Boiling Point Elevation 





	When a solute is dissolved in a solvent, the boiling point of the solvent is increased. This property, known as boiling-point elevation, is a colligative property; that is, it depends on the number of solute particles dissolved in the solvent, not on the nature of the substance itself.


	In this experiment, the boiling point of solutions of different solutions of ethylene glycol in water will be measured. Ethylene glycol (CH2OH)2 is a polar di-alcohol that is miscible in water. It is a non-ionizing molecular compound which is attracted to the water molecules by hydrogen bonding. Ethylene glycol is the principal component of antifreeze. The relationship between the change in boiling point of the solution, (Tbp, and the concentration of the solution will be determined. The change in boiling point is the difference between the boiling point of the solution and the boiling point of the solvent. The solvent will be water. Graphs of (Tbp versus the various concentration units (% by volume, % by mass, molarity, and molality) will be constructed to determine gives a direct (linear) relationship. 





Procedure:





1. Place 20 ml of distilled water in a 50 ml Erlenmeyer flask or beaker. Add a few  boiling chips. 





2. Heat the water to boiling on a hot plate.





3. Plug the CBL temperature probe into Channel 1 of the CBL. Connect the CBL to the TI-82/83 calculator with the link cable using the port on the bottom edge of each unit. Firmly press in the cable ends. Plug the voltage adapter into the CBL.





4. Turn on the CBL unit and the TI-83+ calculator. Press [PRGM] and select HEAT. Press [ENTER].





5. The name of program (prgm HEAT) will appear. Press [ENTER].





6. For the number of seconds between points type in 2. Press [ENTER].





7. When the water starts to boil, place the probe in the water. Be careful not to let the cable touch the hotplate.





8. Press [ENTER] on the calculator. The temperature will be displayed on the CBL and the data graphed on the calculator.





9. When the CBL unit display shows that it is DONE, press the TRACE key on the calculator and use the arrow keys to find the boiling point of the water. This should be where the temperature has leveled off to form a plateau in the graph. The graph may slope slightly upwards. As water is vaporized from the solution, the concentration of ethylene glycol in the solution increases which causes the boiling point to increase. Choose a temperature in the beginning of the plateau region. Record the temperature to the nearest 0.1°C. To see the table of the data, press the [STAT] key on the calculator. EDIT should be highlighted. Press [ENTER]. The Time should be in [L3] and the Temperature in [L4].





10. Repeat the data collection with 20 ml of the assigned solution in a 50 ml Erlenmeyer flask or beaker. Record the temperature to the nearest 0.1°C.


11. Collect the data for the boiling points of the other solutions from the different groups. Calculate (Tbp for the solutions.





12. Using the values in the Data Table, calculate the concentration of the solution in terms of % by volume, % by mass, molarity, and molality and enter these values in the Data Table.





13. Press the [STAT] key on the calculator. EDIT should be highlighted. Press [ENTER]. Enter the % by volume in [L1], % by mass in [L2] molarity in [L3], molality in [L4], and (Tbp in [L5]





14. To plot a graph of (Tbp vs. % by volume, press [STAT PLOT] and select: Plot1. Use the arrow keys to position the cursor on each of the following Plot1 settings. Press [ENTER].to select any of the settings you change: Plot1 = On, Type =scatter, Xlist = L1, Ylist = L5, and Mark = square. Press [GRAPH], then [ZOOM]. Select: ZoomStat. Press [ENTER].





15. Follow this procedure to calculate and display a best-fit regression line on your graph:


a. Press [STAT]. Use the right arrow key to display the CALC menu. Select LinReg(ax+b).





b. To identify the lists that correspond to the two variables, press [L 1] [,] [L 5] [ENTER]. The statistics are displayed for the equation in the form:





y = ax + b





where x is % by volume, y is (Tbp, a is a proportionality constant ( the slope of the line), and b is the y-intercept, and r is the correlation factor. The closer r is to one the better the data correlates to a straight line. Record these values in the Data Table.





c. To display a best-fit regression line on the graph, first press [Y=]. Clear Y1 if there is an equation there. Press [VARS]. Select Statistics, arrow right to display the EQ menu. Select RegEQ to copy the linear regression equation to Y1=. Press [ENTER].





d. Press [WINDOW] and then set Xmin = 0 and Ymin = 0 (so both axes are scaled from 0).





e. Press [GRAPH] to view the graph of with a best-fit (Tbp vs. % volume regression line.





16. Is the relationship between (Tbp and % by volume linear? Sketch the graph on the report sheet.





17. To see if the plot (Tbp versus the other concentration units are linear change the X list in step 13 to L2, L3, and L4. Plot the graphs and sketch the graphs on the report sheet. Record the slope, y-intercept, and correlation values in the Data Table.





18. The slope of the linear plot will be kb, the boiling point elevation constant.
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Data Table





Solution No.�
% Ethylene Glycol (by vol)�
Volume of water (mL)�
Volume of ethylene


glycol (mL)�
Mass of water (g)�
Mass of ethylene glycol (g)�
�
1 (pure water)�
0�
50.0�
0.0�
50.0�
0�
�
2�
5.0�
47.5�
2.5�
�
�
�
3�
10.�
45.0�
5.0�
�
�
�
4�
15�
42.5�
7.5�
�
�
�
5�
20.0�
40.0�
10.0�
�
�
�
6�
25.0�
37.5�
12.5�
�
�
�
7�
30.0�
35.0�
15.0�
�
�
�
8�
35.0�
32.5�
17.5�
�
�
�
9�
40.0�
30.0�
20.0�
�
�
�
10�
45.0�
27.5�
22.5�
�
�
�
11�
50.0�
25.0�
25.0�
�
�
�
12�
55.0�
22.5�
27.5�
�
�
�



Solution No.�
Boiling point of water (oC)�
Boiling point of solution (oC)�
(Tbp (oC)�
�
1 (pure water)�
�
�
0�
�
2�
�
�
�
�
3�
�
�
�
�
4�
�
�
�
�
5�
�
�
�
�
6�
�
�
�
�
7�
�
�
�
�
8�
�
�
�
�
9�
�
�
�
�
10�
�
�
�
�
11�
�
�
�
�
12�
�
�
�
�



X-axis variable�
Y-axis variable�
Slope�
y-intercept�
Correlation Factor�
�
% by volume�
(Tbp�
�
�
�
�
% by mass�
(Tbp�
�
�
�
�
Molarity�
(Tbp�
�
�
�
�
Molality�
(Tbp�
�
�
�
�



Molar mass of ethylene glycol (CH2OH)2 = 62.1 g/mol	


Density of ethylene glycol (CH2OH)2 =1.11 g/ml 


Assume the density of water = 1.00 g/ml





Solution No.�
Mole ethylene glycol�
% by volume


ethylene


glycol�
% by mass


ethylene


glycol�
Molarity


ethylene


glycol�
Molality


ethylene


glycol�
�
1 (pure water)�
0�
0�
0�
0�
0�
�
2�
�
�
�
�
�
�
3�
�
�
�
�
�
�
4�
�
�
�
�
�
�
5�
�
�
�
�
�
�
6�
�
�
�
�
�
�
7�
�
�
�
�
�
�
8�
�
�
�
�
�
�
9�
�
�
�
�
�
�
10�
�
�
�
�
�
�
11�
�
�
�
�
�
�
12�
�
�
�
�
�
�



Sketch the graph of (Tbp versus the concentration of the solution from your calculator below.
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Follow-up Questions:





1. Which concentration unit(s) gave a linear relationship with (Tbp?
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