze.  Place the 250 mL beaker on the wire gauze.  Add about 2-3 mL of the NaOH solution to the vegetable oil.  Heat over a low flame. Stir CONTINUOUSLY.  (CAUTION:  Do not look directly into the beaker.  Heated oil may spatter.  If smoke is released, lower the heat.)

4.  After 2-3 minutes, add another small portion of the NaOH solution to the oil while continuing to stir.  Repeat until all solution is used.  (Total elapsed time should be about 15 minutes.)

5.  Heat until solidified.

OPTIONAL: 6.  Add 1/4 of a piece of an unwrapped crayon for color. Stir and heat until the crayon piece is melted.

7. Turn off the gas valve.  Using a hot pad, remove the beaker from the wire gauze.

8.  Pour 150 mL of a saturated NaCl solution into a clean 250 mL beaker.  Then pour the heated solution into the salt water.

9.  Stir gently, and cool in an ice water bath.

10.  Skim the soap layer off the top with a spoon or spatula, or vacuum filter. Place this soap on a paper towel and allow to dry over night.

Part 2
11. Obtain samples of four different types of soaps other than the one you made in lab. Record the name of each soap in chart 1.
12. Wash your hands with each soap and make observations of how they make you hands feel and how well they wash.  Rank the soaps from 1 – 5, 1 being the soap that cleans the best.

13. Place a tiny portion of the soap in a test tube.  Add 2 mL of water.  Mix. Determine the pH of the soap with universal indicator solution.  Record the ph in chart 1.

14.  Place the remaining soap in a container to take home, or dispose in the trash.

 Lye soap contains no buffers of moisturizers.  Using the soap will dry skin.

15.  Clean up all equipment and your area, as described on your cleaning checklist on the back of the equipment list in your drawer.   Wash your hands, and return your safety glasses to the storage cabinet.  Return to the classroom.
	Soap (name)
	pH
	Observations
	Rank

	Your soap 


	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Laboratory Experiment 21
Simple Sugars 
Background


Nature produces a wide variety of organic compounds.  Some of them are sweet tasting cyclic organic compounds, most people known these compounds as sugars.  These different sugars break down as various temperatures.   Commonly a Benedicts test is used to chemically identify sugars.  The sweetening power of sugars is undoubtedly their most important characteristic, insofar as the public is concerned. If the sweetness of sucrose is taken as a standard, then other sweet tasting compounds may be ranked accordingly, as shown here. Saccharin and aspartame are synthetic sweeteners; their structures are shown below. The other compounds are natural sugars.

	Compound
	saccharin
	aspartame
	fructose
	sucrose
	glucose
	maltose
	lactose

	Sweetness
	220
	200
	1.7
	1.0
	0.7
	0.3
	0.15





Procedure
1. Obtain five clean test tubes, label with the four sugars and the one unknown.
2. Place 2 grams of each sugar in each of the test tubes and fill ½ full with distilled water.  Add 10 drops of Benedicts solution to each test tube.
3. Fill a 250 ml beaker ¾ full of water and place all five test tubes in the beaker.
  
4. Take the temperature of the water in the beaker and note the color of each test tube in the data table.
5. Heat the beakers.  Record the temperature of the beaker and test tube colors every minute for at least ten minutes or longer if needed in order to determine the identity of the unknown.

Data

	Time min.
	Temperature Degrees C
	Color of Sugar Solution

	
	
	Sucrose
	Dextrose
	Fructose
	Lactose
	Unknown

	0
	
	
	
	
	
	

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	

	8
	
	
	
	
	
	

	9
	
	
	
	
	
	

	10
	
	
	
	
	
	


Analysis

1. Compare and contrast the structures of synthetic and natural sugars.
2. Why might synthetic sugars be perceived as being sweeter than natural sugars at equal concentrations?
Laboratory Experiment 22
Organic molecules (alkanes, alkenes, alkynes)

 XE "Limiting Reactant" tc \l2 "

Mass-Mass Stoichiometry and Limiting Reactant

Introduction


During this lab you will build several examples of alkanes, alkenes, and alkynes with wooden organic chemistry model kits.
Procedure
1. Draw the correct Lewis structure and assemble the molecules in chart one.   Once they are assembled present them to you instructor.  If it is correct you will receive a stamp and move on the next molecule.
	Molecule
	Lewis Structure
	Stamp

	1,6 dibromo 4 hexyne


	
	

	2,2 dibromo 3 chloro butane


	
	

	5,4 dibromo 2,3 pentdiene


	
	

	1, 3 dimethyl hexane

	
	

	4,3,5 trimetyl 2 Hexyne


	
	

	1,5,6, tribromo, 2, 4 hexdiene


	
	

	1, bromo, 3 methyl pentane


	
	

	1,6 difluro, 4 bromo 

2,4 hexdiene


	
	


Laboratory Experiment 23
Endothermic & Exothermic Reactions
Introduction

    Chemical reactions can absorb or release heat energy. Those reactions that release heat are exothermic, and those reactions that absorb heat are endothermic. Common examples of exothermic reactions are combustion (fire) and neutralization reactions. An example of an endothermic reaction would be an instant cool pack used on sports injuries.

Procedure

      Reaction #1

1. Obtain 25ml of water in your 50ml beaker.

2. Determine the initial temperature of the water and then add the BIG scoop or spoon full of calcium chloride.
Appendix A - Polyatomic Ion List
 XE "Polyatomic Ion List" 

tc \l1 "

Appendix B - Polyatomic Ion List+1
ammonium, NH4+
-1

acetate, C2H3O2-,  or  CH3COO -
bromate, BrO3-
chlorate, ClO3-
chlorite, ClO2-
cyanide, CN-
hydrogen carbonate, HCO3-  (also called bicarbonate)

hydroxide, OH-
hypochlorite, ClO-
iodate, IO3-
nitrate, NO3-
nitrite, NO2-
permanganate, MnO4-
perchlorate, ClO4-
thiocyanate, SCN -
-2

carbonate, CO3 -2
chromate, CrO4 -2
dichromate, Cr2O7 -2
oxalate, C2O4 -2
peroxide, O2 -2
sulfate, SO4 -2
sulfite, SO3 -2
-3

phosphate, PO4 -3
phosphite, PO3 -3
arsenate, AsO4 -3
Appendix B - Table of Constantstc \l1 "

Appendix C - Table of Constants
SI prefixes

kilo-
  1000

centi-    0.01

milli-     0.001

micro-   0.000001

nano-    0.000000001

Conversions
454 grams = 1 pound

2.54 centimeters = 1 inch

1 Liter = 1.06 quarts

Pressure
1 atmosphere = 760 mm Hg = 760 torr = 29.92 in Hg = 101.3 kPa = 14.7 psi

Energy
4.184 Joules = 1 calorie

1000 calories = 1 nutritional Calorie

R, ideal gas contstant
0.0821 L * atm / mol * K

Density, g/mL

Aluminum

2.7

Brass


8.5

Copper

8.9

Steel


7.8

Water (at 3.98 oC)
1.0

Water (at 23 oC)
0.997

Specific Heat, J/g oC

Water, ice

2.02

Water, liquid

4.18

Water, steam
1.70

Aluminum

0.88

Copper

0.39

Glass


0.50

Iron


0.46

Lead


0.128

Vapor Pressure of Water, mm Hg

17 deg C
14.530

18

15.477

19

16.477

20

17.535

21

18.650

22

19.827

23

21.068

24

22.377

25

23.756

26

25.209

27

26.739

28

28.349

29

30.043

30

31.824
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Average moles of antacid per gram (mol/g) = _______________________
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