Chemistry S332

Density “Station Lab”

Mrs. DiPrima

DENSITY (Adapted from:  Hands-on Chemistry Activities with Real-Life Applications)

I. DENSITY OF SOLIDS

Concepts to Investigate:  Density, relative density, nondestructive testing.

Materials:  Station A:  Pre-1982 pennies, post 1982 pennies, graduated cylinder; balance. 

Introduction:  Why do some things float, and some things sink?  When asked this question, may people suggest that things “lighter” than water float, while things “heavier” than water sink.  If this is the case why do logs float, while pebbles sink?  Surely logs are much “heavier” than the pebbles, and yet they float while pebbles sink!  Clearly, it is not the mass or weight of an object that determines if it will sink or float.

The buoyancy of an object (its capacity to remain afloat) is not dependent upon its mass, but rather upon its density (mass to volume ratio).  If an object has a density greater than water (more mass in the same volume), it will sink, and if it has a lower density than water(less mass in the same volume), it will float.  Stated in another way, if the weight of water displaced by an object is less than the weight of the object, then object will sink.  If the weight of water displaced is equal to the weight of the object, the object will float.  The density of an object can be determined by dividing its mass by its volume.

Station A:  Non-destructive testing:  Hiero II, king of Syracuse (a region of Greece) during the 3rd century BC, commissioned the production of a gold crown, but them suspected that the goldsmith may have defrauded him by substituting a less precious metal in the interior of the crown.  Hiero II then commissioned a man by the name of Archimedes to determine if the crown was made of pure gold, but demanded that he not damage or disassemble the crown.  In other words, Archimedes had to answer the king’s question by developing a non-destructive test for composition.

According to tradition, Archimedes is said to have placed a block of pure gold equal to the mass of the crown in a container and filled it to the brim with water.  He then removed the gold and placed the crown in the container and noticed that water overflowed.  He concluded that the goldsmith had cheated the king because the crown had the same mass as the gold object, but it had larger volume and caused the water to overflow.  Archimedes showed that the goldsmith had partially substituted a metal other than gold when fashioning the crown because its density (mass/volume ratio) was less than gold!

Originally, American pennies were made of 95% copper and 5% zinc.  In the late 1970s the price of copper rose so dramatically that Congress feared the copper content in pennies would be more valuable than one cent and that people would hoard the copper coins and melt them down and sell the copper.  Consequently, a bill was proposed in Congress to reduce the copper content of pennies.  In this activity, you will use the same basic principle Archimedes used to determine if Congress passed the bill and put it into effect.

 Procedure:

 (1)  Collect approximately 50 pre-1982 U.S. pennies and 50 post-1982 pennies (do not use 1982 pennies).      

(2)  Determine the mass of both sets of pennies. 

(3) Determine the volume of each group by the method of water displacement. (Be careful – when adding the pennies.)

Calculations/Questions:

(1)  Calculate the density of the pre-1982 and post-1982 pennies by dividing their mass by their volume.

(2)  According to your data, does it appear as though the U.S. mint changed the composition of pennies in                                  1982?  Explain your reasoning.

II.    DENSITY OF LIQUIDS

Concepts to Investigate:  Density gradient.

Station B:  Food coloring, flask, overhead transparency or note card.

[image: image1.png]



Procedure:  The effect of temperature on density:  

(1) Place 2 or 3 drops of blue food coloring in each of two identical Erlenmeyer flasks.  

(2) Fill the flasks to overflowing with cool tap water, mixing to distribute the food coloring evenly throughout.  

(3) Repeat the procedure with two flasks of warm tap water, but this time add red food coloring.  

(4) Place a plastic square cut from an overhead transparency on top of one of the warm flasks and carefully invert the flask and place it on top of a cool flask (Figure W).  Carefully remove the sheet and watch for mixing.  

(5) Repeat the procedure, but place the remaining cool flask on top of the warm one.  

Questions:  

(1) Which fluid has a greater density, the warm water or the cool water?  

(2)  You probably noticed the development of a purple color in the flasks.  What is the temperature of the  purple water relative to the red and blue?  

(3) If you have ever gone diving in a lake or ocean, you may have noticed the temperature drop dramatically as you go down only 1 or 2 meters.  Explain. 

(4)  Plankton are small or microscopic organisms that float or drift near the surface of ocean or lake waters.  They are the base of the aquatic food chain, and therefore extremely important to all other aquatic life.  Plankton depend upon nutrients, which typically are denser than water and sink.  If water is undisturbed, it is possible for so many nutrients to sink to the bottom that plankton can no longer live, and thus no other aquatic life as well.  fortunately, changes in temperature can cause a mixing of water that brings nutrients back up to the surface.  Explain what happens as air temperatures cool down at night.

III.
     DENSITY OF SOLUTIONS

Concepts to Investigate:  Density, concentration.

Materials:  Station C:  Green and ripe tomatoes; Station D:  cans of diet and regular soft drinks.

Introduction:  Many of us enjoy maple syrup on our pancakes, French toast or waffles.  This syrup comes from the sap of maple trees in the Northeastern United States and Southeastern Canada.  Native Americans learned how to collect the sweet sap of the sugar maple by cutting the bark and then collecting the sap that drains out of the wound in the late winter and early spring.  Early colonists in these regions learned how to make syrup and sugar from this sap by boiling off the water.  Millions of liters of maple syrup are produced in this manner each year and sold throughout the world.  Maple tree farmers sell the sap to refiners, who measure the sugar content of the sap on the basis of density.  The denser the sap, the greater the sugar content and the more syrup or sugar can be made.  This principle is true for other solutions as well:  the more dissolved solutes, the denser the solution.  You will use this principle to investigate the quantity of dissolved solutes in fruits and soft drinks.

Station C:  Separating ripe from green tomatoes:  Approximately 75% of the entire American tomato crop is processed into juice, canned tomatoes, sauces, pastes, and catsup.  Before tomatoes can be processed, the green tomatoes must be removed so only the ripe ones will remain for processing.  The ripeness of a tomato can be determined not only by color, but also by density.  When tomatoes are placed in water, they either float or sink depending upon their ripeness.  Which are denser, green or ripe tomatoes?  

Procedure:

(1) Place ripe and green tomatoes in a container filled with water and determine which are more dense.

(2) If cherry tomatoes are available, use a graduated cylinder and find the actual density of each type of tomato.

Questions:  
(1) Which have greater density, ripe tomatoes or green tomatoes?  Which has more dissolved solutes?  

(2) Most tomatoes are separated by machine rather than by hand.  How would you design a machine to separate green from ripe tomatoes?  Draw a simple design for a machine that can be used to separate green tomatoes from ripe one.

      Station D:  Diet vs. regular soft drinks:  Do you get “more” for your money when purchasing regular soft drinks or diet soft drinks?  Examine the labels of regular and diet varieties of the same soft drink.  In most situations they have exactly the same volume (e.g., 355 mL), but not the same mass.  

Procedures:  

(1) Place cans of diet and regular soft drink (of the same brand) in an aquarium or large pail of water and observe what happens. 

Questions 

(1)   What is the density of the regular soft drinks and the diet soft drinks?  Show the calculations and actual   densities for each type of soft drink.

(2)   Which have greater density, regular or diet soft drinks?  Which has more dissolved solutes? 

(3)   Examine the “nutrition facts” label on the side of the regular and diet soft drink cans.  What dissolved solutes do they list?  Which is the main solute that contributes to the difference in density between the two drinks?  

 Data / Calculations:   

(1)  Calculate the densities of the regular and diet drinks by determining the mass of the fluid (the difference in mass between a full and empty can) and dividing by the volume (printed on the side of the can).  Which has greater density?  

IV.
   DENSITY OF SOLUTIONS:  THE MYSTERY OF THE STRAIT OF GIBRALTAR

Concepts to Investigate:  Density, salinity, concentration, currents.

Materials:  Station E:   salt, food coloring, Erlenmeyer flask, overhead transparency.

Introduction:  The Mediterranean Sea (Figure AA) is a great expanse of water that stretches from the Atlantic Ocean on the west, to Asia on the east, and separates the African and European continents.  Its name means “sea between land” (med- means middle: e.g., median, terra- land; e.g., terrestrial).  Historians have referred to this sea as the “incubator of Western Civilization” because the major civilizations of ancient Egypt, Israel, Phoenicia, Greece, and Rome has their beginnings on the shores of this sea.  Prior to the development of the Suez Canal in 1869, the only link between the Mediterranean and the oceans of the world was through the Strait of Gibraltar, a 13 km (8 mi) wide strip of water connecting the western Mediterranean with the Atlantic Ocean.
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When the Phoenician explorers and traders first sailed through the strait in approximately 800 BC, they noticed a very strong current coming into the Mediterranean from the Atlantic.  As later sea-faring people traveled through the Strait of Gibraltar, they also noticed a very strong current, approaching two meters per second in certain areas.  As cartographers developed accurate maps of the Mediterranean, it became apparent that it was not connected to the ocean through any other points except the Strait of Gibraltar.  This raised a very perplexing question:  how can the water continually flow one way into the Mediterranean?  Some people hypothesized that there was a major underwater “drain,” and others hypothesized that the cartographers had simply not found another strait similar to Gibraltar where the water flowed out of the Mediterranean and into the ocean.  What do you think?  Try this activity and then generate your own hypothesis.

Procedure: Station E:  Salt water vs. fresh water:   
(1) Dissolve a couple of tablespoons of salt into a Erlenmeyer flask or similar container.  

(2) Put a drop of food coloring into the salt water to distinguish it from fresh water.  

(3) Fill another container with fresh water and cover the top with a note card or a small square of plastic cut from an overhead transparency.  

(4) Carefully invert the fresh water on top of the salt water and remove the card or square.  

(5) Observe the containers for two minutes.  Is there much mixing between the fresh and salt water?  

(6) Repeat the process placing the container with the salt water on top of the fresh water. 

Questions 

(1) On the basis of these observations, which appears to have a higher density, fresh water or salt water?  Explain.  

(2) An estuary is the region in which the water from a river mixes with the tidal waters of the ocean.  Estuaries are very rich ecosystems, supporting a wide variety of plant and animal life.  Would you expect halophytic (“salt-loving”) organisms to live closer to the surface or bottom of the water?  Explain.  

(3) Oil drillers often flood oil wells with salt water to increase production.  Why?

(4) On the basis of your observations, can you explain why sailors must always contend with a strong inflowing current at the Strait of Gibraltar?  (This is a bit challenging so here is a hint:  Due to evaporation the Mediterranean is saltier than the Atlantic.

V.   DENSITY OF GASES

Concepts to Investigate:  Density, density of gases.

Materials:  Station F:   2000 mL beaker, bubble solution, bubble wand or wire ring, baking soda, vinegar.

The mystery of Lake Nyos:  Lake Nyos in Cameroon, West Africa (Figure FF), sits in the crater of an ancient volcano, much the same as Crater Lake in Oregon.  In August of 1986, large bubbles of a colorless, odorless gas started bursting from the surface of the lake, and within a short time more than 1700 people living on the shore of the lake died.  Scientists determined that the gas coming from the lake was simply carbon dioxide, a naturally occurring gas that normally constitutes only 0.03% of the atmosphere.  Carbon dioxide is essential for life on Earth, as it is the gas that plants use in photosynthesis.  Unfortunately, when carbon dioxide concentrations are too high, the oxygen needed for respiration is displaced and suffocation may occur.  How did the carbon dioxide at Lake Nyos build up to fatal levels?  Why didn’t it simply rise out of the crater and leave the people unharmed?  Let’s investigate the density of CO2.
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Station F:  Floating bubbles on carbon dioxide: Is carbon dioxide more or less dense than air?   If carbon dioxide is indeed denser than air, then it should be possible to hold it in an open beaker just as water can be held.  Mixing baking soda and vinegar will generate CO2.   Pour some of vinegar on approximately 2 heaping teaspoons of baking soda that is resting on the bottom of a 2000 mL beaker.  After the bubbling has stopped, use a child’s bubble wand to blow bubbles over the container so that they gradually fall into it.  Your partner may need to help you “catch” the bubbles.  Do not blow into the container as this will disturb the carbon dioxide present.  If the carbon dioxide is denser than air, then the air bubbles should float upon the invisible layer of carbon dioxide just at wood floats on water (Figure JJ).  
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Questions:  

(1) We breathe carbon dioxide with every breath we take, and we get carbon dioxide in every carbonated soft drink, so why did the people at Lake Nyos die when the carbon dioxide was released from the lake? 

(2) “Dry ice” is the common name for solid carbon dioxide.  It sublimes (goes directly from solid to gas) at room temperature, and you may see condensation trails descending off the block.  Dry ice is frequently used for special effects in stage shows.  Knowing that humans cannot breathe air containing 10% or more carbon dioxide, what special precautions should be made when using dry ice?  

(3) Would fire extinguishers that produce carbon dioxide gas be more effective in fighting ground fires or ceiling fires?  Explain. 

VI.     Problem solving with Density.


Materials:  Station G:  ruler, 2 pieces of aluminum foil (each piece being a different brand).

       Introduction:  Sometimes density can be used to calculate quantities that we are unable to measure directly.  At this station you will determine the thickness of each of 2 different brands of aluminum foil.

 Procedure:   You decide!  You will need to look up the density of aluminum in your textbook.

Calculations/Questions

(1) Show all measurements that you make in table form.

(2) Calculate the thickness of each brand.  Write down any formulas you use as well as showing all calculations.

(3) Which brand is thicker?  Do these results match your “predictions” before beginning this portion of the lab?
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