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Chemistry-101L Laboratory

Time:

   Thursday  8:30 – 10:20 a.m. and 10:30 a.m. – 12:20 p.m.  

Instructor:
   Dan Black

Text and Supplies:

· Laboratory packet – purchase voucher from MAJOC

· Paper, Pencil, and Scientific Calculator

· Safety glasses and aprons are available.  

Course Description:
Experimental study of selected aspects of basic chemistry. Must be taken concurrently with CHEM1010.

Laboratory Objective: 
· Understand safety precautions when handling chemicals and other hazardous materials.

· Collect experimental data and perform calculations relating to actual experimental data.

· Read and follow basic instruction in chemical experiments.

· Lear how to take and record scientific observations in a professional manner.

Safety:

· If you have any know allergies, special conditions, or are pregnant, inform the instructor so that special arrangements can be arranged.

· Do not perform any unauthorized experiments.

· Safety glasses will be worn at all times in the lab.

· Open toed shoes are not permitted in the lab.

· Shorts or short skirts are not permitted in the lab.

· Do Not taste chemicals.

· Wash hands before leaving the lab.

· Smoking, eating, drinking, and chewing gum are not allowed.

Grading:

Laboratory’s are each worth 15 points.  Five points will come from the pre-lab assignment and 10 from the laboratory work and post lab.  Some material may be deleted or added at the instructors will.  Pre-lab assignments are due at the start of the lab period.  If not turned in at the start, no points will be awarded.  If you are going to miss a lab period and want points for the pre-lab, turn them in prior to the lab day.  There will also be a lab final worth 25 points.  The lowest lab score will be dropped, if you miss a day, this will be used as your lowest score.  Remember to turn in the pre-lab assignment for those points. 


Grades will be based on the following table.

A   95-100%

B-  80-82%

D+ 66-69%

A- 90-94%

C+ 76-79%

D   63-65%

B+ 87-89%

C   73-75%

D-  60-62%


B   83-86%

C-  70-72%

E    0-59%
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MEASUREMENTS LAB

Purpose:
You should learn how to accurately take measurements using a …






* meter stick






* thermometer






*graduated cylinder






* centigram balance


Scientists are at the mercy of measurements.  A poorly taken measurement or a measurement recorded incorrectly result in bad data and perhaps incorrect theories.  Be sure you take note of the scales used on each measuring instrument.  

Always record the reading to the nearest marked increment THEN ESTIMATE another digit.  Be sure to show the zeroes if necessary!. 
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Meter Stick

Using the meter stick provided, measure the thickness of a penny, the length of your data sheet, and the length of your pencil.  ON YOUR DATA SHEET record the measurements in mm and in cm. 

Thermometer


The thermometers used in lab are filled with mercury (a liquid METAL element).  They are quite fragile and tend to ROLL OFF counter tops and tip over small beakers.  You SHOULD NOT shake down the mercury to take a reading.  These thermometers are not like medical thermometers and will record the temperature within a few seconds.


Without touching he bulb at the end, check the current room temperature.  ON YOUR DATA SHEET, record the temperature to the correct number of significant digits.  Also record the water temperature before heating it.


Set up a ringstand, ring, wire gauze and burner.  Support a 400 ml beaker half filled with distilled water about 5 cm above the top of the burner.  Heat the water to a gentle boil and ON YOUR DATA SHEET,  record the temperature of the boiling water correctly.

Graduated Cylinder


Volume is measured using a graduated cylinder.  Although beakers and flasks carry an approximate volume guide on them, these should NOT be used to measure liquid columes.  When water is placed in a graduated cylinder (or any other container) it tends to adhere to the sides higher than at the actual level.  This curved surface is called a MENISCUS.  All measurements should be taken at the LOWEST POINT on the meniscus.


Fill your smallest graduated cylinder with 10.00 ml of water.  Add this to your larger graduated cylinder.  Repeat this process six times ( a total of 60 ml) and read correctly the volume of water contained in your large graduated cylinder.  This final volume is what is recorded on your data sheet to the correct number of digits.

Centigram Balance

A balance measures the mass of an object;  the mass is compared to a standard.  On the centigram balance the standard masses are called riders.  The principle is similar to a see-saw.  Even though you could estimate masses to the nearest 0.001 g, the construction of this balance only allows a centigram (0.01 g) accuracy.   All masses in this lab should be recorded to the nearest one hundredth of a gram.  Remember that recording 60.000g, 60.0 g, or 60 g would be INCORRECT if the mass was 60.00 g.


Because the balances are sensitive, THEY SHOULD NOT BE MOVED. Leave them on the balance cabinet and always keep them zeroed and clean.  Follow the procedure below EACH time you use the balance:


1.
Clean and ZERO RIDERS / CHECK ZERO.


2.
Carefully add sample.  (NOTE:  Don’t place any chemical directly in pan. Use a beaker, watch glass or paper to hold sample.)

3.
Adjust riders.  Riders (except for the smallest) MUST be exactly on a notch.


4.
Read AND RECORD MASS.


5. 
Zero riders and clean up.


Using the centigram balance assigned to you, determine the mass of a penny (record date) and the mass of  YOUR 100 ml beaker, first separately, then combined.

MEASUREMENT PRE-LAB QUESTIONS

1.
If you use a meter stick that is marked off in millimeters (mm) to measure a pencil, how many figures or digits would you report for the length of that pencil if it is about 7 cm long?

2. 
What metal are laboratory thermometers filled with?

3.
What is an MSDS sheet and what kinds of things do they tell a person? 

(hint: search online if your not sure)
4.
If you weighed an object that has a mass of 212.64352 grams on one of our centigram balances, what mass should you report if it can read to the hundredth digit?

5. 
If you are reading the following liquid level in  a graduated cylinder, what would be the volume you should report?  You read the level at the bottom of the bowl shaped liquid surface (Meniscus).


[image: image2.wmf]33

34

35


MEASUREMENT DATA SHEET

Meter stick:



Penny thickness_____________mm.

_________________cm


Data Sheet_________________mm.

_________________cm



Pencil length_______________mm.

_________________cm

Thermometer:



Room temperature________________



Initial water temp_________________



Boiling water temp________________

Graduated Cylinder:



Volume in large graduated cylinder_________________________

Centigram Balance:



Balance Number____________________



Penny Date ________________________



ACTUAL BALANCE READINGS:

CALCULATED TOTAL MASS:



Penny mass 
_________________

____________________


Beaker mass
_________________

____________________


        Weighed: ______________   calculated:____________________





(actual)
  
  (beaker + penny mass)

Density

Purpose
1) Determine the density of three substances - rubbing alcohol, an wood block, and an unknown metal.

2) Identify the unknown metal by its density.

Background Information
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Density is a physical property of matter.  The density of matter is dependent on the mass and the volume of the substance being measured.  Mathematical density is described by the following equations: 

If you examine the equations they seem to tell the story about matter.  If the amount of matter is increased and placed in the same amount of space, we say that the substance is more-dense.  Compare a 1inch cube of Styrofoam with a 1 inch cube of lead.  Without touching these two it is easy to predict that the lead will have much more mass than the Styrofoam yet they are both the same size.  Hence, lead is more-dense than Styrofoam.  Understanding the density of matter helps us to compare different substances and with that, we can categorize their physical properties.  

The density of a solid is usually reported in grams per cubic centimeter (g/cm3) and a liquid is usually reported in grams per milliliter (g/mL).  This is a very helpful unit because of the relationship for cm3 and mL for water are the same:

1cm3 = 1cc = 1mL = 1g

The mass of a sample of a substance, either liquid or solid, is determined using a balance.  The volume of a liquid substance is measured using a graduated cylinder.  If a solid substance has a regular shape, such as a cube, its volume can be measured with the following equation:

volume = length x width x height

For shapes other than a cube it is much easier to measure volume by displacement.  To do this, first measure and record a volume of water in a graduated cylinder.  Add the sample of the solid to the water and record the combined volume of the water and the submerged solid.  The difference between these two volumes is the volume of the solid.

Procedure

Determining the density of an unknown rubbing alcohol solution.
1) Using the balance provided, weigh a clean, dry, graduated cylinder.  Record this mass on your data sheet.  

2) Pour 5 to 6 mL of rubbing alcohol solution into the graduated cylinder.  Read the volume of the solution to the nearest 0.1 mL.  Record this volume on your data sheet.  

3) Weigh the graduated cylinder with the rubbing alcohol and record this on the data sheet. 

4) Determine the density of alcohol using the formula

5) Repeat the procedure with a different type of liquid solution. 

Determine the density of an unknown wood block.

1) Measure the dimensions of the wood block using calipers (cm).   Record the height, length and width.  Record these on your data sheet. 

2) Calculate the volume of the metal bar (L) x (H) x (W).  Record the results on your data sheet (cm3).  

3) Weigh the wood block and record the mass (grams) on your data sheet. 

4) Use the formula to determine the density of the wood block.  

5) Does the density you measured equal the density of iron listed on the table of common metals?  If  not, which is closest?  What could account for a different density measurement?  

Determine the mass of an irregular shaped metal object, and then identify the metal using the table provided.
1) Using the displacement method described in the background material, determine the volume of an unidentified metal object. 

2) Using the table provided, identify the density for metal that you are using.  

3) Calculate the mass using the formula.  

4) Obtain the mass from the balance.  Compare this to your calculations.  If there is a discrepancy, give plausible reasons why.

Density of Common Metals (g/cm3) 





Aluminum
   Al
    2.70





Copper
  
  Cu
    8.96





Gold

  Au
    19.3





Iron

  Fe
    7.874





Lead

  Pb
    11.35





Nickel

  Ni
    8.90





Platinum
  Pt
    21.45





Silver

  Ag
    10.50





Tin

  Sn
    7.31





Zinc

  Zn
    7.13

Data Sheet

Part 1






Alcohol 

Liquid 

(1)
Mass of graduated cylinder (g)

____________   ____________

(2)
Volume of alcohol



____________   ____________

(3)
Mass of cylinder  and sample

____________   ____________

(4)
Mass of just alcohol 


____________   ____________

(5)
Density of Alcohol



____________   ____________

Part 2






wood block
      Other object
(1)
Height of wood block (cm)


____________   ____________

(2)
Length of block (cm)


____________   ____________

(3)
Width of block (cm)



____________   ____________

(4)
Volume of wood block (cm3)

____________   ____________

(5)
Mass of wood block (g)


____________   ____________

(6)
Density of wood block (g/cm3)

____________   ____________

(7)
Is the block more or lese dense than the liquid?  Explain what it means to be more or less dense.

Part 3






Object 1

Object 2


Identity of objects



____________   ____________
(1)
Volume of unidentified metal (mL)

____________   ____________

(2)
Density of unidentified metal (g/mL)
____________   ____________

(3)
Calculated Mass of metal


____________   ____________

(4)
Mass of Metal



____________   ____________

(5)
Explanation:

Pre- Lab Assignment

1. Explain what the term density means

2. Calculate the density of snow if its volume is 25 cm3 and it has a mass of 23. 97 grams

3. Calculate the mass of an rectangular piece of wood if its dimensions are 3.2 cm X 2.8 cm X 1.9 cm.  The density of the wood is .64 g/cm3 .   

4. If a graduated cylinder had an initial volume of 23.2 mL and some BB’s were added causing the level to rise to 29.8 mL what is the volume of the BB’s.

Separation of a Mixture
Background

Most substances in nature occur as mixtures.  These are split into two categories: homogeneous and heterogeneous.  Homogeneous mixtures are described as being uniform throughout.  Examples of this category would include sugar in water, a milk shake and pancake batter.  Heterogeneous mixtures are described as not being uniform throughout.  Examples of this category would include chocolate chip ice cream, sand in water, and concrete.


In a laboratory, we can take advantage of the different properties of substances to help separate them into pure components.  In this lab we will take advantage of the difference in solubility and the difference in reactivity to separate a three component mixture.


The solid mixture contains SiO2  (sand), NaCl (table salt), and CaCO3.  Sodium chloride is soluble in water, while sand and calcium carbonate are not.  To separate the salt we will simply add water and dissolve it.  Then, by filtration, it will be possible to separate the salt from the other two components.


In the next step we will take advantage of the reactivity of calcium carbonate.  It will react with hydrochloric acid according to the following equation:


CaCO3 (s)  +  2HCl (aq)  (  CaCl2 (aq)  +  CO2 (g)  +  H2O (l)

Notice, in the beginning calcium carbonate is a solid.  After the reaction it is converted to calcium chloride, which is soluble in water.  In the mixture, sand will not react with hydrochloric acid.  The sand will be the only remaining solid in the reaction vessel.  As done previously, the CaCl2 can be separated by filtration.  After filtration the calcium chloride can be converted back to the insoluble calcium carbonate with the addition of potassium carbonate.  This reaction is shown below:


CaCl2 (s)  +  K2CO3 (aq)  (  CaCO3 (s)  +  2KCl (aq)
At this point the three original components are separated and back to their original form.  After drying they can be weighed and a percent yield determined.

Percent yield is determined by adding all of the amounts recovered, dividing by the amount you started with and then multiplying by 100.  

Percent yield = (SiO2) + (NaCl) + (CaCO3) / (Starting amount) * 100
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Procedure
1. Weigh a 200 mL beaker and label it beaker 1

2. Weigh out about 3 grams of the mixture into beaker 1.  

3. Slowly add 50 mL of distilled water and stir for 3 minutes.

4. Weigh a second beaker. Label this beaker number 2.

5. Using the second beaker, set up a filtration apparatus as shown in figure 1.

Fold the filter paper so that it fits in the beveled funnel
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6. Pour the contents of beaker 1 into the funnel.  Wash the contents of beaker 1 with distilled water and add this washing to the filter paper.

7. When all of the liquid has drained into the beaker, place beaker 2 on a hot plate to evaporate the water.  When it is dry, and has cooled, weigh the beaker and record the weight of the salt obtained.  

8. With a spatula, scrape the residue in the filter paper back in to beaker 1. Wash the residue from the paper with a very small amount of water

9. Add 10 mL of 3 M HCl, stir and let sit until the solids settle.

10. Label a new beaker number 3. 

11. Carefully decant the liquid from 1 in to beaker number 3 without losing any of the sand.

12. Place beaker number 1, with the remaining residue, on a hot plate to dry the sand.  When it is dry and has cooled, weigh beaker number 1 and record the mass.  

13. Add 15 mL of K2CO3 to beaker 3.  Stir and let stand 5 minutes.  

14. Weigh a new filter paper and watch glass together.  

15. Filter contents of beaker 3 with the paper from the weighing.  Remove paper and place on watch glass.  Dry gently on hot plate. (careful – watch glasses can crack)

16. Weigh the filter paper, watch glass and remaining CaCO3.  

17. Subtract weight of paper and watchglass from total mass and record as the mass of CaCO3. 

18. Calculate total mass recovered

19. Calculate percent yield

20. Explain why your results are the way they are.

Data Sheet

1. Mass of beaker 2



___________________________

2. Mass of  NaCl
 and beaker 2


___________________________

3. Mass of NaCl




___________________________

4. Mass of beaker 1



___________________________

5. Mass of beaker 1 and SiO4


___________________________

6. Mass of SiO4




___________________________

7. Mass of filter paper, watch glass

___________________________

8. Mass of filter paper /watch glass/ CaCO3
___________________________

9.
Mass of CaCO3



___________________________

10. 
Total mass of NaCl/SiO4/CaCO3

___________________________

11.
Percent yield




___________________________

12.   Explanation of discrepancies 

Separation of a Mixture – Pre lab

1. Where do you find in nature the three components that we will separate in this lab?

2. If a student started with 4.2 grams of the mixture and recovered .75 g NaCl; 1.35 g SiO2; and .24 g CaCO3 what was the percent yield?

3.  Think of a way in which physical separations are used in our world and describe that process in great detail.

Flame Test and Analysis
Purpose: 

· To learn to identify specific nonmetal anions contained in solution.

· To become familiar with the procedure for a flame test for metal cations.

· To correctly identify the ions present in an unknown sample.

Background:

One of the major fields of chemistry is analytical chemistry.  This field is made up of two main areas:  quantitative analysis (to determine the concentration of a substance) and qualitative analysis (to determine which elements or compounds are present). 


Sodium chloride is an ionic substance, that is it is made up of a cation and a anion.  A method of determining which cation is in a compound is by a flame test.  When energy is added (it is placed in a flame for example) each cation produces a particular color.   The unique yellow-orange color of a sodium lamp is due to this phenomenon.  In this lab, a wire tool called a flame loop will be used to hold a thin layer of solution when it is passed through a flame.  The color of the flame will indicate which cation is present.


The presence of a particular anion can be determined by reactions unique to that anion.  Often this determination involves a scheme, or series of reactions, the results of which make available the anion determination.  When the ions of normally insoluable ionic compounds are placed in the same solution, they form a solid called a precipitate.  Many times a precipitation reaction can determine what ion or ions are present in a solution. 


Four main anion will be involved in this experiment, namely: chloride, Clˉ; sulfate, SO42ˉ;  nitrate, NO3ˉ and acetate, C2H3O2ˉ.  All the unknown salts will be soluable in water.  The original solution can be tested for nitrate by what is known as the brown ring test.  The nitrate remains in the iorn sulfate solution.  The nitrogen in nitrate at the interface is reduced by the sulfuric acid forming the complex, nitrosyliron(II) ion (Fe(NO)2+), which is a brown color.  When the calcium ion is added to a solution only the sulfate ion will produce a precipitate.  If there is no precipitate, then no sulfate ion is present.  The solution left will precipitate only the chloride ion when the silver ion is added.  The remaining solution can be tested for the acetate ion by adding an acid.  The acetate ion plus a hydrogen ion generates acetic acid which smells like vinigar.


The sequence of reactions involved in a qualitative analysis is sometimes refered to as a “qual scheme”.  A chemist would write a representation of this sequence using vertical lines to represent the addition of a reagent to the solution and horizontal lines to represent a seperation of the solution into solid products and the remaning ions. 


A scheme looks like that on the following page.


The cations in this investigation will be limited to sodium ions, potassium ions, lithium ions, barium ions, and copper ions.
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Waste Treatment

All the original test solutions can be flushed down the drain with plenty of water except the barium solution.  Barium is classified as a toxic chemical.  The barium should be precipitated with sulfuric acid.  The solid barium sulfate can be filtered out and buried in a toxic waste dump.  The calcium sulfate, silver chloride and silver nitrate precipitates can be placed in the trash.  Concentrated acids can cause damage to the plumbing if they are not diluted and/or neutralized before disposal.

Procedure

Cation Test

1) Obtain the bottles containing the 5 known cation test solutions and the two unknowns.

2) Light a Bunsen burner. Adjust it to a blue flame. (Be careful, and don’t burn your self.)

3) Dip a Q-tip in distilled water and then place two drops of one of the above solution on the tip.  Place the tip in the flame and record the color produced.   Watch closely because the cotton may produce a small orange color.  If it is faint, add drops of the solution and try multiple times.

4) Repeat the process for each solution, using a clean Q-tip.  Record the color of each color on the Data Sheet.

5) Based on the colors produced from the know solutions, perform the same test on the unknown cations.  Record the identity of the unknowns on the data sheet.

Anion Test
6) Place about 5 drops of the solution in a small test tube for the nitrate test called the brown ring test. Add 5 drops of iron (II) sulfate (FeSO4) to the test tube.  Mix well by swirling.  Hold the test tube at about a 45-degree angle.  Carefully drop 5 drops of concentrated sulfuric acid (H2SO4) down the side of the test tube.  The liquids should form two layers with the sulfuric acid on the bottom.  Set the test tube aside in an upright position for a few minutes.  A brown ring that forms at the interface between the two layers is a positive test for the nitrate ion.  (*NOTE: If barium is present, a white precipitate will form.  Filter out the precipitate and perform the test on the filtrate.)
7) To the remaining 10 mL of salt solution, add 5 drops of 1 M calcium nitrate (Ca(NO3)2).  If a precipitate occurs, the anion is sulfate.

8) If there is no precipitate, add 2 drops of 1 M silver nitrate (AgNO3) to the solution.  If there is a precipitate, the anion is chloride.  *NOTE: Silver nitrate on skin causes a brown stain that will not go away for about three days.

9) If there is no precipitate, add 2 drops of 1 M HCl.  Silver nitrate will precipitate.  Waft or fan the fumes from the test tube to your nose.  A vinigar smell is a positive test for acetate ion.

10)  The positive test indicates which anion is present.  Record the identity on the data sheet. 

11) Use some fresh unknown solution to perform a flame test to determine the cation in the solution.  Be sure to clean the wire loop before using it.

12) Ask the instructors direction to clean up your particular solutions.  Some of them cannot be dumped down the drain.

13) Flame Test and Analysis

Data Sheet

Name:  _____________________________  

I.  Flame Test Colors.


Sodium
________________________


Potassium
________________________


Lithium
________________________


Copper
________________________


Barium
________________________


Unknown 1
________________________


Unknown 2
________________________





POSITIVE

NEGATIVE

II.
Nitrate test

__________

__________


Sulfate 

__________

__________


Chloride

__________

__________


Acetate

__________

__________

III. 
SALT





  CATION

  ANION





__________

__________

Pre – Lab Assignment

In great detail, explain why different elements give off different colors of light.  

2. Explain How one can use the fact that elements give of different colors of light to solve problems in chemistry or in life for that matter.

Electrophoresis

Purpose


This laboratory is designed to help students understand the basic concepts of electrophoresis.  One should become familiar with the basic operation of a gel box and the way large molecules are separated through a gel.  It helps relate the fantastic research reported in the media with something that students can practice in the lab.

Background information  


Electrophoresis takes advantage of the physical and electrochemical properties of large molecules.  It uses these properties to separate large molecules from each other.  Primary uses include proteins and nucleic acids.  The molecular properties that contribute to making the process successful are the molecules size, shape and charge.  A gelatinous material is used as a substrate and molecules are drawn through the material.  The larger, more angled and smallest charged molecule will travel at a slower pace than small, linear and highly charged molecule.  As they travel through the gel, the distance each travels differs and will separate from each other.


The gel can be made from a variety of substances.  In these experiments, we will use an agar gel.  Agar is an organic material that is obtained from marine algae.  When mixed and allowed to sit in the gel box, it provides a net like structure on the atomic level.  Figure 1 gives an example of how a gel may appear on the molecular level.  Consider trying to travel through such a material.  You can envision the problems that one might encounter.  It seems sensible that a larger molecule or one with many bends 

will become entangled and have to work its way through much slower than a small strait molecule.  Also consider the charge effect.  Consider having a rope tied to you as you travel through the material.  The harder someone pulled on you the faster you would move through.  This is similar to how a highly charged molecule moves much faster than one with a lesser charge.  So with the variety or variables, any difference in molecular structure will affect the rate in which molecules travel.  This facilitates a separation and a way to compare molecules of precisely similar properties.
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The complete experiment is depicted in Figure 2.  Consider placing negatively charged molecules in the wells.  These would be attracted to the positive electrode.  They would begin to migrate through the gel material toward the positive electrode.  Each step of the way, they would encounter obstacles that they must work around.  Eventually, some moving faster and others slower.  After running awhile, some would move closer to the positive electrode than others.  
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If molecules moved at equal distances on the gel, they could be matched. Meaning that they appear to be the same molecule.  Take a group of molecules moving down a gel.  One could determine which samples are similar by comparing the distances traveled.  Examine the pattern produced on the gel in Figure 3.  Under a controlled experiment, one could surmise that sample 1 and sample 2 are the same compound.  
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In this experiment, we will take advantage of this matching ability to solve some problems.  Instead of using DNA, we will use chemical dyes.  When using DNA, special stains are used.  These stains are only observable under ultraviolet light.  The chemical dyes are visible to the eye and will allow us to view them as the experiment progresses.  There are three dyes that we will primarily use.  These are depicted in Figure 4.  By examining their structure, can you predict which will travel the fastest and the slowest?  Some of the samples will contain more than one of the dyes.  So separation will take place in each lane of the gel.  By deductive reasoning, one should be able to answer the questions presented in each of the scenarios associated with the experiment.  
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Procedure


In a Erlymer flask, add .5 grams of Agar to 50 mL of water.   Cover the flask with plastic wrap puncture a small hole in the plastic.  This will let air escape as the flask is heated.  Heat the flask in a microwave until the solution boils.  Remove the flask with a pot holder.  Swirl gently until all the agar is in suspension.  Let solution cool.

[image: image11.wmf]-

electrode

electrode

electrode

electrode

+

-

+

Lid

box

gel form

Figure 5 Electrophoresis Set


While cooling, prepare the gel form.  The basic parts in an electrophoresis box are depicted in Figure 5.  Start by placing masking tape across both ends of the gel form.  Then place the Teflon comb in the groves.  When the agar is cool to touch, dump it into the gel form.  Let sit until is solidifies.   This takes about 15 minutes.  When solid, remove the tape and place the gel form in the electrophoresis box.  The comb should be located closest to the negative electrode.  Carefully pull the comb out of the gel.  This should leave wells formed into the gel.


The assigned scenario below will indicate which samples to load in the gel.  To load a sample, pipette 5 microliters of the sample.  Carefully place the tip into the well.  Be careful not to go too deep or you will puncture the bottom.  Dispense the sample carefully into the gel and remove the pipette.  


After the samples are loaded, pour the salt solution into the box.  Fill it until the solution level just barely covers the whole gel.  Place the lid on the box and connect the wires to the power supply.  Turn the power supply to the 100 V setting and let it run.  In a few moments you should be able to see the dyes separating as they make their way down the gel.  Run until you can see good separation in the bands.  This will take 20 to 30 min.  After the experiment is complete, draw a picture of the gel.  Use this information to solve the problem presented in the scenario.   

Scenarios


Scenario 1.  
Taken from “Kitchen Electrophoresis,” by Louisa A Stark,




Director for Science Education – Eccles Institute of Human 

Genetics – University of Utah.


Princess Diana’s jewels have been stolen from a special exhibit at the British Museum.  Scotland Yard detectives found blood on the broken glass case and have three suspects in custody.  Sample 1 is from the crime scene, while sample 2, 3 and 4 are from the suspects.  Another technician in the laboratory where you work has amplified the same variable region of DNA in all of the samples using PCR and cut the DNA with restrictive enzymes.  You now use gel electrophoresis to separate the DNA fragments.  Are any of these suspects likely to have committed the robbery?  What evidence do you give as an expert witness at the trial. 


Scenario 2.


A female Labrador dog escaped from it’s kennel one fine afternoon.  As seems to be the luck, she was in heat.  Before her owner could track her down, she had made her way throughout the neighborhood.  She had been seen frolicking with a Greyhound, a Dalmatian, and a Black Lab.  When the puppies arrived, they had a variety of colorings except one.  It was pure black and looked as though it were of a pure breed.  The owner hopping to find homes for all the puppies wanted to test and see if this black puppy was indeed the offspring of the neighbors Black Lab.  He felt that there might be more interest in the puppy if it were deemed to be a pure breed dog.  The Neighbors being intrigued by the process happily gave DNA Samples of the three aforementioned dogs.  These three samples along with the black puppies DNA samples were shipped to a laboratory.  There a particular portion of the DNA was cut with restrictive enzymes and multiplied by PCR.  The samples were then sent back.


It is now your job to run an electrophoresis experiment.  This will determine if a match can be made between any of the dogs and if so, to which dog does the puppy in question belong.  To do this, load the DNA samples.  Number 1 is the puppy.   Numbers 2, 3 and 4 are the Greyhound, Dalmatian, and Black Lab respectively.  After running the samples on the gel, do you think the puppy is the offspring of the black lab?

Laboratory Data Sheet

1. Explain in your own words how the molecules are separated from one another in electrophoresis.

2. Draw a picture of the gel produced in this experiment.  Using this picture, explain your results.  Act as an expert witness, giving as many details as it takes to prove your case. (you will be scored on the way you prove your hypothesis – write well) 
3. List three questions you have about electrophoresis and tell how you are going to get them answered.
Pre – Lab Assignment

1. Explain the following terms (may need to use your book)
Electrophoresis

Agar Gel

Molecular Shape
Molecular Charge
2.
Explain in great detail how electrophoresis works and why?

 Double Replacement Reactions

Purpose

1. To observe whether or not a reaction will occur when two aqueous solutions of ionic compounds are mixed together.

2. Write chemical equations for the reactions.

Background Information
A double replacement reaction occurs when two compounds are mixed and exchange components.  A general example of this is shown in equation (1).

AB + CD  (  AD + CB      (equation 1)

In this equation, A in the reactant AB replaces C in the reactant CD to form a new product AD and the C in CD replace the A in AB to form CB.  Because two replacements occur at the same time, we call this a double replacement reaction.  

An example is if we mix a silver nitrate solution (AgNO3) with a sodium chloride solution (NaCl), a white solid immediately appears.  
AgNO3 (aq)   +  NaCl(aq)  (  AgCl(s)   +  NaNO3 (aq)
In this reaction, the Cation Ag+ has replaced the cation Na+ and vice versa to give products in which the reacting partners have switched places.  In order to anticipate possible products in a double replacement reaction, we simple need to switch the partners and then based on given chemical information, it is possible to predict if a reaction will occur.  Before examining this, some often used terms and symbols are presented below:

Precipitate – a solid that forms during a chemical reaction

Supernatant liquid – the liquid containing unreacted ions left over from a reaction.

Reaction mixture – the precipitate and the supernatant liquid combined.

(aq) aqueous solution – one in which the ions are dissolved in water.

(s) a solid substance

(g) a gaseous substance

(l) a liquid substance

molecular equation - chemical equation that shows all species in their 

 undissociated forms. 

complete ionic equation – chemical equation showing all species in their true 

form as ions or compounds

net ionic equation –equation showing only the reacted species

Spectator ions–ions that do not react or that appear on both sides of the equation  
If two solutions are mixed, one of three things will happen; a solid will form, a gas will be produced or no reaction will occur.  There are two ways to watch chemical reactions.  The first is to perform them and examine the results and the second is to use tabulated data to predict if the reaction will occur or not.

The following reaction between KI and PbNO3 illustrates how tabulated data can be used to predict a chemical reaction.  

Step 1 – write down the two reacting species (note: if reactants are in solution 
    they are (aq))


KI(aq)  +  Pb(NO3)2 (aq)  (
Step 2 – write down the possible products (switch partners – balance ionic 

   charges) 


KI(aq)  +  Pb(NO3)2 (aq)   (  KNO3  +  PbI2  
Step 3 – balance equation and add correct phase (s, l, g from table below)


 2KI(aq)  +  Pb(NO3)2 (aq)   (  2KNO3(aq)  +  PbI2(s)  (molecular equation)  

(From the table, all halogens are (aq) except when combined with Ag, Hg 

and Pb.  In this case lead iodide is a solid and so it is designated as such)

Step 4 – write it in the complete ionic equation form


2K+(aq)   +  2I-(aq)  +  Pb2+(aq) + 2NO3- (aq)   (  2K+(aq)  +  2NO3-(aq)  +  PbI2(s)
Step 5 – cross out spectator ions to produce the net ionic equation


2I-(aq)  +  Pb2+   (  PbI2(s) 

This equation represents the chemical reaction that will occur if these two species were added.  If performed, a yellow precipitate of lead iodide should be observed.  

1.  A compound that contains one of the following cations is probably soluble:

     -Group 1A cation:  Li+, Na+, K+, Rb+, Cs+

     -Ammonium Ion:  NH4

2.  A compound that contains one of the following anions is probably soluble:

      -Halide:  Cl-, Br-, I-      except Ag+, Hg22++, Cu+ and Pb2+ compounds
      -Nitrate (NO3), perchlorate (ClO4), acetate (CH3CO2), Sulfate (SO42-)                       

       except Ba2+, Hg22+, and Pb2+ sulfates  
Procedure

Reaction Grid

1. Obtain a lab-top with the reaction grid

2. Obtain a dropper full of each chemical listed and place them in a 24 well tray.

3. Place one drop of each chemical solution on the lab top as indicated  

4. Caution – DO NOT LET PLASTIC TIP TOUCH THE 1ST DROP

5. Place a one drop of the corresponding chemical on the 1st drop.  Observe what takes place and make notes.  

6. Place small descriptions in the corresponding reaction grid.


Three Unknowns (react with compound above)
1. Obtain the three unknowns for this portion of the experiment 
(take a complete cup)
2. Place one drop of each unknown across the reaction grid. 
3. Place one drop of the corresponding reagent on each and record your observations

4. Compare with the original reaction grid and notes and determine the identity of the unknowns.

Five Unknowns  (react with themselves)
1. Obtain 5 unknowns. Take a complete cup
2. Place one drop of each unknown in the horizontal rows

3. Place one drop of the corresponding unknown in horizontal rows.

4. Record your results. 

5. By comparison determine the identity of the 5 unknowns

Double Replacement Lab Data Sheet

1. Identity of three unknowns:

Unknown 1

Unknown  Cation

Unknown  Anion

2. Identity of 5unknowns:

Unknown 1 

Unknown 2 

Unknown 3 

Unknown 4 

Unknown 5 

3. Choose any three reactions and write out the Molecular equation, the Complete Ionic Equation and the Net Ionic Equation for each.  
(It seems to work best if you pick a reaction from your g rid that produced a solid and then you can visualize the results)
Double Replacement Reaction Pre-Lab

1. Define the following terms:

a) Precipitate:

b) Supernatant Liquid:

2. Do the following reactions occur?  Show how you made this determination. 
a) Ba(NO3) 2 and NaCl

b) HCl and Hg2SO4
3. If you combine Ba(NO3) 2 and Na2SO4, what would the chemical equations be for the reaction?

Molecular Equation:

Complete Ionic Equation:

Net Ionic Equation:

Acid Content of fruit juice

Background Information
The sour taste of many fruit juices is due in large part to the presence of acids.  Citric acid, C3H5O(COOH)3, is one of several acids present in these juices.  Citric acid reacts with the base sodium hydroxide, NaOH, as shown in Equation 1.

C3H5O(COOH)3 (aq) + 3NaOH(aq) ( C3H50(COO) 3Na3 (aq) + 3H2O(l)   (Eq. 1)

This equation describes a neutralization reaction in which an acid and base react to form water and an ionic compound called salt.  In the neutralization of C3H5O(COOH)3, the salt is sodium citrate, C3H50(COO) 3Na3.  Although various acids are found in different amounts in different fruit juices, for the purpose of this experiment, we will assume that the acid content of these juices consists entirely of C3H5O(COOH)3.  

We can determine the amount of acid in a given volume of fruit juice by titrating the juice with a standard NaOH solution.  A standard solution is a solution of known concentration.  We frequently express the concentration of standard solution in terms of molarity.  The molarity (mol/L or M) of a solution is the number of moles of solute per liter of solution, as expressed by Equation 2.  

   Molarity, M = number of moles of solute(Eq. 2)

              Volume of solution, L

tc \l2 "Volume of solution, L
We measure the volume of NaOH solution required for the neutralization by titration.  Titration is the measurement of the volume of a standard solution required to completely react with a measured volume or mass of the substance being analyzed.  We add the standard solution from a calibrated glass tube called a burette.  Before beginning this experiment, you will use phenolphthalein as an indicator when you titrate the fruit juice with NaOH solution.  Phenolphthalein is a complex organic dye that is colorless in acidic solutions and pink in solutions that are slightly alkaline, or base. 

Assume that we want to determine number of moles of (C3H5O(COOH)3) in an orange juice sample.  If 39.62 mL of a 0.106 M NaOH solution was required to titrate a 10.0 mL sample of orange juice.   The following process would be used.
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Procedure
1.  Measure out required amount of fruit juice into a graduated cylinder and place in a 125 mL Erlenmeyer flask.

2.  Use distilled water to wash out the graduated cylinder (about 5 mL) and put it into the Erlenmeyer flask.  

3.  Add 40 mL of distilled water

4.  Add about 3 drops of phenolphthalein to the solution.  

4.  Fill a burret with NaOH solution. (record the molarity)

5.  Titrate the fruit juice with the  NaOH solution.  Stop, and stir the entire solution.  If the solution begins turning pink, slow down, and add  NaOH dropwise until the solution just turns pink.

6.  Repeat the procedure to get a second determination to average.  If one number differs greatly from the other, repeat the experiment until you are sure your results are correct. 

Data Sheet








Grapefruit

Lemmon 

1) volume of the fruit juice, ml                   _______   ________        ______   ________

2) molarity of the NaOH solution, M
________   _______        _______   _______

3) final buret reading, ml


________   _______        _______   _______

4) initial buret reading, ml


 ________   _______        _______   _______

5) volume of NaOH used, ml                     ________   _______        _______   _______

6) number of moles of NaOH required      ________   _______        _______   _______

7) number of moles of C3H5O(COOH)3     ________   _______       ________   _______

8) mass of C3H5O(COOH)3 in sample, g   ________   _______        _______   ______

9) mass of C3H5O(COOH)3 per ml of

     undiluted juice, g   

  
 _________   ______       _________   ______

10) Average mass of C3H5O(COOH)3 per 

       ml of undiluted juice, g 

________________        _________________

Which juice has the most citric acid?

Which juice is the most sour?

Why?

Pre – Lab Assignment
1.) To what extent is NaOH dissociated when dissolved in water?

2.) What is the relationship between how sour something is and how acidic it is?

3.) What will the pH of the solution be when the phenolphthalein indicator turns pink?

4.) If a sample of juice was titrated with .50 M NaoH and it required 7.3 mL to reach the endpoint, how many moles of acid were in the juice?

Batteries

Purpose

1) Build two batteries – 1 copper/aluminum foil, 1 copper/zinc wet cell.

2) Measure the volts produced by each battery.

3) Explain why a battery works.

Background Information

Electricity is the flow of electrons through a conductor. The ability to make a battery is based upon the differing attraction of metals to electrons.  By taking advantage of the oxidation and reduction of different metals electrons can be made to flow through an external wire.  By altering the types of metals, the voltage can be changed.  In this lab we will examine batteries based on copper / zinc and copper / aluminum. 

If a piece of zinc metal were placed in a beaker of copper(II) solution, the Zn (which has less attraction for electrons than the Cu2+) would lose 2e- (oxidization) and the Cu2+ would gain 2e- (reduction). The result would be the dissolution of the Zn metal as Zn2+ and the formation of Cu metal from the Cu2+.  The equation for this reaction would look like this:

Zn(s) + Cu2+(aq) ( Cu(s) + Zn2+(aq)

This would not make a battery, however, because there would be no way to direct the flow of  electrons.  The two reactions must first be separated into half-reactions so that the electrons can be directed and used in a circuit.   This battery is depicted in figure 1. The two half-reaction equations would look like this:

Zn(s) ( Zn2+(aq) + 2e-
Cu2+(aq) + 2e- ( Cu(s)

Once the half-reactions are separated, a pathway must be provided through which the free electrons can be drawn.  This is done with the external wire which can be connected from oxidation side (anode) through a useful device (light bulb) to the reduction side.(cathode)  This is shown in figure 1.   

As electrons flow from one side to the other, the charge becomes unbalanced.  The cathode side becomes more positive and the anode side more negative.  The electron flow will stop at this point unless a means is provided to balance the charges.  One of the most commonly used means of balancing charge a salt bridge.  In this lab you will use two different types of salt bridges.  The first will simply be a disk of paper towel soaked in a solution of NaCl.  The second will be a glass tube filled with .1M KSO4 in a gel base.  In both the NaCl solution and the KSO4 gel the atoms exist as ions (Na++ Cl- and K++ SO4-).  In the wet cell, when two electrons flow through the wire the charge can be balanced by having an SO42- flow through the salt bridge from the cathode side to the anode side.

In reality, the SO42- doesn’t travel the full length of the salt bridge.  The process can be explained by the following analogy.  Think of a row of marbles lined up in a groove.  If you shoot a marble at one end of the row, the force of the shot is carried through the row to the last marble at the other end.  This marble can then roll away from the others. The salt bridge works in the same way.  As an SO42- is taken up at one end of the salt bridge it starts a chain reaction that releases an SO42- at the other end of the salt bridge.  This exchange of ions allows the net charge to remain at zero.  
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Figure 4.  Chemical dies


Figure 1. Wet electrochemical cell.

Procedure

*Note – The numbers in parentheses indicate the lines on your data sheet where the data should be entered.  

Testing a AAA battery

1) Turn the multimeter dial to 20 V.

2) Attach the red clamp to the positive end of the battery.

3) Touch the black clamp to the negative end of the battery.

4) Let the reading stabilize to the 1/100 decimal place and record the voltage. (1)  This reading will be your basis for comparison.

Building a copper/aluminum foil battery

1) Dissolve .5g NaCl in 20mL distilled water.

2) Cut nine penny-sized disks of paper towel

3) Cut five penny-sized disks of aluminum foil.

4) Attach the red lead of the multimeter to a penny.

5) Dip one disk of paper towel in the NaCl solution and lay it atop the penny.

6) Place a disk of aluminum foil on the wet paper.

7) Dip another paper disk in the solution and lay it atop the foil.

8) Continue altering like this until all disks and pennies are used.

9) The last disk is foil.  Attach the black lead of the multimeter to the foil. 

10) Turn the multimeter dial to the 20V setting.

11) Hold the battery steady until the reading on the multimeter stabilizes* to the 1/10 decimal place and record the voltage. (5)

*Note – Due to the small size of the cell, the voltage reading may only stabilize for a few seconds at a time.  

12) Detach the multimeter and let the battery sit while you complete the rest of the lab.

Building a wet cell battery
1) In a 40 – 50mL beaker dissolve .1g CuSO4 in 30mL distilled water.

2) In a 40 – 50mL beaker dissolve .1g ZnSO4 in 30mL distilled water.

3) Place an 8mm strip of Cu in the CuSO4 solution.  This is the cathode.

4) Place an 8mm strip of Zn in the ZnSO4 solution.  This is the anode.

5) Place one end of the salt bridge in each of the solutions.

6) Connect the red clamp of the multimeter to the Cu strip.

7) Connect the black clamp of the multimeter to the Zn strip.

8) Turn the multimeter dial to the 20V setting.

9) Record the voltage. (9)

10) Detach the multimeter but do not disassemble the battery.

Retest the batteries

1) Reattach the multimeter to the AAA battery.  Record the voltage. (2)

2) If the battery were left to sit for another hour, would the voltage reading change measurably? (3)  Why? (4)

3) Reattach the multimeter to the copper/foil battery.  Record the voltage. (6)

4) Using the background information and your own observation, determine which component of this battery is most likely to first cause failure. (7)  Why? (8)

5) Reattach the multimeter to the wet cell battery.  Record the voltage. (10)

6) If this battery were left assembled, what would happen to the anode? (11)  To the cathode? (12)

7) Draw a wet electrochemical cell and explain in great detail how it works. (back of data sheet)

Data Sheet

(1)
Initial voltage of AAA battery
________________________

(2)
2nd voltage of AAA battery
________________________

(3)

________________________

(4)

(5)
Initial voltage of copper/foil battery
________________________

(6)
2nd voltage of copper/foil battery
________________________

(7)

________________________

(8)

(9)
Initial voltage of wet cell battery
________________________

(10)
2nd voltage of wet cell battery
________________________

(11)

(12)

Pre – Lab Assignment 

1. Define the following terms

Cathode

Anode

Oxidation

Salt Bridge

Reduction

2 Explain in great detail how a wet electrochemical cell works and why
Soap Making

Precaution


NaOH is corrosive and toxic.  Wear gloves and an apron.

Background and Information


The first written record of soap comes from Pliny the Elder.  In his writings, he described the Phoenicians’ synthesis of soap by using goat tallow and ashes.  By the second century AD, sodium hydroxide was being used in the soap making process.  Since that time, the art of making soap has changed little.  Fatty acids are still heated with hydroxides to produce the soaps that we purchase very cheaply.  The main change in soap production recently is the addition of additives.  These additives give soap its fragrance and its texture.


The chemistry of soap making is quite simple.  One reacts a long fatty acid chain with hydroxide.  This reaction, or process, is called saponification.  This reaction cleaves the fatty acid chain, forming three moles of the soap molecule and one mole of glycerol.  And example of this reaction in shown in figure 1.
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Figure 1.  Saponification reaction.


We use soap because it helps clean the dirt and oils from our bodies, but how does this work?  If we examine the soap molecule in detail, the answer lies in the polarity difference between one end of the molecule and the other.  (see figure 2)  the end containing the acid group is very polar due to the two oxygen atoms.  The long aliphatic tail (hydrocarbon chain) is not polar.  By using the solubility rule that like things dissolve like things, it is possible to understand how soap works.  Interpretation of the rule means that polar compounds will dissolve in polar compounds and non polar in non polar.  In soap, we have both components within the same molecule; a polar end that will dissolve in a polar solvent - like water - and a non polar end that will dissolve grease and oils.
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Figure 2.  Polarity of a soap molecule.


It is that simple.  When we place soap on our bodies, the aliphatic tails will dissolve the grease and oils.  Hen the polar end will dissolve in water, pulling the oil from our body into the solution.  Once in the water, the soap molecules will encapsulate the grease particle, leaving their polar heads sticking outward as depicted in figure 2.  It is then very easy to rinse these encapsulated grease particles off.

[image: image15.wmf]Figure 1.  Structure of a gel on the molecular level



Figure 3.  Grease spot encapsulated by soap molecules.

 Procedure
Rendering Tallow

Place 3 to 5 pounds of animal fat, or Suet, in a large stock pot.  The fat will melt much faster if it is broken into small pieces or ground up.  Add one inch of water to the bottom of the pan.  Heat on medium to high.  Stir occasionally, until all of the fat has melted.  The remaining meat pieces should turn a darker color.


When it has melted, remove from the burner and let set for a few minutes.  Before it begins to solidify, pour through a sieve into a plastic tub.  Place the tub in the refrigerator overnight.  This will cause the purified tallow to float to the top and separate from any remaining meat particles.


Remove the tub from the refrigerator and turn upside down in a sink to remove the tallow.  The tallow can be used directly from making soap, or it can be stored in a freezer.  It is useful to render a large amount of tallow and freeze it.  This allows you to make soap at any time with only a small amount of preparation.

Making Basic Soap

Weigh out 50g of tallow and place in a 250ml beaker.  Melt the tallow on a hot plate.  When melted, remove from heat and let cool to 100o F.  To sped this up you may run cool water down the side of the beaker.  Prepare a sodium hydroxide solution by heating 20mL of 8.0 M sodium hydroxide to 100o F.  Both the tallow and the NaOH solution should be at 100o F when mixed.

When both the tallow and NaOH are at 100o F, add the NaOH to the tallow, stirring constantly.  The reaction will cause the mixture to warm slightly.  Continue stirring constantly until you see trailings in the mixture.  (Trailings are lines that form on top of the soap as you stir).


When trailings are observed, pour the soap into a mold.  Cover the mold and quickly wrap the soap in some insulating material to keep it warm.  After forty-eight hours, unwrap the mold and uncover.  Test the soap for consistency by pressing on it with your finger.  Your finger should leave a depression on the surface.  If not, allow the soap to dry longer and check daily.


When a depression stays, remove the soap from the mold.  Let it dry on a needle point screen for two weeks.  The soap is now finished and can be used.

Making Specialty Soaps

After the basic soap has been removed from the mold, allow it to dry until it has the consistency of Swiss cheese.  This can take from one to ten days, depending on the moisture content and the room temperature.  Once it has reached this consistency, grind the soap into small pieces using a cheese grater.  This will allow the soap to melt rapidly and evenly.


Place 50g of grated soap and 35mL of water in a 250mL beaker.  Place it on a hot plate at medium to low heat.  Stir occasionally.  (Be careful, constant stirring will cause the soap to form bubbles and make it difficult to work with).  Heat until all of the soap is melted and the mixture is homogenous.


Remove the beaker from the hot plate and allow to cool.  When the soap reaches 150o F, add the ingredients from a soap recipe or from your own concoction.  Stir in ingredients and pour soap into a mold.  Place the mold in the freezer for a couple of hours.  Greasing is not necessary, but it does make the removal of the soap from the molds easier.  After the soap is frozen, remove it from the mold onto a needle point screen.

Allow the soap to dry for two to three weeks before use.  During the drying process the soap will shrink.  Depending on the mold, some cracking might also occur.  To help the soap dry more evenly and reduce warping, occasional turning of the soap is helpful.  After the soap has dried, it can be used.

Questions
Write a one page paper on soap making.  Include a section that describes what you did in the laboratory and a section explaining how soap works.  Your text may be very helpful in writing the second part.
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[image: image18.wmf]Figure 1.  Structure of a gel on the molecular level
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Figure 3.  Samples after traveling through a gel
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Figure 4.  Chemical dies
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Figure 5 Electrophoresis Set
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