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Indirect Measurement:  Concentrate on Your Sugar

Pennsylvania Science Standards:  

3.1.10D:  Apply scale as a way of relating concepts and ideas to one another

3.2.10B:  Apply process knowledge to make and interpret observations

3.2.10C:  Apply elements of scientific inquiry to solve problems

3.4.10A:  Explain concepts about the structure and properties of matter

3.7.10B:  Apply appropriate instruments and apparatus

Pennsylvania Math Standards:

2.2.11C:  Construct and apply mathematical models

2.3.11A:  Select and use appropriate units and tools with a degree of accuracy

2.2.11E:  Recognize that precision depends on the instruments used to generate measurements.

Introduction:

Soft drinks are mixtures high in sugar content.  The amount of solute (sugar) dissolved in a solvent (water) determines the concentration of a sugar solution.  Constructing a calibration graph using known concentrations of sugar versus the density or refractive value at each concentration can help determine an unknown concentration of sugar in a solution indirectly.  The hydrometer and the refractometer are devices used to measure the intrinsic properties of density and refraction respectively in this experiment.

Guiding Questions:

· What is density?

· Does density for a particular substance change if the mass of the substance changes?

· What is specific gravity?  How is it related to density?

· Does density of a substance change with temperature?  How can this be verified?

· What is refraction?  How is it related to concentration of a substance?

Materials:

6 bottles or cans of carbonated beverages, 7-100 mL graduated cylinders, 12-250 mL beakers, 12-sheets of graph paper, 6-hydrometers, 1000 mL each of different concentrations of sugar solution (5%, 10%, 15%, 20%, 25%), deionized water, plastic pipettes marked with the different concentrations, 6 refractometers, 6 boxes of Kim Wipes®.

Safety:  

Wear goggles and clean up spills with paper towels.

Do not drink or taste the beverages or the sugar solutions.

Procedure:

Part I

· Open a can or bottle of carbonated beverage and pour it back and forth between two containers (beaker and a graduated cylinder) to remove the carbon dioxide.  Set this aside.

· Measure out 100 mL of deionized water.  Check the specific gravity of 100 mL of deionized water with the hydrometer by placing the hydrometer in the water.  The reading should be 1.00.

· Because a hydrometer reads relative density, the ratio of the density of the liquid to the density of water, it has no unit.  The density of water is 1.00 g/mL.  This reading will also represent the reading for 0% sugar concentration.

· Using a graduated cylinder, measure out 100 mL of 5% sugar solution and measure its specific gravity using the hydrometer.

· Note if the hydrometer floats higher or lower in the liquid than in the water.

· Repeat the last step with the other sugar solutions and record the corresponding density values on the group data table for part I.

· Draw a graph of density (y-axis) vs. % concentration of sugar (x-axis).  Connect the points to make a calibration graph.

· Measure out 100 mL of your favorite carbonated beverage and measure its specific gravity.

· Find the percent concentration of sugar in the carbonated beverage on the graph.

· Record the concentration of sugar in the beverages chosen by other groups.

Part II

· Clean the prism on the refractometer with a Kim Wipe®.  Add a drop of deionized water, so that the water spreads when the cover is placed on it.  Look through the scope and make a reading.  The refractometer should read 0.00.

· Record the value on the part II Group Data Table.  Wipe the surface dry with the Kim Wipe®.

· Add a drop of 5% solution of sugar on the prism and read the refractometer.  Record your value and wipe the surface dry before repeating the same procedure for the other readings including the unknown.

· Draw a graph of refractive value (y-axis) vs. % concentration of sugar (x-axis).  Connect the points with a ruler to make a calibration graph.

· Find the % concentration of sugar in the carbonated beverage on the graph.

Data Table:


	Concentration of Sugar (%)
	Refractive Value

	
	

	
	

	
	

	
	

	
	

	
	

	Unknown
	


Analysis and Conclusion:

1. After plotting density vs. concentration, what is the unknown concentration of sugar in your choice of beverage?
2. Which beverage, among the beverages used in the lab seemed to have the highest percentage of sugar?

3. When measuring specific gravity, did the hydrometer float higher or lower in a denser than water liquid?

4. Make a prediction.  Will a hydrometer float higher or lower in isopropyl alcohol?

5. How would the density values of the beverages be affected, if the beverages were not flat before measuring specific gravity?

6. What are the units of the following:  concentration, refractive index, specific gravity, and density, which terms have a unit and which ones don’t?  

7. Name a possible sources of error that can be found in the refractometer?   

 References:

· Sugar Content in Beverages:  Density Analysis. Publication No. 10853. <www.flinnsci.com>

· Inexpensive Hydrometer. <http://www.grandpapencil.net/science/hydrom.htm>

· Making and Using a Hydrometer.<http://www.grandpapencil.net/science/hydrom.htm>
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