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Introduction
In this activity, you will determine the density of a solid and a liquid by graphical means, and then analyze the group’s distribution of density values.
Essential Question
How can the slope of a graph be used to predict unknown values?
Materials
Ideal group size = 3-4, with some shared items.
	· (1) balance, top loading		
· (1) beaker, 600 mL to recycle ethyl alcohol & Na2S2O3 – (Shared with another group)
· (1) graduated cylinder, 100 mL
· (1) ruler
	· (1) weighing dish
· (1) bottle, dispensing with flip-top 8 oz (236 mL), labeled “ethyl alcohol” filled with ethyl alcohol
· (1) bottle, wide mouth, 4 oz (118 mL) with cap labeled “Na2S2O3” filled with sodium thiosulfate



Part 1 – Density of Ethanol
Data Collection – Ethanol
Table 2: Ethyl Alcohol (Ethanol)
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1. To a clean, dry 100 mL graduated cylinder, add approximately 10 mL of ethanol. Record the volume of the sample of alcohol in the cylinder to the nearest 0.1 mL. Place the graduated cylinder on the digital scale to get the total mass of the ethanol and graduated cylinder. Record this value in Table 2. 
Reminder: Remove the graduated cylinder and zero out the balance before each mass measurement.
2. Add approximately 10 mL of ethanol to the sample already in the graduated cylinder. Record the total volume of the ethanol and total mass of the graduated cylinder and ethanol in Table 2 of the data section.
3. Continue to add approximately 10 mL portions of ethanol to the graduated cylinder three more times. Record the total volume of the ethanol and total mass of the graduated cylinder with the ethanol after each addition.
Data Analysis – Ethanol
Graph 1. Ethanol Density
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4. Plot the data from Table 2 for ethanol on Graph 1 with mass on the y-axis and volume on the x-axis. Be sure to label both axes. We want to determine the y-intercept (x = 0) so you need not start your y-axis at zero, but you must start the x-axis at zero. Show the uncertainty in the measured data points by using error bars.
5. Taking into account the error in your measured values, draw in a best-fit straight line.
6. Calculate the slope of your line. Show your work and include units. Use points on your best-fit line, not the data points for this calculation.	
Slope of best fit line = _____________
7. Using the slope-intercept form (y = mx + b), write an equation which describes the straight line on your graph. Be sure to include the values of any constants, and their units, in your equation. Denote variables using the first letter for the quantity, e.g., “M” for mass.
Slope-intercept equation for the data in Table 2: ____________________________________________
8. Looking at the graph of the data from Table 2, what does the y-intercept (where x = 0) represent?
________________________________________________________________________________________________________________________________________________________________________________________________________
9. Using your equation from #8 above, calculate the following: 
a. The total mass of the graduated cylinder and 28.0 mL of ethanol. __________________________
b. The total mass of the graduated cylinder and 95.0 mL of ethanol. __________________________



Part 2 - Density of Sodium Thiosulfate (Na2S2O3)
Data Collection – Sodium Thiosulfate
Table 3: Sodium Thiosulfate (Na2S2O3)
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10. Weigh out approximately 5 grams of Na2S2O3 in a weighing dish. Add the Na2S2O3 to the graduated cylinder containing ethanol (from Part 2). Record the volume of the ethanol and total mass of the graduated cylinder with the ethanol and Na2S2O3 in Table 3 in the data section. 
11. Repeat this procedure four more times, recording the total volume of ethanol and Na2S2O8 and total mass of the graduated cylinder, ethanol, and Na2S2O3 in Table 3.
12. When you are finished, put ethanol and Na2S2O3 in the recycle beaker. DO NOT USE WATER TO RINSE THE GRADUATED CYLINDER. If you need to rinse the graduated cylinder, use ethanol.
Data Analysis
Graph 2. Sodium Thiosulfate Density
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13. On Graph 2, plot the data from Table 3 (mass on the y-axis and volume on the x-axis). Label the graph and both axes. Draw in a best-fit straight line. For this graph you need not start either axis at zero. Scale the graph to spread your data points as much as possible. 
14. Calculate the slope of best-fit line on this graph. Show your work and include units. Use points on your best-fit line, not your data points for this calculation.
Slope = ______________________


Part 3 - Group Statistics for the Density of Ethyl Alcohol
15. After removing any outliers, give a five-number summary of class observations for the density of the ethyl alcohol. Be sure to add appropriate labels to each answer.
· Minimum = _________ 
· Q1 = _________ 
· Median = _________ 
· Q3 = _________ 
· Maximum = _________ 
16. Produce a boxplot of the class results using GeoGebra.
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