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SCIENCE 101    LABORATORY #2



Molecular Size
Prelab Questions


Carefully read the laboratory handout before coming to lab, and answer the following questions.  Please circle your lab time in the upper right hand corner of this sheet, then put this sheet in the box on the instructor’s table at the front of the lab room when you enter.

Q1) How many milliliters (ml) are there in 5.2 cubic centimeters (cm3)?

________________________________________________________________

Q2) What equation gives the relationship between the cross-sectional area (A), the volume (V), and the length (L) of a cylinder?                      

________________________________________________________________

Q3) If the area of a monolayer of marbles (not BB’s) is 23.6 cm2 and the total volume of the marbles is 35.4 ml, what is the approximate diameter of a single marble?                            

________________________________________________________________

Q4) What is the shape of an oleic acid molecule according to your lab write-up?

________________________________________________________________

Q5) If the diameter of a human hair is 0.00624 cm and the diameter of a typical atom is 2.40x10-8 cm, how many atoms laid end-to-end would it take to make a length equal to the hair diameter?

________________________________________________________________

Q6) If I wished to make a dilute solution of oleic acid in alcohol containing 0.5% acid, how much acid should I add to a volume of alcohol equal to 20 ml?  

_______________________________________________________________

Q7) One centimeter (cm) is how many Angstroms (Å)?

_______________________________________________________________
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SCIENCE 101    LABORATORY #2



Molecular Size
Introduction

Atoms are incredibly small.  If you placed a single row of atoms in a straight line so they were touching each other, it would take about one quarter of a million of them to equal the thickness of a typical human hair.  You are composed of about 5x1027 atoms, a number so large as to almost defy conception.  You might think that it would be impossible to measure the dimensions of an atom or molecule using simple lab equipment, but it isn’t!  In this lab you will exploit a neat property of molecules of oleic acid that will make it possible for you to measure the length of the molecule.  

Precautions and Hazards


The methyl alcohol you will be using in this lab is a poison and must not be ingested.  It is flammable so it must be kept away from all ignition sources.  As with all chemicals, the oleic acid and alcohol should be contained and not spilled on skin or clothing. Protect your eyes with goggles and your hands with gloves.  OLEIC ACID WILL STAIN certain types of clothing.


In part of the lab you will spread chalk dust on the surface of water.  Do not breath in the chalk dust.  Be careful not to spill the oleic acid, the oleic acid and water mixture, or the BB’s on the floor since it will become extremely slippery and potentially dangerous.  If any spills occur, immediately clean them up with paper towels and discard the used towels in the wastebasket.


The pipettes used to measure out the oleic acid have a small piece of cotton at the top of the glass tube.  The purpose of the cotton is to keep liquid (often human blood) from escaping from the end of the glass tube.  If you suck too much oleic acid into the pipette so that some reaches the cotton, the pipette will become useless and will have to be thrown away!  

A Note About Units

A meter is equal to 100 centimeters (100 cm).  Indeed the prefix centi- means 1/100.  A cube that is 1 cm on each side has a volume of 1 cubic centimeter (1 cm3).  A volume of 1000 cm3 is called a liter (l) and is about the volume of one quart  (1 quart = 0.946 liter).  One thousandth of a liter is called a milliliter (ml).  Therefore 1 cm3 and 1 ml are the same thing.  We will use these units interchangeably during this lab.  
Technique


Since molecules are so small, we will not be able to measure them in any conventional way with a ruler.  Instead we will have to use a technique that will work even though we cannot see or touch an individual molecule.  A wonderful technique has been developed which makes use of the following trick:  if the molecules can be arranged in a monolayer (an ordered layer only one molecule thick with no empty space between adjacent molecules), and if the surface area of the layer and the total volume of the molecules making up the layer can be measured, then the thickness of the monolayer can be calculated from the formula:


Monolayer Thickness = Volume/Surface Area of Layer.
(1)

This formula can be derived from the widely known relationship between the volume, cross-sectional area, and thickness of a cylinder (volume = area x thickness).

Oleic acid molecules have the property that they will form a monolayer if placed on the surface of water!  So the experiment involves measuring out a very small volume of oleic acid molecules, then gently dropping the molecules onto the surface of a pool of still water and measuring the area of the monolayer surface.  From other experiments it is known that the shape of an oleic acid molecule is approximately cylindrical, and the length of the cylinder is much larger than the diameter.  It turns out that the molecules in the monolayer arrange themselves so that the cylinders are all standing straight up.  Thus, our measurement of the monolayer thickness is really a measurement of the length of the oleic acid molecule.

(Note:  Oleic acid acts in some ways like an oil.  To prevent oil from our hands from interfering with the experiment, try to avoid touching with ungloved hands anything that will eventually come in contact with the oleic acid:  the inside of the large plastic tray, the graduated cylinders, beakers etc.)


To make the lab possible using only inexpensive lab equipment, two more experimental tricks are needed.  If we wish to have a monolayer surface area that is small enough to fit comfortably on a laboratory table, the volume of oleic acid molecules will have to be very small indeed!  The volume of molecules contained in one drop from a dropper is about two hundred times larger than needed.  However, if the oleic acid is diluted in methyl alcohol, when the oleic acid/alcohol mixture hits the water, the alcohol will dissolve into the water leaving the oleic acid behind on the surface.  Thus, a mixture that is about 200 parts alcohol to 1 part oleic acid will be needed.


The surface area of the monolayer can be measured by sprinkling a fine powder (chalk dust) uniformly on the surface of the water before dropping the drop of oleic acid/alcohol mixture on the water.  As the oleic acid spreads out into a monolayer, it will push the fine chalk dust outwards keeping it from penetrating the monolayer.  So the monolayer can be detected as that part of the water that is free from chalk dust.  

Part 1.  A Practice Experiment Using BB’s Instead of Molecules

To develop the procedure for measuring the size of molecules, we will first do a preliminary investigation to determine the size of some copper BB’s.  
Procedure
1.1.
Take the plastic circular (petri) dish a few inches in diameter and pour enough BB’s into it to cover the bottom with one layer of BB's.  Don't worry about any imperfections or small holes in the BB pattern.  Measure the diameter of the BB monolayer by placing a ruler on top of the plastic dish.  Measure the diameter at 4 or 5 equal separations around the circle, and record your results here:  (You may find that you almost always get exactly the same value for the diameter no matter where on the dish you measure it.  That’s fine, if you measure the same value record it anyway.  Later, when you get to the oleic acid part of the lab, the circle won’t be so perfect, and you will measure different values for the diameter.)

Diameter of BB monolayer  (units = cm):

__________     __________     __________     __________     __________

Average these diameters and record your result here (use 3 significant figures for the average):

1.1.a    Average diameter of BB monolayer:                       cm   

Calculate the surface area (A) of the circular BB monolayer using Eq. 2, 



A =  r2 = d2)/4
(2)

 = 3.1415926

where r is the radius and d is the diameter, and record your result here:

1.1.b    Surface area of BB monolayer:                       cm2   

(Note:  your calculator may give you 8 or more digits for the answer.  Clearly only the first two digits (or perhaps 3 depending on how accurately you measured the BB monolayer diameter) have any physical significance.  All the remaining digits have no meaning... they tell us nothing about the true diameter of the BB monolayer.  It is confusing, misleading, and a waste of time to write down digits that have no meaning (digits that aren’t significant).  Only write significant digits for all values you measure or calculate in this lab.)

1.2.
Using a 50 ml graduated cylinder and a large funnel, carefully pour the BB's from the plastic dish into the graduated cylinder.  Read the volume occupied by the BB’s in the graduated cylinder and record it here:

1.2.a    Volume of BB monolayer:                   ml  

1.3.  
Using your measured volume and surface area of the BB monolayer and Equation 1, calculate the thickness of the BB monolayer and record it here:

1.3.a    Thickness of BB monolayer:                   cm
Since the result is less than 1 cm (at least it should be!), it is more appropriate to give the answer in mm (10 mm = 1 cm).  Convert your answer to mm and record it here:  

1.3.b    Thickness of BB monolayer:                   mm 

1.4.
Check your result by holding a BB against the mm divisions of your ruler.  Record the approximate diameter of the BB you measure with your ruler here:

1.4.a    Approximate diameter of BB measured with ruler:                    mm   

Q1.4.1)  Do your two measurements of the BB diameter agree?  ____________

Ask your instructor to measure the diameter of a BB with a more accurate instrument called a micrometer, and record the micrometer result here:  

1.4.b    Diameter of BB measured with a micrometer:                   mm 

Q1.4.2)  Is your monolayer measurement of the BB diameter in acceptable agreement with the micrometer measurement?   ____________              

If not, find out why they don’t agree, and correct any errors.  If you can’t discover the reason, ask the instructor for help before continuing the lab.

Q1.4.3) Does your monolayer measurement of the BB diameter agree exactly with the micrometer measurement?  _________________________               

Q1.4.4)  It would be very surprising if the monolayer measurement of the BB diameter agreed exactly with the micrometer measurement.  Why?                  

___________________________________________________________________

___________________________________________________________________

1.5  Clean up the BB's by returning them to the container that they were originally in.                                                                                                                          

Part 2.  Measuring the Size of Oleic Acid Molecules

We are now going to measure the size of Oleic Acid molecules.  Since we are using chemicals, we need to put on safety goggles and gloves.  Be sure to adjust the straps of the goggles so that they are comfortable and neither too tight nor too loose.  Find the glove size that fits you (small, medium, or large) on the instructor's desk.  

Procedure
2.1.  Prepare the dilute solution of Oleic acid in methyl alcohol


We want to dilute the Oleic acid to a 0.5%, i.e. 5 parts in 1000 or 5:1000.  To do this we will add 0.50 ml of Oleic acid to 100 ml of methyl alcohol.  The 0.50 ml of acid will be dispensed from a calibrated pipette, and the 100 ml of alcohol will be measured in a 100 ml graduated cylinder.  The pipette is the long glass cylinder with the red rubber bulb attached to one end.

a)  Fill a 100 ml graduated cylinder with methyl alcohol.  You measure volumes with a graduated cylinder by letting the bottom of the center of the liquid surface reach the graduation line.  

b)  Carefully draw some Oleic acid into the cylinder of the pipette using the rubber bulb.  [Remember that the pipette will be ruined if you suck oleic acid into the cotton at the upper end of the glass tube.]  Be careful to hold the bottom of the pipette always below the surface of the acid so that no bubbles are sucked into the pipette.  (Note that the spacing between numbered gradations on the pipette is equal to 0.l0 ml.  The fine subdivisions are 0.01 ml each.)  Although you will only release 0.5 ml of acid into the alcohol, draw in about 0.6 to 0.7 ml.  

c)  Using the graduations on the pipette, carefully release 0.5 ml of oleic acid into the graduated cylinder filled with the methyl alcohol.  Release the remaining oleic acid in the pipette into the drain of a nearby sink.  

d)  Stir the mixture with the glass stirring rod many times to mix the chemicals.  

Now you have a great quantity (100.5 ml) of a dilute oleic acid/alcohol mixture.  You will only use a small amount of this in the experiment!

2.2  Volume of oleic acid mixture in one drop from a dropper

We will select a small volume of the oleic acid mixture by using a dropper.  (The dropper is the little glass cylinder with the black rubber top.)  We will need to determine the volume of a drop of mixture released by the dropper.  To do this, we see how many drops it takes to make exactly 1 ml of mixture, and then we will divide 1 ml by the number of drops to determine the volume of 1 drop.

a) Take the 10 ml graduated cylinder and carefully count how many drops from the dropper it takes to fill it to 1 ml.  You may want to practice making a few drops before you start to fill the cylinder.  Remember, you measure volumes with a graduated cylinder by letting the bottom of the center of the liquid surface reach the graduation line.  Record the number of drops here:

2.2.a    Number of drops to make 1 ml: __________ 

b)  Divide 1 ml by the number of drops to determine the volume of 1 drop, and record your result here:

2.2.b    Volume of one drop of oleic acid/alcohol mixture:  _____________  ml
c)  The volume of oleic acid in the mixture is only 0.50% of the mixture volume.  So multiply the volume of one drop by 0.005 to obtain the volume of oleic acid inside one drop, and record your result here:

2.2.c    Volume of oleic acid in 1 drop of oleic acid/alcohol mixture:  _____________ ml
2.3  Surface area of an oleic acid monolayer

Now you are ready to prepare the water layer and spread fine chalk dust over it.  Before you begin, however, it is important to realize that the chalk particles are typically hundreds or thousands of times larger than the thickness of the oleic acid monolayer.   If your body were the size of the oleic acid molecules, the chalk particles would appear to be mountains floating on the liquid surface.  You need to take care to make small chalk particles, to not put too many on the liquid surface, and not to clump many particles together.  Most students who obtain poor results for this lab make the mistake of using too much chalk dust on the surface of the water.  


Follow the procedure below, and when you are finished you will be ready to make the monolayer of oleic acid and measure its surface area.

1)  Your tray needs to be very clean in order to get good results.  Before doing anything, thoroughly clean the tray with alcohol and paper towels.  After cleaning, be very careful to keep the tray clean.  Don't put anything in it other than what the instructions say, and don’t touch the inside surface of the tray with ungloved hands.

2)  Take the large 1 liter plastic beaker and get enough water from the faucet beside your table to fill the tray to about 1/2 inch (1 to 1.3 cm) depth.  Only use the faucet without the pointed end since the water squirts out too fast from the faucet with the narrow pointed opening.  Make sure nothing is between your tray and the lab table so that it will be approximately level.

3)  Hold the small chalk and sandpaper about a foot above the water and gently sand off some of the chalk so as to lightly cover the water surface.  The goal is to end up with the water surface looking like it is covered in a very fine layer of very fine dust.  Use only enough chalk so that you can just see the chalk on the water surface.  Too much chalk will prevent the oleic acid from spreading into a monolayer.   If the chalk clumps together on the water surface, you have used too much chalk.  If you can clearly see individual chalk particles on the surface, the chalk particles are too large.  Also, be careful not to breathe the chalk dust. 


If you are not satisfied with the chalk layer, empty the water from the tray, clean off the chalk dust with a sponge or paper towel, and try again.  

4)  To verify that pure alcohol will not interfere with the measurement, ask the instructor to come to the table and release one drop of pure alcohol into the tray.  In a few seconds the spreading alcohol should have dissolved in the water and the chalk dust will come back together to once again cover the surface.   

5)  You can now drop a single drop of oleic acid/alcohol mixture into the center of the tray.  Remember to release the drop at a height of about 1 cm above the liquid surface. 

6)  After the ‘circle’ of oleic acid stops shrinking, measure its diameter at about 5 points spaced uniformly around the edge, and record your values here: 

Diameter of monolayer of oleic acid (units = cm)

__________     __________     __________     __________     __________

7)  Put another drop of the mixture into the center of the oleic acid film.  You have roughly doubled the volume of the oleic acid film.  Since the thickness should be fixed at one molecule thickness, the area should have also doubled.  A circle with twice the area has about 1.4 times the diameter of the smaller circle.  If you know why this is so explain the reason here:  (Ignore this question if you think you don’t know the reason)                                            

 ___________________________________________________________________

 ___________________________________________________________________                                                                                              

Q2.3.1)   Has the area of your circle about doubled? __________________________                   
8)  Average the 5 diameters measured above (step 6), and record your result here (use 3 significant figures for the average):

2.3.a   Average diameter of oleic acid monolayer:   ______________ cm  

8)  Calculate the area of the circle using Eq. 2, and record your result here: 

2.3.b   Surface area of oleic acid monolayer:  ______________ cm2  

9)
Using your volume of oleic acid in your drop (2.2.c on page 6), the measured surface area of the monolayer (2.3.b), and Equation 1, calculate the thickness of the oleic acid monolayer and record it here:


2.3.c   Thickness of oleic acid monolayer:                             cm.  

If you haven’t already done so, write your answer for the thickness of the oleic acid monolayer in scientific notation.  Remember to keep only the appropriate number of significant figures:

2.3.d   Thickness of oleic acid monolayer:                               cm.   (scientific notation)

2.4  The Angstrom Unit of Length

Although atoms don’t have well defined edges, we can talk about their sizes.  For example, the size can be taken to be equal to the spacing between adjacent atoms in a crystal.  The atoms of the various elements vary in size by about a factor of four.  The size of the smallest atom, hydrogen, is about 1x10-8 cm.  The unit of length called the Angstrom is defined to be 1x10-8 cm, and is the convenient length unit to use when dealing with atoms or molecules.  It is named in honor of Anders Jons Angstrom (1814-1874), a Swedish physicist whom made important contributions to the study of the wavelengths (colors) of light emitted by various atoms.  

Q2.4.1)   What is the length of your oleic acid molecule in units of Angstroms?

Length of oleic acid molecule: _____________ Å.

If your measurement is more than 200 Angstroms or less than 10 Angstroms, you have made a significant error.  If so, check your work and see if you can find your error.  If you can’t, ask an instructor for help.

Final Step:  Clean up your lab table!

Please clean up your lab table before you leave.  There are at least two methods to empty all the water from your tray:  either place a large bucket right near your lab table and pour the water into the bucket or else sponge it dry by moping the water up with a sponge.  Remember to use gloves to avoid contaminating the tray surface with oil from your hands.  Dry the tray with a clean paper towel after removing any chalk dust that remains.  Rinse out the 100 ml and 10 ml graduated cylinders that contained the oleic acid/alcohol mixture.  Throw away your droppers, and soak up with paper towels any water that may have spilled on the table.  Neatly arrange the equipment on your lab table so that it will be ready for the next group of budding scientists!

