How Dense Are Soda Drinks?

Portions of this laboratory were adapted from: 

Wink, D.J.; Gislasom, S.F.; and Kuehn, J.E.  Working with Chemistry, 2nd Ed.; W.H. Freeman and Co., 2005, p. B.1-B.8

Herrick, R.S., Nestor, L.P., and Benedetoo, D.A. Journal Chemical Education 1999, 76,  1411-1413

This experiment is simple in terms of chemical theory, but it has been designed to train you in standard laboratory skills such as:

a. How to prepare for an experiment

b. How to set up your lab notebook and record data appropriately

c. How to use standard laboratory equipment to make measurements

d. How to calculate results, including the proper use of significant figures

e. How to report, summarize, and analyze experimental data

In order to get the most from this experiment, pay close attention to detail and try to imagine a broader context.  You will use the techniques learned here in all of the other experiments you perform!


Will It Float?

Have you ever watched the segment “Will It Float?” during the Late Show of David Letterman?  (http://www.k-statecats.com/dl29_WIF_10-21-05.mov)

This game is based on Archimedes Principle: An immersed body is buoyed up by a force equal to the weight of the volume of fluid it displaces. In other words:

1. If an object is denser than the fluid in which it is immersed, it will sink.

2. If an object is less dense than the fluid in which it is immersed, it will float.

Do you expect a can of Coke to sink or float?  What about a can of Diet Coke?  Try it and discuss the results.

Background

A scientist is compelled to report neither more nor less accuracy and precision

 than is warranted by the experimental method employed.
In this experiment you will compare various methods for the determination of the density of a liquid (Coke and Diet Coke).  Density is a physical property, and thus every pure substance has a characteristic density.  For example, the density of copper is 8.92 g/mL.  If we can compare our experimental value for density to a theoretical (accepted) value, we can make conclusions about the accuracy of each method.

The level of accuracy can be expressed by the quantity called percent error (or relative error)  because it quantifies how far the experimental value is from the accepted value.  The lower the percent error, the greater the accuracy of the method.

Percent Error   =    |Experimental Value – Accepted Value|   x 100%

 Accepted Value
If the same measurement is carried out several times, then the precision of the method can be evaluated.  Standard deviation provides a numerical value that indicates the extent to which the data is scattered about the mean (average).  The lower the standard deviation, the less scattered the data is, and the greater the precision of the method.

Standard Deviation: 
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As you perform this experiment, you will observe that different pieces of lab equipment allow varying numbers of significant figures to be recorded in measurement.  The number of significant figures recorded should reflect the level of accuracy that the piece of equipment allows.  The last digit recorded should be the first uncertain number.  Do not read more digits or less digits than appropriate for a given measurement.

Reading the mass of a sample using a digital top loading balance is very straightforward, just keep in mind that the last digit on the readout is uncertain.  Measurement of volume using glassware can be more complicated.  Beakers and Erlenmeyer flasks should never be used to measure volume unless very approximate.  The table below summarizes the glassware that is used to measure volume.  All are calibrated with some kind of marking, but some are graduated with many markings to show different volumes while others are designed to measure just one volume.  Those designated TD are designed to deliver the measured volume to another vessel, even though they actually contain slightly more.  The volumetric flask is designated TC because it is designed to contain exactly the volume indicated by the label.

Glassware for Liquid Volume Measurement

	
	Graduations
	To Deliver or To Contain
	Error

	100 mL Graduated Cylinder
	Yes
	TC
	±0.1 mL

	25 mL Graduated Pipet
	Yes
	TD
	±0.1 mL

	25 mL Volumetric Pipet
	No
	TD
	±0.01 mL

	25 mL Volumetric Flask
	No
	TC
	±0.01 mL

	50 mL Buret
	Yes
	TD
	±0.01 mL


Measurements made using graduated glassware should be recorded by reading the last graduation that is marked and then estimating the next digit.  For example, the smallest graduations on a 100 mL graduated cylinder are milliliters (mL).  You should read the last full milliliter and then estimate to a tenth of a milliliter, e.g., 67.8 mL.

A piece of glassware with only one marking, such as a volumetric pipet, has only one volume measurement.  It is usually very exact and is labeled on the piece, e.g., TD 5.00 mL for a 5 mL volumetric pipet.  Measurement of length using a ruler or Vernier caliper and measurement of temperature using a thermometer should be made as with graduated glassware, i.e., read between the lines (interpolate) to estimate the last digit.

A Lesson from History

In the old days, soap was made at home by cooking animal fat in lye (a solution rich in sodium hydroxide).   Before the soap could be made, the lye solution had to be prepared and its concentration had to be checked.   Since concentration is related to the density of a solution, one method of indirectly monitoring the concentration of the lye was to put a raw egg in the solution.  If the egg sank this meant that the lye solution had a lower density than the egg, and the concentration was too low.  If the egg floated on the lye solution, but the surface protruded above the surface, then the concentration of the lye solution was too high and more water needed to be added.  The desired concentration of lye would allow the raw egg to barely float so that the top would just touch the surface of the solution.  Do you think this was a reliable method?  Do all raw eggs have the same density regardless of size and freshness?
Objectives


The objectives of this experiment are to identify the most accurate and the most precise method by which to determine the density of a liquid, to determine if the density of different soda samples (Regular Coke vs. Diet Coke vs. CokePlus) are the same, and to determine if density is an intensive or extensive property of the soda.

Apparatus
Chemicals
Top loading balance
Deionized water

Graduated cylinder, 100 mL
Coke (with CO2 removed)

Beaker, 100 mL
Diet Coke (with CO2 removed)

Volumetric pipet, 25 mL
Diet Coke Plus (with CO2 removed)

Pipet bulb
Paper towels

Buret, 25 mL

Ring stand with buret clamp

Thermometer (ethanol)

Microsoft Excel® Application

Procedure

Part I:  Density of a Liquid: Coke & Diet Coke
Graduated Cylinder Method
 (Record your data directly into Table 1 in your notebook)

1. In your lab notebook, write the title of the experiment, the date you will be performing it, leave some space to write your name and lab partner’s names and then write the “Objectives“ shown above.

2. Start a new section called “Data and Observations.”   Then, draw the following table.

Note on Drawing Tables:  
Tables in your lab notebook must be drawn by hand and use a ruler if available. 

	100 mL Graduated Cylinder
	Trial 1
	Trial 2
	Trial 3

	Temperature of Coke ( Diet Coke or Coke Plus )                                        
	
	
	

	Mass of empty graduated cylinder                  
	
	
	

	Mass of graduated cylinder + ~25 mL soda   
	
	
	

	Volume of soda in graduated cylinder                 
	
	
	


      Table 1. Mass and Volume of Coke and Diet Coke using a Graduated Cylinder

3. Your instructor will assign you one type of soda.  It will either be Coke, Diet Coke, or Diet Coke Plus.  Throughout the lab you an your lab partner will be working with the same type of soda, but at the end the results for the different soda samples will be compared.  In your lab notebook make sure to write exactly which type of soda you worked with.

4. Record the temperature of the soda (Coke, Diet Coke, or Diet Coke Plus) in your lab notebook.  Answer the following question, using a full sentence, in your notebook:

How many decimal places can your record using this thermometer? _______

5. Using a top loading balance, measure the mass of a 100 mL graduated cylinder.   This mass will be used as the mass of the dry graduated cylinder for the three trials.  Answer the following question, using a full sentence, in your notebook:

How many decimal places can you record using this balance? _______

6. Place ~25 mL of soda in the graduated cylinder (pour the soda directly from the can).  Make sure that the outside of the cylinder is completely dry and that drops on the inside top of the cylinder are minimal.  Record the exact volume of the soda.

How many decimal places can you record using this graduated cylinder? _______

7. Measure the mass of the graduated cylinder and soda, and record in Table 1 of your lab notebook. 

8. Repeat Steps 2-4 two more times using the same graduated cylinder but adding a fresh sample of soda.

When you repeat, does the graduated cylinder need to be dry? _______
Why or why not?_________________________________________________________

Volumetric Pipet Method
(Record your data directly into Table 2 in your notebook)
9. In your lab notebook, compose Table 2, a data table for the Volumetric Pipet Method.  Make sure to leave some empty space after the data table to write observations and to include answers to questions in italics.

	25 mL Volumetric Pipet
	Trial 1
	Trial 2
	Trial 3

	Temperature of Soda: ___________________                                           
	
	
	

	Mass of dry beaker                  
	
	
	

	Mass of beaker + ~25 mL soda
	
	
	

	Volume of soda in beaker                 
	
	
	


      Table 2. Mass and Volume of Soda using a Volumetric pipet

10. Using a top loading balance, measure the mass of a dry 100 mL beaker.


How many decimal places can you record using this balance? _______

11. Rinse a 25 mL volumetric pipet with soda.  Fill the pipet exactly to the line with soda.  Deliver the soda sample directly from the pipet to the beaker.


What is the exact volume that the pipet delivers, with the correct decimal places? ______

12. Measure the mass of the beaker and soda, and record in Table 2 of your lab notebook.

13. Repeat Steps 7-9 two more times.


When you repeat, does the beaker need to be dry? _______  The pipet?_______

Why or why not?_________________________________________________________

Buret Method
(Record your data directly into Table 3 in your notebook)
1. Prepare Table 3, a data table for the Buret Method.  Notice that this table will need to include “initial reading” of buret and “final reading” of buret, in addition to the mass recordings.  
	Buret
	Trial 1
	Trial 2
	Trial 3

	Initial buret reading                                             
	
	
	

	Final buret reading
	
	
	

	Actual volume of soda delivered to beaker
	
	
	

	Mass of dry beaker
	
	
	

	Mass of beaker + soda
	
	
	


      Table 3. Mass and Volume of Coke using a buret

14. Using a top loading balance, measure the mass of a clean 100 mL beaker.
15. Set up a buret and make sure that the stopcock is closed.  Place a funnel on top and fill the burette with soda until the meniscus is close but below the 0.00 mL mark.  Remove the funnel and record the initial volume to the nearest 0.01 mL.  Place the 100 mL beaker under the burette, open the stopcock and deliver ~ 24 mL of soda (above the 25 mL mark on the buret ) into the Erlenmeyer flask.  Don’t let the meniscus end up below the lowest graduation line on the buret.  Record the final volume to the nearest 0.01 mL.  The difference between the final volume and the initial volume is the actual volume delivered into the beaker.
16. Measure the mass of the beaker and soda.

17. Repeat Steps 12-14 two more times.

When you repeat, does the beaker need to be dry? ______________
Why or why not?_________________________________________________________
Calculations 

18. Continuing in the Calculations section, for each of three methods above calculate:

(i)
the density of soda for each of the three trials.

(ii)
the mean density and the standard deviation (STDEV) of the three trials.  Microsoft Excel® can be used to calculate standard deviations.

(iii) the percent error of the mean density (Assume that the” accepted values” for the density of Coke at 20°C = 1.033 g/mL & density of Diet Coke at 20°C = 0.995 g/mL).

Include all your calculations in the notebook and write the final calculated values in Table 4 (Graduated Cylinder), Table 5 (Volumetric Pipet), and Table 6 (Buret Method). You may also prepare each table using Excel and then glue printed copies to your notebook.  Leave space between the tables to show sample calculations for determining mass of soda, mean density, standard deviation, and %error..

	
	Trial 1
	Trial 2
	Trial 3

	Mass of soda       
	*
	
	

	Volume of soda  
	
	
	

	Density of soda   
	*
	
	

	
	
	Mean Density
	*

	
	
	Std. Deviation
	*

	
	
	% Error
	*


Table 4.  Results for Density of Soda by Graduated Cylinder Method


*Sample Calculations: (show your work for values marked with an asterisk )

19. Prepare a Table 7 to rank the three methods in terms of accuracy and precision based on your team’s data.  A ranking of 1 means that it was the most accurate method while a ranking of 3 means it was the least accurate method.  How does this compare to the ranking from the other groups in the class?

	
	Accuracy
	Precision

	Graduated Cylinder Method
	
	

	Volumetric Pipet Method
	
	

	Buret Method
	
	



Table 7.  Ranking of Accuracy and Precision of Three Measuring Methods (1 = Best; 3 = Least)

20. Which soda had the highest density and which had the lowest?  Can you think of an explanation?
Conclusions

You will be responsible for typing the Conclusions and the answers to the Post Lab Questions and turning them in along with the carbon copies of your lab notebook.  Please use double-space between lines.

In the Conclusion section you will be expected to answer the “Objectives” by reporting your results quantitatively and qualitatively.  Make sure to analyze the results by comparing them to accepted values when possible ( % error ) and list the sources of error.  Provide clear, thorough, and in-depth explanations of the observed results so that you demonstrate your understanding of the experiment and your insight into the chemical principles that are relevant to the experiment. 

Begin this section by summarizing the final results of the experiment (report the mean densities, standard deviations, and % error for each method).  The sources of error that led to a deficiency in the accuracy and/or precision of the experiment should then be discussed. Do not present all of the results at once and then list all of the sources of error at the end.  Rather, present related results together, discussing the specific sources of error that apply to them. 

Continue this section by ranking the different methods used to determine the density of soda in terms of accuracy and precision.  Which method was most accurate and which was the least accurate?  How did you come to this conclusion?  Which method was most precise and which was the least precise?  How did you come to this conclusion?  Did the class data agree with your results?  Provide a thorough explanation for the differences in accuracy & precision by considering the sources of error involved in each method. 

Consider the class data for a given type of soda, did the three methods of measuring density yield the same average density (within the margin of error: ± one standard deviation)?  If not, provide an explanation for the observed differences.

Did all the soda samples have the same density (within the margin of error)?  Provide a very thorough explanation for the differences in density observed.  Your explanation should include the ingredients found in these soda samples and how these ingredients might or might not affect the density of the soda samples.  How do the observed densities compared to the density of water.

Post-Lab Questions

You don’t have to re-type each question but make sure to write your answers in complete sentences.

1. During the experiment you were asked to measure the temperature of the soda samples.  Explain why this might be an important measurement to make when determining the density of a liquid.

2. How did you decide which method was most accurate? and which method was most precise?

3. An analytical balance, which we did not use today, can measure mass in grams to the fourth decimal place.  For which method might this have been useful, the Graduated Cylinder Method, the Volumetric Pipet Method, the Buret Method, or all?  Explain.

4. If someone reported a water density of 1.0 g/mL for the Volumetric Pipet Method, why would you be suspicious of their skills as a scientist?

5. Later this semester you will need to carry out dilutions.  If you need to transfer exactly 10 mL of solution to a 25 mL volumetric flask, which piece of glassware will you use to measure the 10 mL?

6. When looking at the class data, which piece of glassware used tends to yield a lower average density measurement than the rest?  Explain why.

7. The major ingredient in all the soda samples is water, explain why the density was not the same as that of water.  Were all the soda samples denser than water?  Why or why not?
8. Compare the densities of the different soda types.  Provide a clear and thorough explanation for why they are not the same.

9. For this experiment each of the sodas that were provided to the students were left open for a day before the experiment.  Suggest a reason why this was necessary.  How would the density measurements differ if the soda containers had been opened right before the experiment?

Final Lab Notebook Report for Grading

You will need to turn in copies of the lab notebook pages in addition to the typed Conclusions and answers to the Post-lab Questions.

Remember that even if you worked in a team of two (or more) students, each student is responsible for completing their own lab notebook/report.  You and your lab partner can share experimental data, this means that both of your lab reports will end up with exactly the same lab data.  However, you and your lab partner are NOT allowed to share the analysis of the data ( Results, Conclusions, and answers to Post-Lab Questions ).  If the writing on these sections are identical or very similar to the writing of another student’s lab report, both of you will get a zero as the grade for the report. 

Name:  ________________________________
Section: _________
Date:  ____________

Lab Partner:  ___________________________

How Dense Are Soda Drinks?
Objectives:

____________________________________________________________________________________________

____________________________________________________________________________________________

_____________________________________________________________________________________________

Data and Observations


IMPORTANT:  Include correct units and significant figures for every measurement!

Part I:
	100 mL Graduated Cylinder
	Trial 1
	Trial 2
	Trial 3

	Temperature of soda: __________________                                            
	
	
	

	Mass of empty graduated cylinder                  
	
	
	

	Mass of graduated cylinder + ~25 mL soda   
	
	
	

	Volume of soda in graduated cylinder
	
	
	


      Table 1. Mass and Volume of Coke & Diet Coke using a Graduated Cylinder 

Observations:

	25 mL Volumetric Pipet
	Trial 1
	Trial 2
	Trial 3

	Temperature of Soda: ___________________                                           
	
	
	

	Mass of dry, 50 mL flask                  
	
	
	

	Mass of flask + ~25 mL soda
	
	
	

	Volume of soda in flask                 
	
	
	


      Table 2. Mass and Volume of Soda using a Volumetric pipet

Observations:

	Buret
	Trial 1
	Trial 2
	Trial 3

	Initial buret reading                                             
	
	
	

	Final buret reading
	
	
	

	Total volume of soda delivered to 50 mL flask
	
	
	

	Mass of dry, 50 mL flask
	
	
	

	Mass of flask + soda
	
	
	


      Table 3. Mass and Volume of Coke using a buret


Observations:

Calculations:
Part I:

	
	Trial 1
	Trial 2
	Trial 3

	Mass of soda       
	*
	
	

	Volume of soda  
	
	
	

	Density of soda   
	*
	
	

	
	
	Mean Density
	*

	
	
	Std. Deviation
	*

	
	
	% Error
	*


Table 4.  Results for Density of Soda by Graduated Cylinder Method


*Sample Calculations: (show your work for values marked with an asterisk )

	
	Trial 1
	Trial 2
	Trial 3

	Mass of soda       
	*
	
	

	Volume of soda
	
	
	

	Density of soda  
	
	
	

	
	
	Mean Density
	

	
	
	Std. Deviation
	

	
	
	% Error
	


Table 5.  Results for Density of soda by Volumetric Pipet Method

*Sample Calculations: (show your work for values marked with an asterisk )

	
	Trial 1
	Trial 2
	Trial 3

	Mass of Coke       
	
	
	

	Volume of Coke  
	*
	
	

	Density of Coke   
	
	
	

	
	
	Mean Density
	

	
	
	Std. Deviation
	

	
	
	% Error
	


Table 6.  Results for Density of soda by Buret Method

*Sample Calculations: (show your work for values marked with an asterisk )

	
	Accuracy
	Precision

	Graduated Cylinder Method
	
	

	Volumetric Pipet Method
	
	

	Buret Method
	
	



Table 7.  Ranking of Accuracy and Precision of Three Measuring Methods (1 = Best; 3 = Least)






Figure 1.  Class density data for 25 mL volumes measured with graduated cylinder, volumetric pipet, and buret.
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