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Experiment 1.
Determining the Density of an Unknown Liquid

The buoyancy of an object in a fluid depends upon the density of both the object and the fluid in which it floats.  Imagine a sealed massless box whose dimensions are 1 cm1 cm1 cm (volume = 1 cm3, about the size of a sugar cube) which is placed under water.  Experience tells us that this object floats, and it does so because the mass of the water that is displaced (pushed out of the way) exceeds that of the contents of the box, which is assumed to be air.  However, it is not correct to say that an object will float or sink based solely on its mass.  Rather, it is the density of the object, the object’s mass divided by its volume (d = m/V), that determines whether it will float or sink. In this thought experiment, both the box’s volume and the amount of water displaced are both 1 cm3.  The mass of the air in a 1cm3 box is less than the mass of water displaced, indicating that the density of the empty box is less than the density of 1cm3 of water.  Because the density of the object is less than the density of the water, it floats.  Conversely, if the box had been filled with a substance such that the mass of the 1cm3 box weighed more that 1cm3 of water, the box would sink.  If an object immersed in a fluid has a density equal to the fluid it will neither float nor sink, but will appear be suspended in the fluid.  We will use this principle in today’s lab. 
In this experiment, you will determine the density of an unknown liquid by manipulating the density of an object (the flask) that will be placed in that liquid.  In order to determine the initial density of the object, you will need to determine the mass and volume of that object.  Although our laboratory is equipped with devices that allow for precise measurements of mass, volume measurements are less precise.  In Part 1 of the experiment, you will use the mass of the flask and an initial estimate of the volume to determine how much sand needs to be added to the flask in order for the flask’s density to match that of water.  Your initial estimate will likely be either too low or too high, requiring you to add or subtract sand until the flask is suspended in the fluid.  We will consider the flask to be suspended in the fluid when it takes more than three seconds for the flask to either rise to the top of the fluid or sink to the bottom.  Once equal density is established, you will determine a more precise volume for the flask using the mass of the flask and sand along with the known density of water.  In Part 2 of the experiment, you will manipulate the mass of the sand in the flask, along with the precisely known volume of the flask to determine the density of an unknown liquid.   

MATERIALS
· 10 mL boiling flask with screw cap lid

· Sand (does not need to be clean)

· 250 mL graduated cylinder (to use in the initial volume measurement of the boiling flask)

· A 500 mL beaker

· Thermometer

· Scoopula

· Balance (electronic)

· Deionized water

· Possible unknowns:  Glycerol; ethanol; salt water solution; clear soft drink (i.e. sprite, 7-up allowed to go flat); sunflower oil

PROCEDURE
Part 1:
1. Obtain a 10 mL boiling flask along with a screw cap.  

2. Weigh the flask with lid to the nearest 0.001 g.  

3. Estimate the volume of the flask with lid. (Hint: think about what will be immersed in the fluid.  Is it just air?)  

4. Fill a 500 mL beaker to the 400 mL mark with water.

5. Determine the temperature of the water with your thermometer. 
6. Given the density of water from Table 1, determine the mass of sand needed to be added to the flask in order to make its density equal to that of water.  

Table 1. Density of water at different temperatures in g/mL = g/cm3
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17
0.99878 
0.99874 
0.99871 
0.99867 
0.99864 
 

18
0.99860 
0.99856 
0.99852 
0.99849 
0.99845 
 

19
0.99841 
0.99837 
0.99833 
0.99829 
0.99825 
 

20
0.99821
0.99817
0.99812
0.99808
0.99804


21
0.99800
0.99795
0.99791
0.99786
0.99782


22
0.99777
0.99773 
0.99768 
0.99764 
0.99759 
 

23
0.99754
0.99749 
0.99745
0.99740 
0.99735 
 

24
0.99730 
0.99725 
0.99720 
0.99715 
0.99710 
 

25
0.99705 
0.99700 
0.99694 
0.99689 
0.99684  


Source: NIST Chemistry Webbook   http://webbook.nist.gov/chemistry/ 

7. Add the sand to the flask, and determine if its density matches water; if it floats or sinks readily (if it hits the bottom or the top within 3 seconds), remove or add small amounts of sand.  Ensure that you dry the area around the cap such that water does not enter the flask

8. Once the density of the flask is equal to water, remove the flask from the water, dry it off and reweigh it.  From this new mass, calculate a precise volume for the flask.

Part 2:

1. Fill a 500 mL beaker to the 400 mL mark with your unknown fluid.

2. Without removing the sand from Part 1, place the flask in the fluid to determine whether the fluid’s density is greater than or less than that of water.

3. Add or remove sand such that the density of the flask with lid matches that of the fluid.

4. Determine the density of the unknown fluid.

PRE-LAB QUESTIONS
1.  a) The volume of the flask is determined to be 23.4 ml, and its mass is 13.428 g.  Determine 
         the density of the flask.

    b) To the flask is added 3.210 g of sand.  What is the new density of the flask and sand?

2.  A flask weighing 16.428 g and having a volume of 20.708 cm3 is found to be of equal density 
     to an unknown liquid.  What is the density of the liquid?

DATA AND RESULTS
1. Temperature of water to  0.1oC
2. Density of water (g/mL) 
3. Mass of flask with lid (g)
4. Estimated volume of flask with lid (mL)
5. Estimated mass of sand to be added to make the flask equal in buoyancy to the water
6. Actual mass of sand needed to make the flask equal in buoyancy to the water
7. Precise volume of flask (mL)
8. Mass of sand required to make the flask equal in buoyancy to the unknown liquid
9. Density of the unknown liquid

Experiment 2.
Development of the Periodic Table: Part I
PROCEDURE
In this lab, you will organize a group of cards in a logical manner.  There are four variables that you will utilize in making your ordering choices; some variables are more helpful than others, but once complete, the grouping of cards as a whole should follow patterns.  To challenge you, one of the cards has been removed.  In addition to solving the overall pattern, you are to determine the properties of the missing card.  

QUESTIONS
1.  What variables were most helpful in solving for your pattern; what were the least?
2.  What are the properties of the missing card?

3.  Write an explanation of how to order these cards to someone else.  

Experiment 3.
Development of the Periodic Table: Part II
Last week we observed how patterns in the properties of elements could be used to construct a useful table for organizing and communicating these properties.   In this week’s lab, you will experimentally determine the order in which a series of these elements should lay in the periodic table.  The elements in a vertical column in the periodic table are referred to as a family or group, and their physical and chemical properties are similar, though they gradually change up and down that group.  The two groups that you will experiment with today are the alkaline earths (Group 2) and the halogens (Group 17).

Alkaline earth compounds exist as M2+ ions in solutions (i.e. Ca2+).  If an alkaline earth compound is mixed with the correct anion (such as PO43-), an insoluble compound called a precipitate will form.  

For example:




M2+(aq) + PO43-(aq) (M3PO4(s)





(1)

Notice that the first two species are aqueous, while the resulting precipitate is a solid.  Aqueous solutions are see-through, though some may be colored, while precipitates in solution are cloudy or milky, or have solid dispersed within them or deposited at the bottom of the containment vessel.  In this lab, we will use for anions SO42-, CO32-, C2O42- and IO3-.  Not all of the anions will produce insoluble compounds with all the alkaline earth cations.  However, they should show a smooth trend consistent with the order of the cations in the periodic table.  That is, as we go from one end of the alkaline earth family to the other, the solubilities of these cations with a specific anionic anion, for example SO42-, should either increase or decrease maybe starting off soluble on one end and ending insoluble on the other end (or vice-versa).  By determining such trends, you will be able to confirm the order of the alkaline earths in the Periodic Table.  

The halogens, opposite to the alkaline earths, form anions with a -1 charge when they form ionic species (i.e. Cl-).  That is, they pull one electron from whichever cation to which they are attached.  This ability to pull an electron away is known as oxidizing strength.  All of the halogens are highly oxidizing (they act as oxidizing agents), but within the group, this strength changes as one goes up or down the group.  When a solution containing a halogen in its elemental form (i.e.X2 as in Cl2​, Br2, F2) is mixed with a solution made of a halide ion (i.e. Y- as in Cl-, Br-, F-) the following reaction may occur:




X2(aq) + 2Y-(aq) ( 2X-(aq) + Y2(aq)




(2)

For this reaction to occur, X would have to have more oxidizing strength than Y because X removed the extra electrons that Y previously had.  However, if Y were a stronger oxidizer than X, then it would have kept those extra electrons and the reaction will not occur as written, but rather as



Y2(aq) + 2X-(aq) ( 2Y-(aq) + X2(aq)




(3)

We will be able to tell if a reaction occurs by the colors that we observe because in water, and particularly in some organic solvents, the halogens have characteristic colors.

PROCEDURE
Part 1: Relative Solubilities of Some Salts of the Alkaline Earths

1. You will mix salts of four alkaline earth elements with four different anions.  You should record your observations in the table provided.  
2. To each of four small test tubes add about 1 mL (~ 12 drops) of 1 M H2SO4.  This will provide the SO42- anion.  Then add 1 mL of 0.1 M solutions of the salts of barium, calcium, magnesium and strontium to these tubes.  The salts will be in the form of nitrate salts {i.e. Ba(NO3)2} because nitrate salts are always soluble; their role is to deliver the M2+ ions into solution.  
3. Stir the mixture with your glass stirring rod, rinsing the rod in a beaker of distilled water between stirs.  Record your results on the solubility of the sulfates of the alkaline earths in the table provided, noting whether a precipitate forms and any characteristics such as color, amount, size of the precipitate particles, and settling tendencies, that might distinguish it.  
4. At this point you have tested all four of your alkaline earth cations with the sulfate anion.  Repeat the experiment substituting for H2SO4 the solutions containing the CO32-, C2O42- and IO3- anions.    

Part 2: Relative Oxidizing Powers of the Halogens
1. Label three small test tubes as follows: bromine standard, chlorine standard, iodine standard.  To each of three small test tubes add approximately 10 drops of hexane.  
2. Then, to the test tube marked bromine standard, add 5 drops of the bromine-water solution.  Use a stopper or cork to seal the test tube and turn the test tube back and forth to thoroughly mix the chemicals.  Remove the stopper or cork to release any pressure buildup.  
3. Repeat for both the chlorine water and iodine water solutions, in their respective test tubes, and place all three test tubes aside for later comparison.  
The halide water solutions should all be colorless.  However, in these test tubes the halides occasionally combine, transforming from an ionic halogen into its molecular form (2X- ( X2).  The halogen molecule is more soluble in an organic (hexane) layer than in the water solution, so the hexane layer turns the color of whichever halogen molecule that is dissolved within it.  The three test tubes show the color of each element as it will appear in the hexane layer, and will therefore help you to identify which element is present in the deduction part of this procedure.  Make sure that you record your observations of the color into your notebook.    

4. Next, add about 1 mL of the given sodium halide salt solutions into each of the test tubes, that is, for test tube 1, add 1 mL of NaBr, for test tube 2, add 1 mL of NaCl, and add 1 mL NaI to test tube 3.  The sodium cation is here only to deliver the halogen ion; it plays no role in the overall reaction.  Record your observations in the top box of the table provided in Part 2.  
5. Then, add 5 drops of chlorine water to each of the test tubes and again record your observations.  
6. Finally, add about 10 drops of hexane to each test tube, tightly stopper the test tube, and gently shake it for a few seconds.   Remove the stopper after shaking.  Let the hexane and water solutions separate; the hexane is less dense than the water layer.  Compare the color of the hexane layers to those in the control test tubes to identify which element, chlorine, bromine or iodine, is present in the hexane layer after mixing.  
The molecular halogen present in the hexane layer, according to Equation 2, will have the least oxidizing strength of the two sets of halogens present in that particular test tube.  To identify which halogen is present in the hexane layer, compare your test tube to one of the standards.   You should record your results in bottom panel of the table provided in Part 2.  
7. Repeat this experiment by adding 1 mL of the sodium halide salts to three additional test tubes, but this time add the chlorine water solution.  Record your results and then repeat the experiment with the iodine water solution. 

PRE-LAB QUESTIONS:

1 A.  Substances A, B, and C can all act as oxidizing agents.  In a water solution, A is green, B is 
         yellow and C is red.  Sodium salts of these species (NaY) are all colorless when placed in 
         solution, and yield A-, B-, and C- ions.  When a solution of C is mixed with one containing    

         A- ions, the color changes from red to green.

a)  Did a chemical reaction occur?  How do you know?

b)  Before reaction, which species, A or C originally had the extra electron?

c)  After the reaction, which species, A or C has the extra electron?

d)  Write a reaction in the form X2(aq) + 2Y-(aq) ( 2X-(aq) + Y2(aq) that shows this reaction.

1 B.  When a solution of C is mixed with one containing B- ions, the color remains red 

     a)  Did a chemical reaction occur?  How do you know?

b)  Before reaction, which species, C or B originally had the extra electron?

c)  After the reaction, which species, C or B has the extra electron?

d)  Write a reaction in the form X2(aq) + 2Y-(aq) ( 2X-(aq) + Y2(aq) that shows this reaction.

2.  A student wishes to make a precipitate of MgOH.  To ensure than no alternate precipitation 
     reactions occur, what two salts should be mixed in order to achieve these results?

DATA
Part 1: Solubilities of Salts of the Alkaline Earths   

	
	1 M H2SO4
	1 M Na2CO3
	0.25 M (NH4)2C2O4
	0.1 M KIO3

	Ba(NO3)2
	
	
	
	

	Ca(NO3)2
	
	
	
	

	Mg(NO3)2
	
	
	
	

	Sr(NO3)3
	
	
	
	


Key: P = Precipitate forms:  S = no precipitate forms

Consider the relative solubilities of the Group 2 cations in the various precipitating reagents.  On the basis of the trends you observe, list the four alkaline earths in the order in which they should appear in the Periodic Table starting with the one that does not form a precipitate with the oxalate anion (C2O42-)

Most soluble _________
_________
_________
_________ least soluble

Is the order in which you arranged the group 2 cations in consistent with their ordering in the Periodic Table?

Part 2:  Relative Oxidizing Powers of the Halogens

a.  Write the color of the halogen in each of the solutions listed below




       Br2
      Cl2

       I2

Hexane
_________
_________
_________


Water

_________
_________
_________
b.  Reactions between halogens and halides

Out of the nine reactions that you will observe, write the six oxidation reactions that you observed for Part II using the generic form X2(aq) + 2Y-(aq) ( 2X-(aq) + Y2(aq).  Note that three reactions will not yield useful results, and that not observing a reaction still allows one to write an oxidation reaction.     

	
	Chloride anion
	Bromide anion
	Iodide anion

	Chlorine water
	
	
	

	Bromine water
	
	
	

	Iodine water
	
	
	


Rank the halogens in order of their increasing oxidizing power.


Weakest ____________
____________
____________  Strongest

Is this their order in the periodic Table?

Experiment 4.
Calorimetry

Part 1
A common method for determining the energy content of food is through a process known as calorimetry.  In this process, food is combusted, releasing heat energy which is then absorbed by another substance, usually water, resulting in an increase in the water’s temperature.  The amount of heat necessary to induce a temperature change in water is given by the equation:




q = mw cw T







(1)

where q is the quantity of heat energy released, mw is the mass of water that is heated, T is the change in the temperature of water (Tfinal - Tinitial), usually given in oC or K, and cw is the specific heat of water and given in units of J/g-oC or J/g-K.  The amount of heat absorbed by the water (heat intake) must have originated from the combustion of the food (heat output).  Barring any measurable heat loss or input from other sources, the magnitude of both quantities must be equal to one another; however the signs will be opposite reflecting that the direction of heat flow was out in one case and in for another.




qout =  -qin







(2)
In this lab, you will determine the amount of energy stored in a peanut through Calorimetry.  To facilitate this measurement, you must first build an inexpensive calorimeter, a device that is used to measure the transfer of heat energy during a chemical or physical change.  The calorimeter will be fashioned from a soda can, to which you will add water.  Water has a well-known specific heat of 4.18 J/g-K; aluminum has a specific heat of 0.90 J/g-K.  You will use this information to deduce the amount of energy transferred to the can by recording the temperature rise for the specific volume of water used.  Assuming that all the energy absorbed by the calorimeter originated from the peanut, you will calculate the amount of energy released per gram of peanut consumed (not all of the peanut will be combusted).  In this determination, we must include in our calculations that the peanut heated up the soda can as well as the water.  Assuming that the soda can is made of aluminum, the equation

Q = mw cw T + mc cc T





(3)
is used to find the total amount of heat energy absorbed by the can, where mc and cc are the mass and the specific heat of the can, respectively.  
CAUTION: Be sure the room is well-ventilated. Use gloves or forceps to handle hot equipment and burned peanut.  If you have peanut allergies, alert your instructor and an alternative nut will be used.

Part 2

The law of the conservation of energy states that energy can never be created or destroyed - it can only change form.  We utilized this law here in Part 1 in that the chemical energy stored within the peanut was transformed during combustion into heat energy, which was then transferred to the calorimeter.  We are assuming that the all of the chemical energy released by the peanut is transformed into heat energy, but conversions such as this one are never 100% efficient.  Heat radiates in all directions, so not all of it was absorbed by the calorimeter.  Energy may have also been lost through other mechanisms, such as sound.  In addition, incomplete chemical combustion may have occurred which would carry unburned portions of the peanut away in the form of soot.  A more efficient method of increasing the temperature of water, one that we are more familiar with, is through electrical heating.  In this portion of the experiment, you will determine the amount of electrical energy that is required to obtain the same temperature increase that you observed from Part 1.  The device that we are using will deliver power (Watts = J/second) to the heating filament.  To obtain the energy that was needed to heat the filament, the duration (in seconds) of how long that power was used needs to be recorded.        

The apparatus you will use is shown below.
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MATERIALS

· 600 mL beaker

· 12-oz. soda can

· Celsius thermometer

· compass or scissors

· heat resistant gloves, forceps or thongs. 

· shelled peanut or other high-fat food such as a potato chip

· Alternative power supply/calorimeter setup


PROCEDURE
Part 1
1. Punch four holes evenly around a soda can, 2 to 3 cm from the top (use a compass or scissors). Place two straightened paper clips (or pieces of a wire hanger) into opposing holes. Hang the can in the wire ring on the ring stand, and adjust the height accordingly.
2. Weigh the can (mc).
3. Add 200 mL of water to the soda can, and reweigh the can plus water (mc + mw). This apparatus is your calorimeter.  It is important to use the same volume of water for all experiments.
4. Place the thermometer into the mouth of the can. Remember to suspend the thermometer in the water when taking a temperature reading. Before going any further, check the apparatus to make sure that everything is secured.
5. Fashion a stand for the peanut out of a paperclip, and place this stand and a peanut in a metal weighing dish.  Measure the initial mass of the weighing dish, stand and peanut.
6. Let the water sit in the can for a couple of minutes, and then take an initial temperature reading of the water (Tinitial) in the can.  We will assume that the water and the can have come to an equilibrium temperature that is the same for both.   
7. Use a match or Bunsen burner to set the peanut on fire. This may take several tries. Closely observe the nut as it burns. If the peanut falls off the stand, start over immediately. 
8. As the peanut is burning, take water temperature readings every 15 seconds.  After the peanut stops burning, continue to record the temperature every 15 seconds until the temperature no longer continues to increase.  The highest temperature that you record is your final temperature (Tfinal).  Assuming that both the can and the water share the same Tfinal and Tinitial, calculate T.   

9. As soon as the weighing dish cools, use forceps to lift the dish containing the burned remains onto the balance. Take a final mass, and record in the data table.

10. Calculate the amount of heat transferred to the calorimeter and water from the peanut using Equation 3.

11. Repeat the experiment, and average your results from Step 10.  You should create your own data table to record your answers in a logical fashion.  

Part 2

1. Weigh the inner canister, and then add 200 ml of cold tap water to the small canister and again weigh the canister with the water in it. Determine the mass of the canister (mc) and the mass of water (mw) in g.

2. Place the small canister inside the empty larger one. Position the end of the temperature sensor in the middle of the small canister. 

3. Record the initial temperature of the water in your notebook.  Turn on the power supply and set the voltage to 10.0 V.
4. Record the voltage (V) and current (I) from the power supply. These values should not change during the course of the measurement.  Continue to stir the water while the power supply is on.

5. When you have reached the desired temperature (Tinitial + T), click Stop. Record how long it took, t, to reach the final temperature (Tf). Calculate the change in temperature of the water T = Tf – Ti.

6. The electrical power is the current (I) in amperes times the voltage (V), in volts. The electrical energy dissipated during time t is:

E = IVt



(Joules)

(4)

Calculate how much energy was produced by the power supply to heat the water to the desired temperature.
7. The heat input to the water during that time is:

Q = mw cw T + mc cc T

(Joules)

(5)

where the specific heats are cw = 4.186 J/kg((C and cc = 900 J/kg((C. This takes into account the energy needed to heat the water plus the energy needed to heat the canister. With your data, calculate how much energy was used to heat the water and canister by T.

PRE-LAB QUESTIONS:  For the following questions, explain your reasoning.

1.  a)  The specific heat of aluminum is 0.90 J/g-K.  As heat is applied to the soda can 
          calorimeter, which will increase in temperature the fastest, the aluminum can or water 
          contained in the aluminum can?  

    b)  Which will reach the highest temperature, assuming that heat is not lost into the 
         environment?

2.   A calorimeter made of a 22.0 g aluminum can and 200 mL of water, both initially at 20.5 oC 
      receive 1000 J of heat energy, what will be the final temperature of the water if all the heat 
      goes into raising the temperature of the calorimeter?     

DATA AND RESULTS

Part 1:

Mass of the can (mc):
Mass of the can plus water (mc + mw):

Initial mass of the weighting dish, stand, and peanut:

Initial temperature of the water (Tinitial): 
	     Trial #
	     Trial #
	     Trial #
	     Trial #

	Time
	Temperature
	Time
	Temperature
	Time
	Temperautre
	Time
	Temperautre

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Final temperature of the water (Tfinal):



T:
Final mass of the weighting dish, stand, peanut:
Calculate the amount of heat transferred to the calorimeter and water from the peanut.

Part 2:

Mass of inner canister:


          Mass of canister with water:

Mass of canister (mc):



          Mass of water (mw):

Initial temperature of the water:
Voltage (V):




          Current (I): 

Final temperature (Tfinal) of the water:
          T:
Time needed to reach the final temperature:
Calculate how much energy was produced by the power supply to heat the water to the desired temperature.
Calculate how much energy was used to heat the water and canister by T.
Experiment 5.
Atomic Spectroscopy

Part 1

When atoms are excited, either in an electric discharge or with heat, they tend to give off light.  Sometimes this light is emitted only at certain wavelengths that are characteristic of the atoms in the sample.  These wavelengths constitute what is called the atomic spectrum of the excited element and reveal much of the detailed information we have regarding the electronic structure of atoms.

Atomic spectra are interpreted in terms of quantum theory.  According to this theory, electrons in atoms can exist only in certain states, each of which has an associated fixed amount of energy.  When an electron changes its state, the atom must absorb or emit an amount of energy that is just equal to the difference between the energies of the initial and final states of the electron.  This energy may be absorbed or emitted in the form of light.  The emission spectrum of an atom is obtained when excited electrons fall from higher to lower energy levels.  Since there are many such levels, the atomic spectra of most elements are very complex.

Light is absorbed or emitted by atoms in the form of photons, each of which has a specific amount of energy, .  This energy is related to the wavelength of light by the equation






[image: image2.png]:,
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(1)

Where h is Planck’s constant, 6.6260810-34 Js, c is the speed of light, 2.997925108 m/s, and  is the wavelength, in meters.  The energy photon is in Joules and is the energy given off by one atom when the electron jumps from a higher to a lower energy level.  Since total energy is conserved, the change in energy of the atom, atom, must equal the energy of the photon emitted:
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(2)


where atom is equal to the energy in the upper level minus the energy in the lower level.  Combining Equations 1 and 2, we obtain the relation between the change in energy of the atom and the wavelength of light associated with that change:
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(3)
The amount of energy in a photon given off when the electron in an atom makes a transition from one level to another is very small, of the order 110-19 joules.  To avoid such small numbers, we will work with 1 mole of atoms, much as we do in dealing with energies involved in chemical reactions.  To do this we need only to multiply Equation 3 by Avogadro’s number N.  Let
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(4)
Substituting the values for N, h, and c, and expressing the wavelength in nanometers rather than meters we obtain an equation relating energy change in kilojoules per mole of atoms to the wavelength of photons associated with such a change:
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(5)

Equation 5 is useful in the interpretation of atomic spectra.  Say, for example, we study the atomic spectrum of sodium and find that the wavelength of the strong yellow line is 589.16 nm.  This line is known to result from a transition between two of the three lowest levels in the atom.  The energies of these levels are shown in Figure 1.  To make the determination of the levels which give rise to the 589.16 nm line, we note that there are three possible transitions, shown by downward arrows in Figure 1.  We find the wavelength associated with those transitions by first calculating E ([image: image15.png]E,

A




 for each transition.  Knowing E we calculate λ by Equation 4.  Clearly, the II ( I transition is the source of the yellow line in the spectrum.  Note that the longer the arrow that is drawn between levels, the greater the magnitude of E, and the shorter the wavelength.   
Figure 1: The energy levels of atomic sodium


EIII-EII = -187.931 – (-292.802) = 104.871 kJ
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EIII-EI = -187.931 – (-495.849) = 307.918 kJ
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EII-EI = -292.802 – (-495.849) = 203.047 kJ
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The simplest of all atomic spectra is that of the hydrogen atom.  In 1886, Balmer showed that the lines in the spectrum of the hydrogen atom had wavelengths that could be expressed by a rather simple equation.  Bohr, in 1913, explained the spectrum on a theoretical basis with his famous model of the hydrogen atom.  According to Bohr’s theory, the energies available to a hydrogen atom are given by the equation.
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(6)

where Rc is a constant predicted by the theory, and n is an integer, 1,2,3,…, called the principal quantum number.  It has been found that all the lines in the atomic spectrum of hydrogen can be associated with energy levels in the atom which are predicted with great accuracy by Bohr’s equation.  When we write Equation 6 in terms of a mole of H atoms and substitute the numerical value for Rc, we obtain
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(7)

Using Equation 7, you can calculate the energy levels for hydrogen.  Electronic transitions between these levels give rise to the wavelengths in the atomic spectrum of hydrogen.  These wavelengths are also known very accurately.  Given both the energy levels and the wavelengths, it is possible to determine the actual levels associated with each wavelength.  In this experiment, your task will be to make determinations of this type for the observed wavelengths in the hydrogen atomic spectrum.  Note that in Equation 7, the energy is negative, and energy output (in the form of a photon) is required for an electron to make a transition from a level whose magnitude is higher to one whose magnitude is lower.  This is analogous to a hole dug into the ground and a ladder lowered into the hole.  Since the hole is underground, we can say that the height of the ladder is a negative number since it is measured down instead of up.  The first rung of the ladder is lower than the second rung, etc., and to climb down the ladder energy, in the form of gravitational potential energy, is released; to climb up the ladder, energy is required.     
Part 2

What do fireworks and neon signs have in common? In each case, we see the brilliant colors because the atoms and molecules are emitting energy in the form of visible light.  Emission of these colors is due to electrons making transitions from higher energy levels to lower ones, just like in the Bohr model discussed in Part 1.  Hydrogen has only one electron per atom, but not all of the electrons on each of the hydrogen atoms originate and terminate in the same levels.  This gives rise to line spectra.  From your calculations for Part 1, you should be able to determine which transitions will be observed for hydrogen in the visible spectrum, 350 nm to 750 nm.  Other atoms (and molecules) contain more than one electron.  The electrons in multielectron atoms repel one another and greatly complicate the theory for predicting the energy of the transitions that occur (and thus the colors they emit).  Observation of these transitions demonstrated to scientists that the Bohr Theory was incomplete, and this led to the development of the Schrodinger Theory of Quantum Mechanics used today.

In this next section you will observe and record atomic line spectra from discharge tubes located in the lab.  Discharge tubes electronically excite (raise to higher energy levels) the gas held within it, and we observe light emitting from this gas when the electrons transition to lower energy levels.  When this light is passed through a diffraction grating, it is split into different colors corresponding to the transitions that are occurring in the atom, producing what is called a line spectrum.  Each atom produces a unique line spectrum.  A comparison of observed line spectra of a gaseous sample with those of known gases will allow one to determine the identity of the gas.  Methods such as this allow scientists to determine the composition of stars, nebula, and other objects in the universe.  

Not all light that we see is due to line spectra.  Light from incandescent (tungsten) light is an example of blackbody radiation where a continuous spectrum of colors is observed due to the temperature of the source rather than from atomic transitions occurring in the material that makes up the source.  

EQUIPMENT NEEDED

· Salts for flame test

· Incandescent light bulb/lamp

· Handheld grating spectrometers

· Bunsen burner

PROCEDURE

Part 2.  Atomic Spectra
1. Go to one of the lab stations where a hydrogen discharge tube is set up. Turn on the electricity, and observe the color given off by the gas. Record your observation in the data table. 

2. Look through a diffraction grating, and observe and record in the table the colored lines (spectrum) produced by the gas. The rulings on the grating range from 350 nm on the right, to 780 nm on the left.    

3. Go to the rest of the lab stations, and repeat for each gas.

Part 3.
  Flame Test 
1. Go to the flame test station where the test tubes filled with salt solutions. 
2. Light the Bunsen burner, and obtain a blue flame. Be sure not to get a yellow flame.
3. Carefully place the end of the wire loop that was soaked in the salt solution at the top of the inner blue cone. Record the color and intensity (bright/faint) of the flame in the data table. The color given off by the salt is the initial color observed, not the yellow-orange color produced by the burning wire.
4. Repeat with the other salts ensuring not to mix the rods into different solutions. Be sure to record the colors as precisely as possible.
5. You are unlikely to observe line spectra from the flame test.  However, look at the Bunsen burner flame.  Is this an example of line spectra or is it a blackbody spectrum?  Look at other light sources throughout the room, and determine if the light originates from line spectra or a blackbody spectrum.

PRE-LAB QUESTIONS
1.  The helium ion, He+, has energy levels similar to those of the hydrogen atom, since both

     species have only one electron.  The energy levels of the He+ ion are given by the equation
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    a) Calculate the energies in kJ/mol for the four lowest energy levels of the He+ ion.








E1 = ______________________kJ/mol








E2 = ______________________kJ/mol








E3 = ______________________kJ/mol








E4 = ______________________kJ/mol
    b)  Draw horizontal lines representing the levels from part a.  Draw transitions from the n = 2 
         to the n = 1 level and the n = 4 to the n = 2 level.


c.    Find the value of E in kJ/mol for the transitions n = 2 to n = 1 and n = 4 to n = 2.  Find the
       wavelength in nm of the photon emitted when this transition occurs.   

Data and Calculations 
Part 1

A.  Calculation of the Energy Levels of the Hydrogen Atom
Calculate the energy for each of the ten lowest energy states for the hydrogen atom in the table below.
	Quantum Number, n
	Energy, En, in kJ/mol

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	


B.  Calculation of Wavelengths in the Spectrum of the H Atom

In the upper half of each box, write E, the difference in energy in kJ/mol between [image: image29.png]2
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.  In the lower half of the box, write  in nm, associated with that value ofE.
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	6
	5
	4
	3
	2
	1

 

	1
	
	
	
	
	984.03
	Energy (kJ/mol)

	  
	
	
	
	
	121.57
	Wavelength ( in nm)

	2
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	 
	
	
	
	
	
	
	

	4
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Part 2

	
	Color of the discharge tube
	Sketch of the line spectrum

	Hydrogen
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	Helium
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	Neon
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	Oxygen
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	Sodium
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	Mercury
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	Water
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	Xenon
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	Krypton
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From the line spectra that you observed for hydrogen, indicate which transitions give rise to the observed wavelengths ([image: image46.png]Moppar — Miowar.)



.  
Draw horizontal lines indicating the energy levels present in the hydrogen atom from your results from Part 1.  Draw an arrow corresponding to the transitions that you observed in Part 2.   
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How much energy (kJ/mol) would be required to remove an electron from its lowest energy state (referred to as the ground state) to one where the electron and the nucleus feel no attraction towards one another (E = 0 kJ/mol)?  At this point, the atom is ionized in that the electron is completely removed from the nucleus.
The sun is a massive ball of burning hydrogen.  Is the color of the sun (yellow-orange) due to line spectra or its blackbody spectrum?  Do not look at the sun with your diffraction gratings.  
Experiment 6.
Synthesis and Properties of Soap

Part 1
One of the oldest chemical processes known to humans is the manufacture of soaps through a process known as saponification, where triacylglycerols (also known as triglycerides) are reacted with sodium or potassium hydroxide to produce glycerol and a carboxylic (fatty) acid salt.  It is the carboxylic acid salt, where the terminal H+ is replaced by a Na+,  that is referred to as “soap”.  Triglycerides were readily available to humans as they are present in many different forms in animal fat.  The hydroxides of both sodium and potassium were available in the form of lye which was produced from the ashes of hardwood trees.  
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Triacylglyceride



                         Glycerol       Carboxylic acid

In this experiment, you will prepare soap from animal fat (lard) through saponification.  In terms of the chemistry that is occurring in this process, water molecules are split into H+ and OH- ions during the breakdown of the triglyceride through a process known as hydrolysis.   The fatty acids in a triglyceride are rarely of a single type in any given fat or oil.  In fact, a single triglyceride molecule may contain three different acid residues (R1COOH, R2COOH, R3COOH where Rx is a general symbol for an alkyl group, one that contains only hydrogens and carbons).  Each fat or oil, however, has a characteristic distribution of the various types of acids possible.  For example, beef fat generally contains 50% oleic acid, CH3(CH2)7CH=CH(CH2)7COOH , with the majority of the remaining acids being myristic (C14), palmitic (C16), and stearic (C18) unsaturated acids.



                 Oleic Acid



            
Myristic acid

Tallow is the principal fatty material used in making soap.  Soapmakers usually blend tallow with coconut oil and this mixture is saponified.  The resulting soap contains mainly the salts of palmitic, stearic, myristic, and oleic acids from the tallow, and the salts of lauric and myristic acids from the coconut oil.  Coconut oil is added to produce a softer, more soluble soap.   

Tallow

CH3(CH2)14COOH

CH3(CH2)16COOH




   palmitic acid


  stearic acid

Coconut oil
CH3(CH2)10COOH

CH3(CH2)12COOH



   lauric acid


  myristic acid

Depending on the source of the fat and the base used, you get soaps with different properties.  Lard from hogs differs from tallow from cattle or sheep in that the lard contains more oleic acid.  Because the salt of a saturated long-chain acid makes a harder, more insoluble soap, the soap formed from tallow is less soluble than that formed from lard.  Using different bases to saponify the fats also changes the properties of the soap.  Sodium hydroxide produces a harder soap than that made from potassium hydroxide.     

Soaps that we commonly use for bathing (toilet soaps) have been carefully washed free of any base remaining from the saponification.  Floating soaps, such as Ivory soap, are produced by blowing air into the soap as it solidifies.  Scouring soaps have added abrasives, such as fine sand or pumice.

In areas with hard water, soaps react with divalent cations (Mg2+, Ca2+) to form insoluble precipitates we commonly refer to as “soap scum.”


2 RCOO-Na+ + Mg2+(aq) ( (RCOO-)2Mg2+ + 2 Na+(aq)

            water-soluble

    precipitate

An ion exchange column can be used to soften water.  The column contains synthetic resin beads that hold sodium ions (or potassium ions).  As hard water passes through the resin, the hard water ions are attracted to the beads and exchange themselves for the sodium or potassium ions.  This process produces water that contains sodium or potassium ions instead of the divalent metal ions.    

Part 2

Soap is a "surfactant" which is a contraction of "surface active agent." Surfactants contain both polar groups (-COO-) and nonpolar groups (long chains of carbon atoms).  Polar compounds (or groups) are attracted to water and are termed hydrophilic (water attracting).  Nonpolar compounds (or groups) are water repelling, or hydrophobic, and are soluble in or miscible with nonpolar compounds, such as fats, grease, oil, or other “dirt”.  This dual characteristic of soap is the reason behind its cleaning action.  The fat or oil is displaced from the fiber by the soap solution to form large globules that can be detached by jarring (rubbing) and then dispersed (emulsified) in the aqueous solution.  

Surfactants are said to act to make the water "wetter" - breaking the surface tension of the water, and allowing the water to clean the dirt and/or oil better. This simple experiment demonstrates how this works.
PROCEDURE

Part 1:
1 – A:  Synthesis of soap
1.  Weigh a 150-mL beaker, then add to it 18 to 20 g of vegetable oil.  Add 20 mL of ethyl 

     alcohol and 25 mL of 20% sodium hydroxide solution.

2.  Gently heat the solution using a ring stand and wire gauze.  Stir using your glass rod.

     Continue the heating until the odor of alcohol is no longer apparent and a pasty mass remains 

     in the beaker.  The reaction product is a mixture of the soap and the glycerol freed in the 

     reaction.

3.  Allow the soap mixture to cool; then add 100 mL of saturated sodium chloride solution and

     stir thoroughly.  This process is called salting out and is used to remove the soap from water,

     glycerol, and any excess sodium hydroxide present.

4.  After the mixture has been stirred and mixed completely, filter off the soap on a Buchner 

     funnel, using suctions.  Rinse with two 10-mL portions of ice-cold water, drawing this water 

     through the funnel.  Allow your soap to dry by spreading it out on a paper towel.

1 – B: Properties and Reactions of Soap
1.  Basicity
A soap that contains free alkali is harmful to the skin, silk, or wool.  To test for the presence of free base, dissolve a small amount of your soap in 5 mL of ethyl alcohol, and add two drops of phenolphthalein.  If the indicator turns red, free alkali is present.  Record your observation.

2.  Reaction with multivalent cations
Dissolve about 1 g of your soap in 50 mL of warm water.  Pour about 10 mL of soap solution into each of the three test tubes.  To the first test tube, add 8 or 10 drops of 5% CaCl2; to the second, 8 or 10 drops of 5% MgCl2; and to the third, 8 or 10 drops of 5% FeCl3.  Record your observations.

3.  Emulsification
Put 5 to 10 drops of a nonpolar hydrocarbon (octane, nonane, etc.) in a test tube containing 8 to 10 mL of water and shake it.  An emulsion of tiny oil droplets in water will form (the solution will look cloudy).  Let this solution stand for a few minutes.  Prepare another test tube with the same ingredients, but add about 0.5 g of your soap to it before shaking it.  Compare the stabilities of the emulsions in the two test tubes.  Which emulsion seems to contain smaller droplets?    Which emulsion clears up first?  Record your answers.

Part 2:
1.  Cut a boat shaped similar to the outline below out of an index card


2.  Fill a large container with water and place the boat in the middle of it to make sure that it 
     floats well.  

3.   Float the boat in a container of water.

4.  In a test tube, make a soap solution out of about 0.5 g of your soap from part 1.  Using your 
     stirring rod, pour a few drops of the soap solution in the square notch cut out at the back of 
     the cutout.

 5.  Why is the boat moving in the manner that it does?  Try different boat designs to test your 
      ideas.  Use fresh water as often as possible. 

OBSERVATIONS
Basicity

Reaction with multivalent cations
Ca2+
Mg2+
Fe3+
Emulsification

Soap propelled boat. 

When the boat is initially placed on clean water, the water molecules around the boat pull on it from all sides.  On the boat drawing below on the left, draw arrows indicating the pull on the boat from the attractive cohesive forces of the water surrounding the boat.  When a surfactant is added to water, it reduces the cohesive forces of the water.  To the boat drawing below on the right, draw arrows indicating the pull on the boat from the cohesive forces of the water surrounding the boat that are not affected by the surfactant.  Can you explain why the boat moves in the direction that it does?
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Experiment 7.
Molecular Geometry

The geometry of a molecule or a polyatomic ion can be determined using a concept called VSEPR (valence-shell electron-pair repulsion).  When you write Lewis structures and you connect two atoms together, you are using a bonding pair of electrons (more if you make a double or triple bond).  If, once you have drawn a correct Lewis structure for a molecule, you have electron pairs that are not bonded to another atom, those are referred to as nonbonding electron pairs or lone pairs of electrons.  Both types of electron pairs, bonding and nonbonding, occupy particular regions around a central atom, and each electron pair (bonding and nonbonding) is referred to as an electron domain.  Since double and triple bonds occupy a similar region of space between two atoms just as a single bond would, they also represent a single electron domain.  Since electrons are negatively charged and repel each other, the geometry around a particular atom is the one that will minimize repulsions between the various electron domains, or in other words, the electron domains spread out as much as possible.  The number of bonded atoms and lone pairs (if present) around an atom will determine the geometry of a molecule or polyatomic ion around that atom.  The number of electron domains will determine the electron domain geometry, while the molecular geometry represents the arrangement of only the atoms in a molecule or ion. 

Electronegativity is a measure of how well an atom is able to attract electrons to itself (refer to your text for a table of electronegativity values).  A difference in electronegativity determines the polarity of a bond between two atoms.   The greater the difference in electronegativity for a pair of bonded atoms, the more unequal the sharing of electrons between those two atoms, and the more polar the bond.  The direction of electron pull is towards the more electronegative atom, and this will give the more electronegative atom a partial negative charge, with the other atom having a partial positive charge.  In a diatomic molecule, HCl for example, the difference in electronegativity results in a polar bond, and consequently a polar molecule.  For Cl2, the electrons are shared equally, so both the bond and the molecule are nonpolar.  For a molecule with more than two atoms, whether the molecule is polar or nonpolar depends on both the polarity of individual bonds and the geometry of the molecule.  Bond dipoles and dipole moments for a molecule (polarity) are vector quantities with both a magnitude and a direction.  For an individual bond, the more polar the bond is, the greater the difference in electronegativity and the greater the magnitude of the dipole vector.  The overall dipole moment for a polyatomic molecule would be the sum of the vectors for the polar bonds.  In the case of CO2, the geometry for the molecule is linear (O=C=O).  While the C=O bond is polar, the two bond dipoles (vectors) are equal in magnitude, but opposite in direction, so the vector sum adds to zero and the molecule is nonpolar.  In other words, the 2 identical polar bonds are counterbalanced, and the molecule has no net dipole moment and is nonpolar.  In summary, for a molecule to be polar there needs to be a net imbalance of charge distribution in the molecule.  If the central atom is symmetrically surrounded by identical atoms, than the molecule will be nonpolar.  If there is an unsymmetrical arrangement of atoms around the central atom, due to its geometry, the presence of different atoms, etc., than the molecule will be polar.

The Rules for drawing Lewis structures are summarized below.

1.  Sum the valence electrons from all atoms.

2.  Write the symbols for the atoms to show which atoms are attached to which, and
     connect them with a single bond.

3.  Complete the octets around all the atoms bonded to the central atom.

4.  Place any leftover electrons on the central atom.

5.  If there are not enough electrons to give the central atom an octet, try multiple bonds.

To properly draw Lewis structures, you need to be able to not only apply each of the rules, but also apply them in the proper order.  In regards to step 5, you will encounter some structures where there are two equivalent atoms to which you could connect to the central atom through a double bond.  These situations, where you have a choice, give rise to different Lewis structures which are all equally acceptable.  These different structures are known as resonance structures.  The different resonance structures are typically displayed next to one another with a double arrow, ((, between each structure.  The most accurate description of the real molecule is an average of all of the resonance structures.  In the questions below, if the molecule possesses resonance structures, draw each structure next to one another with a double arrow between them.
MATERIAL

· 12 balloons per student

· Hole punch
PROCEDURE
For the following lab, you will represent the electron domains as balloons, which will be tied together at a location that represents the central atom.  This means that you won’t have a center atom, the one that is listed first.  You should obtain 9 balloons, 6 of one color (atoms) and 3 of another (electron pairs).  

DATA AND RESULTS

Part1

1. 2 electron domains (2 bonded atoms, no lone pairs)  (XY2): 

    -molecular geometry = linear

    -bond angle = 180o
    BeCl2


    What is the number of electrons?


    Draw the Lewis dot structure.

    Is there:

    Molecular polarity?  
( Y  /  N )

    Resonance Structure? 
( Y  /  N )




2. 3 electron domains (trigonal planar)

    a) 3 bonding domains, 0 nonbonding domains (3 bonded atoms, no lone pairs) (XY3)

        -molecular geometry = trigonal planar

        -bond angle = 120 o
        BF3


        What is the number of electrons?


        Draw the Lewis dot structure.

        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure? 
( Y  /  N )


    b) 2 bonding domains, 1 nonbonding domain (2 bonded atoms, 1 lone pair) (XY2E)

        -molecular geometry = bent
        -bond angle < 120 o 

        (Note: nonbonding electrons exert a repulsive force towards adjacent bonded atoms.     

        Consequently, the bond angle, which is measured as the angle between the two atoms, is
        slightly compressed.)

        GeF2


        What is the number of electrons?


        Draw the Lewis dot structure.
        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure? 
( Y  /  N )

3. 4 electron domain geometry (tetrahedral)

    a) 4 bonding domains, 0 nonbonding domains (4 bonded atoms, no lone pairs) (XY4)

        -molecular geometry = tetrahedral

        -bond angle = 109.5o
        (Note: a square planar formation is not the preferred orientation.  Tie your balloons into a     

        square planar formation and then bounce it off of a wall or the floor)

        CH4


        What is the number of electrons?


        Draw the Lewis dot structure.
        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure? 
( Y  /  N )
    b) 3 bonding domains, 1 nonbonding domain (3 bonded atoms, 1 lone pair) (XY3E)

        -molecular geometry = trigonal pyramidal

        -bond angle  107 o 
        Note: compressed due to presence of lone pair

        NH3


        What is the number of electrons?


        Draw the Lewis dot structure.
        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure? 
( Y  /  N )


    c) 2 bonding domains, 2 nonbonding domains (2 bonded atoms, 2 lone pairs) (XY2E2)

        molecular geometry = bent

        bond angle  104.5 o 

        Note: the bond angle compressed due to presence of two lone pairs of electrons

        H2O


        What is the number of electrons?


        Draw the Lewis dot structure.
        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure? 
( Y  /  N )
4. 5 electron domain geometry (trigonal bipyramidal)

    a) 5 bonding domains, 0 nonbonding domains (5 bonded atoms, no lone pairs) (XY5)

        -molecular geometry = trigonal bipyramidal

        -bond angles = 90 o (axial positions), 120 o (equatorial positions in trigonal plane)

        AsF5


        What is the number of electrons?


        Draw the Lewis dot structure.
        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure? 
( Y  /  N )
    b) 4 bonding domains, 1 nonbonding domain (4 bonded atoms, 1 lone pair) (XY4E)

        -molecular geometry = see-saw 

        -bond angles < 90 o, <120 o    
        Note: correct place for the lone pair (axial or equatorial) is the location that would minimize
        the number of right angle repulsions between the lone pair and other atoms.

        SF4


        What is the number of electrons?


        Draw the Lewis dot structure.
        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure?
( Y  /  N )

    c) 3 bonding domains, 2 nonbonding domains (3 bonded atoms, 2 lone pairs) (XY3E2)

        -molecular geometry = T-shaped

        -bond angles < 90 o 
        Note: the lone pairs are arranged in order to minimize repulsions between them.

        ClF3


        What is the number of electrons?


        Draw the Lewis dot structure.
        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure? 
( Y  /  N )

    d) 2 bonding domains, 3 nonbonding domains (2 bonded atoms, 3 lone pairs) (XY2E3)

        -molecular geometry = linear
        -bond angle = 180 o
        XeF2


        What is the number of electrons?


        Draw the Lewis dot structure.
        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure? 
( Y  /  N )

5. 6 electron domain geometry (octahedral)

    a) 6 bonding domains, 0 nonbonding domains (6 bonded atoms, 0 lone pairs) (XY6)

        -molecular geometry = octahedral

        -bond angles = 90 o, 180 o
        SF6


        What is the number of electrons?


        Draw the Lewis dot structure.
        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure? 
( Y  /  N )

    b) 5 bonding domains, 1 nonbonding domain (5 bonded atoms, 1 lone pair) (XY5E)

        -molecular geometry = square pyramidal


        -bond angles < 90 o
        BrF5     


        What is the number of electrons?


        Draw the Lewis dot structure.
        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure? 
( Y  /  N )

    c) 4 bonding domains, 2 nonbonding domains (4 bonded atoms, 2 lone pairs) (XY4E2)

        -molecular geometry = square planar

        -bond angles = 90 o
        Note: again position the two lone pairs to minimize repulsions between them

        XeF4


        What is the number of electrons?


        Draw the Lewis dot structure.
        Is there:

        Molecular polarity?  
( Y  /  N )

        Resonance Structure? 
( Y  /  N )

Part 2
Make models from balloons for the following compounds and ions.  Also write the Lewis dot structure, and molecular geometry of the central atom.  For the molecules, also indicate if they are polar or nonpolar.


Lewis dot structure
molecular geometry
polarity (molecules)

1. SO2
2. ClF42+
3. CH2Cl2
4. HCN

5. ICl4-
6. H3O+
7. SF2
8. I3-
9. PBr3  

10. N2H2 (both polar and nonpolar)

For the following examples, determine the geometry, etc., around each carbon atom 




Lewis dot structure
molecular geometry
polarity (molecules)

11. C2H4

12. C2H6
13. CH2CCl2
14. CH3OH

Experiment 8.
Water Purification

Water is Earth’s most precious resource.  Humans drink several liters of fresh water each day.  This is in addition to the water that is used for showering/bathing, washing, toilets, and cooking.  Large amounts of water are also necessary for energy production, as well as for growing the crops that are needed to provide fruits, vegetables and feed for animals.  For example, more than a thousand liters of fresh water are required to produce one kilogram of beef.  Out of all of Earth’s available water, only 0.01% is fresh and suitable for consumption or agriculture; the rest is either seawater or trapped in ice.  Water sources are already threatened, with 10% of the world’s inhabitants living under conditions of water stress or scarcity.  This number is expected to increase to 38% because of increasing population.  Due to these factors there is a strong interest in both conserving and increasing the supply of fresh water.  One method of achieving both of these goals is to clean water that would normally be considered undrinkable such that it could be consumed. In today’ lab you will construct a devise that will allow you to “purify” dirty water such that it might be used for consumption.  It is instructive to consider what makes clean water different from dirty water.  Obviously, muddy or sandy water is not clean, but there can be many other types of contaminants in water that you cannot directly visually identify, including ions, chemicals and bacteria.  With the exception of bacteria, you will have to deal with all of these contaminants in your sample.  

Purification Methods
You will use a variety of methods to purify your water sample.  You should consider the order in which you will perform these steps in your filtration column.

Filtration
Particles with sizes ranging from 0.001 to 1 μm that consist of solids or groups of weakly bound molecules or ions (colloids), must be removed from water through filtration for aesthetic and safety reasons.  These particles exist in natural drinking water due to the carrying of sediments, chemical reaction, and the decomposition and disintegration of plants and animals. Filtration of water is the oldest form of water purification known, as sand was used in ancient times to retain all forms of suspended solids.  You will have different types of materials to choose from for filtering your sample, each varying in the type and size of particle that they trap. 

Precipitation
In addition to filtering the particles that are observable in your water, you must also perform a precipitation reaction to rid your sample of harmful metal ions, such as mercury or lead ions.  Assuming that you have one of these two ions, select a chemical that will allow you to remove it from your water sample. You will want to pick a reagent that is consumable and will not affect other results or interfere with other normally encountered ionic species, such as Ca2+ and Mg2+. Remember in a precipitation reaction, two aqueous solutions of ionic compounds are mixed to result in a new, insoluble product.  Your product should be an insoluble mercury or lead salt that can then be filtered out and removed. 

Chemical adsorption

Neither filtration nor precipitation can rid water from most of the synthetic chemicals dissolved within it.  Water sources are often contaminated with chemicals from industrial waste, pesticides, and pharmaceuticals that will need to be removed before the water is considered safe to use. One of the best methods of achieving this is through the use of activated carbon or charcoal.  Every granule of activated carbon has an immense surface area compared to its volume and is able to adsorb (adhere) to chemicals through van der Waals dispersion forces.
Assessment of the Purification Process
For water to be considered drinkable, it must pass a number of stringent chemical tests.  You will perform some of these same tests on your water sample to determine its purity.

pH

The acidity of a solution is based on the molarity of the hydronium [H3O+] in a solution.  The pH of a solution is a measure of its acidity and is given by the negative log of the hydronium ion concentration.

pH = -log[H3O+]
Scientists use the pH scale instead of the hydronium ion concentration because it is easier to express.  Highly acidic solutions, such as lemon juice, have [H+] values around 110-2 M, or in pH units, 2.  Solutions that have a low hydronium ion concentration have a high hydroxide ion concentration, [OH-], and are basic.  Household ammonia has a pH of 12, a [H3O+] concentration of 110-12 and a [OH-] of 110-2.  The relationship between [H3O+] and [OH-] is that [H3O+][OH-] = 110-14 at 25oC. 

Odor

The human olfactory sense is surprisingly capable of detecting certain chemicals in low concentrations.  The minimum amount of chemical that must be present to be smelled, the “odor threshold”, is 5 ppm for ammonia.  In other words humans are capable of smelling ammonia as long as there are at least 5 ammonia molecules in a sample of 1 million total molecules.  For methyl mercaptan, the chemical added to natural gas such that leaks can be noticed, the odor threshold is 0.002 ppm, or 2 molecules out of a billion.

Conductivity

Substances that dissociate to form ions (or ionize) in solution are known as electrolytes.  Different substances dissolve in water to different extents, and substances that dissolve almost completely as ions are called strong electrolytes.  For example, NaCl is a strong electrolyte because it readily dissociates into Na+ ions and Cl- ions, whereas a substance like sucrose, C12H22O11, may dissolve, but not as an ion.  Strong electrolytes have the capability of allowing electric current to pass through a solution.  Although drinking water does, and should, contain ions, it may be harmful to have too many ions.   Use the conductivity meter to assess how your ion concentrations change as you run your samples.

MATERIAL (3 to 4 participants per group)

· 1 water filtering system structure

· Cheesecloth

· Rubber bands





· 3 filtration materials (aquarium gravel, sand, activated carbon, marbles, cotton balls, coffee filters, marbles, styrofoam) 

· pH paper

· 1 metric ruler

· 1 stirring rod

· 3 clear plastic cups with a hole punched below rim 

· 3 paper plates

· 1 graduated cylinder (shared)

· 500 mL of clean water

· 500 mL of gray water 

Procedure
1. Place the 2-L bottle upside down with its mouth over the clear plastic cup to catch the filtered water. 
2. Choose three materials to layer in your water filter, and as a group, decide the order in which to layer your materials. 
3. Use the ruler to measure 5-8 cm from the screw top opening of the bottle.  This will indicate how much filtering material to place into the container.  Continue using the ruler to measure the 5-8 cm depth of each layering material.
4. Fill the bottle with the first filtering material to a depth of 5-8 cm. 

(Pack down coffee filters and cotton balls if you use these materials.)
5.  Place the second filtering material to a depth of 5-8 cm on top of the first one. 
6. Place the third filtering material to a depth of 5-8 cm on top of the second material. 
7. Obtain 350 mL of clean water.  Observe the properties before you filter it.  Collect and record data. 

a. Use the wafting technique to smell the water.

b. Use your stirring rod to obtain a drop of water, and test its pH using the pH paper and the accompanying color chart.

c. Use the conductivity meter to determine if the water conducts electricity. 
8.  Run clean water through your water filtering system. 
9. Draw and label your diagram to match your filtration system. 
10. Once the clean water has gone through the water filtering system, test the water again as above. When finished, dispose of the water in the sink unless it is sandy. In this case, separate the sand from the water, dumping the water down the sink and depositing the sand in the appropriate container. 
11. Obtain 350 mL of gray water.  Observe the properties before you filter it.  Collect and record data. 

a. Use the wafting technique to smell the water.

b. Use your stirring rod to obtain a drop of water, and test its pH using the pH paper and the accompanying color chart.

c. Use the conductivity meter to determine if the water conducts electricity. 
12. The gray water contains a metal ion that you need to remove using a precipitation reaction.  You should decide when in the next series of steps that this precipitation will take place.  Your only requirement is that the metal ions are eliminated from the final filtered solution.

13.  Pour the gray water into the water filtering system.  Observe the properties of the water after it has been filtered.  Collect and record data. 

a. Use the wafting technique to smell the water.

b. Use your stirring rod to obtain a drop of water, and test its pH using the pH paper and the accompanying color chart.

c. Use the conductivity meter to determine if the water conducts electricity. 
14. Replace the clear plastic cup with a new one.  Pour the collected filtered water back into the filtering system.  
15. While the gray water is running through the water filtering system, discuss in your group how each layer in your filtration system affected the gray water. 
16. Observe the properties of the water after it has been filtered for the second time.  Collect and record the data. 

a. Use the wafting technique to smell the water.

b. Use your stirring rod to obtain a drop of water, and test its pH using the pH paper and the accompanying color chart.

c. Use the conductivity meter to determine if the water conducts electricity. 

PRE-LAB QUESTIONS
1. The hydronium ion concentration of solution A is twice that of solution B which has a pH of 2.4.  What is the pH of solution A?

2. The odor threshold for vinyl chloride is 3 parts per thousand.  Out of a million molecules, how many vinyl chloride molecules would be necessary to smell this gas?

3. Which of the following substances are not strong electrolytes?  For the ones that are not, explain why.

      HCl
      NaBr
      HF
      NaC2H3O2
      C6H6
DATA AND RESUTLS
	
	            Clean Water
	Gray Water

	Properties
	Before
	After
	Before
	After 1st
	After 2nd

	Odor
	
	
	
	
	

	Appearance
	
	
	
	
	

	         pH
	
	
	
	
	

	Conductivity

	
	
	
	
	








QUESTIONS
1. What happened to the water as it passed through the different layers of the filter?  What changes occurred to the properties of the gray water as it was filtered?

2. Compare your filtered water to the clean water. Did your gray water become “clean?”  What properties told you it was or was not “clean?”

3. If you could build a water filtering system by using any of the materials available in class, which three materials would you use and in what order would you layer them? Why?

Layer 1





Layer 2





Layer 3








