
Vapor Pressure of Liquids

NAME:_____________________________________________PERIOD:___________

Prelab

1. The following data was collected for the vapor pressure of mercury at different temperatures:

Determine graphically the heat of vaporization for mercury. Show your calculations and sketch the graph.

	Temperature (oC)
	Pressure (mm Hg)
	ln P
	Temperature (K)
	1/Temperature (K-1)

	200.0
	17.3
	
	
	

	250.0
	74.4
	
	
	

	300.0
	246.8
	
	
	

	320.0
	376.3
	
	
	

	340.0
	557.9
	
	
	


	Slope of the regression line
	

	Y intercept
	

	Correlation factor
	

	(Hvap (kJ/mol)
	


2. Calculate the vapor pressure of mercury at 275 oC. Show your calculations.
3. Calculate the normal boiling point of mercury in K and oC. Show your calculations.
Vapor Pressure of Liquids

When a liquid is placed in a container, the liquid will evaporate. Eventually, if sufficient liquid is present, equilibrium is reached between the rate of evaporation and the rate of condensation. The vapor pressure of the liquid is equal to the partial pressure of its vapor in the container. The vapor pressure of the liquid is dependent on the temperature and the strength of the intermolecular forces. The normal boiling point of a substance is defined to be the temperature where the vapor pressure equals one atmosphere. The relationship between the vapor pressure, P, and the Kelvin temperature, T, is given by the Clausius-Clapeyron equation,




R= 8.31 J/mol K or 8.31x10-3 kJ/ mol K. A graph of lnP versus 1/T gives a straight line with a slope equal to -(Hvap/R. A different expression of the Clausius-Clapeyron equation using the vapor pressure at two temperatures is





In this experiment, you will investigate the relationship between the vapor pressure of a liquid and its temperature. Pressure data will be collected using a pressure sensor connected to a CBL system. The container will be placed in water baths of different temperatures to determine the effect of temperature on the vapor pressure of methanol. The values for the vapor pressure at different temperatures will be used to calculate the heat of vaporization of methanol.

Procedure:
I. Preparation of the CBL and Pressure Sensor:
1.
Prepare the pressure sensor.

a. Plug the pressure sensor into Channel 1 of the CBL using the DIN adapter.

b. Attach the plastic tubing to the valve of the Pressure Sensor as shown in Figure 1.

    Be sure that the blue handle with the arrow on the valve is turned in the indicated direction.

c. Connect the CBL System to the TI-83+ calculator using the link cable and be sure the ends are pressed in firmly. Attach the AC voltage adapter to the CBL.
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Figure 1

2. Turn on the CBL unit and calculator. Press [PRGM] and select CHEMBIO. Press [ENTER], “Prgm CHEMBIO” appears. Press [ENTER].  “ Vernier Software-Biology and Chemistry with the CBL” appears. Press [ENTER]  to go to the MAIN MENU. If the CBL and the calculator are not turned on and the link cable pushed in firmly at both ends, the message “ Link Error” will appear. Be sure that the link cable is firmly pushed into the CBL and calculator and press the On button on the CBL.

3. Set up the calculator and CBL for a pressure sensor and calibration (in atmospheres).

a. Select SET UP PROBES from the MAIN MENU. Press [ENTER].
b. Enter “1” as the number of probes. Press [ENTER].
c. Select PRESSURE from the SELECT PROBE menu. Press [ENTER].
d. Enter “1” as the channel number. Press [ENTER].
e. Select USE STORED from the CALIBRATION menu. Press [ENTER].
f. Select ATM from the PRESSURE UNITS menu. Press [ENTER].
4. Set up the calculator and CBL for data collection.

a. Select COLLECT DATA from the MAIN MENU. Press [ENTER].
      b. Select TIME GRAPH from the DATA COLLECTION menu. Press [ENTER].
      c. Enter “3” as the time between samples, in seconds. Press [ENTER].
      d. Enter “40” as the number of samples. Press [ENTER].
      e. A screen will appear listing the sample time, number of samples, and the length

          of the experiment. Press [ENTER]. 

      f. Select Use Time Set Up. Press  [ENTER].
      g. Enter “0.8” as the minimum pressure (Ymin). Press [ENTER].

      h. Enter “1.6” as the maximum pressure (Ymax). Press [ENTER].

      i. Enter “0.1” as the pressure increment (Yscl). Press [ENTER].

5. The calculator will display “ press [ENTER]  to begin collecting data”. DO NOT PRESS [ENTER]  at this time. Proceed with the sample preparation below. 

II. Sample Preparation: 

Safety glasses must be worn throughout this lab.
1. Obtain a 10oz glass drink bottle that has a plastic pipet and short piece of brass tubing epoxied in the lid. See Figure 2. The bottle must be dry. Pour a small amount of methanol in a 50mL beaker.


Figure 2

2. Remove the lid and dropper assembly from the bottle. Carefully attach the plastic tubing from the

    pressure sensor to the brass tubing on the bottle.

3. Deflate the bulb on the plastic pipet as completely as possible.

4. Place the tip of the pipet below the surface of the methanol in the beaker. Pull up as much methanol as you can. Hold the pipet horizontally over the beaker and gently squeeze the bulb to force any methanol out of the stem of the pipet. Turn the pipet upside down and squeeze the bulb to force out the air. Place the tip of the pipet below the surface of the methanol, and pull up the methanol to fill the pipet. It is not critical that the pipet be full. There must, however, be an excess of liquid methanol so that equilibrium is established.

5. Stretch a small piece of Parafilm over the tip of the pipet to prevent any methanol leaking into the bottle.

6. Carefully attach the lid to the bottle. The lid should be tight to prevent any loss of methanol vapor. Be careful not to squeeze the methanol out of the pipet because it will affect the initial pressure.
III. Collecting Data:
7. Use a 1 liter beaker to prepare an 10-15 oC water bath. Place the bottle in the bath. The bottle should be immersed up to its neck.

8. Turn the blue handle towards the pressure sensor. This will insure that the gas in the bottle stays at atmospheric pressure as the temperature comes to equilibrium with the bath temperature.
9. Swirl the bottle gently in the bath for a few minutes so that it can reach the temperature of the bath. Record the bath temperature. Turn the blue handle towards the bottle to be sure the pressure sensor is also at atmospheric pressure. Turn the blue handle back to the original position shown in Figure 1.
10. Be sure that the calculator and CBL are turned on. They may have shut off while you were preparing the sample.

11. Press [ENTER] on the calculator. The CBL will display the pressure in the bottle and the pressure will be graphed versus time on the calculator.

12. After 2 data points have been displayed on the calculator, squeeze the pipet bulb until all of the methanol has been added to the bottle.

13. Swirl the bottle gently during the entire data collection time.
14. After the CBL has finished taking data, message “Time in L1 and Pressure in L2” will be displayed. Press [ENTER].

15. The graph will be displayed. Use the arrow keys to examine the data points along the displayed graph of pressure vs. time. As you move the cursor right or left, the time (X) and pressure (Y) values of each data point are displayed below the graph.

16. Record the initial pressure in the data table. This pressure will be the pressure of the air. 

17. Record the highest constant pressure value as the total pressure (air + vapor).

18. Calculate and record the change in pressure. This will be the vapor pressure.

19. Press [ENTER] to exit the graph.

20. Select Yes for Repeat Experiment. Enter the same values as above for Ymin, Ymax, and Yscl. Press [ENTER]. DO NOT press [ENTER] again until you have prepared the next sample.

21. With the bottle pointed away from you, carefully loosen the lid of the bottle and release the pressure.

22. Repeat steps 3-21 with different bath temperatures of 20-25 oC (room temp.), 30-35 oC, 40-45 oC, and 50-55 oC. A dry bottle must be used for each sample.
23. When all the samples have been run, select NO and press [ENTER] to return to the Main Menu. 

24. Select QUIT. Press [ENTER].

25. Turn off the calculator and the CBL. Disconnect the dropper assembly from the pressure sensor.

IV. Analyzing the Data:
1. Press [MODE]. Select Normal. Press [ENTER]. Select Float. Press [ENTER]. Press [QUIT].
2. Press [STAT] on the calculator. EDIT is highlighted. Press [ENTER].
2. Move the cursor to highlight the column heading L1. Press [CLEAR]. Press [ENTER].
    This should clear the data from L1.

3. Move the cursor to highlight the column heading L2. Press [CLEAR]. Press [ENTER].
    This should clear the data from L2.

4. Enter the temperature in oC to the nearest 0.1oC in L1.

5. Enter the vapor pressure in L2.

6. Use the arrow keys to move the cursor to the column heading L3. Press [CLEAR]. Press [ENTER]. This should clear any data in L3.

7. Move the cursor to the column heading L3. Press [ln] [L2] [ENTER]. The values for the natural logrithm (ln) of the vapor pressure should appear in L3. Record these values in the data table to the nearest 0.001.

8. Use the arrow keys move the cursor to the column heading L4. Press [CLEAR]. Press [ENTER]. This should clear any data in L4.

9. Move the cursor to the column heading L4. Press [L1] [+] [273] [ENTER]. The values for temperature in Kelvin should appear in L4. Record these values in the data table to the nearest 0.1 K.

10. Use the arrow keys to move the cursor to the column heading L5. Press [CLEAR]. Press [ENTER]. This should clear any data in L5.

11. Move the cursor to the column heading L5. Press [L4] [x-1] [ENTER]. The values for the reciprocal of the temperature in Kelvin should appear in L5. Record these values in the data table.

V: Calculator Graphing

1. Graph the vapor pressure versus temperature using the following instructions.

a. To clear any previous regression equation and curve, press [Y=] and [CLEAR]. Press [QUIT], then press [CLEAR] to clear the calculator screen.

b. To plot a graph of vapor pressure vs. temperature, press [STAT PLOT], then select Plot1.  Press [ENTER]. 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 (1st type), Xlist = L1 Ylist = L2 and Mark = square. On the TI-83 the list numbers have to be typed in for the Xlist and Ylist.

c. Press [GRAPH] , then [ZOOM], select  ZoomStat and press [ENTER].
2. Sketch the graph of pressure versus temperature on the report sheet.

3. Plot a graph of the natural logrithm of the vapor pressure versus 1/T in Kelvin using the following instructions.

a. To clear any previous regression equation and curve, press [Y=] and [CLEAR]. Press  [QUIT], then press [CLEAR] to clear the calculator screen.

b. To plot a graph of ln vapor pressure vs. temperature, press [STAT PLOT], then select Plot1. Press [ENTER]. 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 (1st type), Xlist = L5 Ylist = L3 and Mark = square. On the TI-83 the list numbers have to be typed in for the Xlist and Ylist.

c. Press [GRAPH] , then [ZOOM], select  ZoomStat and press [ENTER].
4. Sketch the graph ln vapor pressure versus 1/temperature in K-1 on the report sheet.

5. If there is an apparent linear relationship between the natural logrithm of the vapor pressure and 1/T, find the slope and the y-intercept of the line that best fits this linear relationship by the following steps.

a. Press [STAT]
b. Arrow right to CALC.
c. Select LinReg (ax+b) Press [ENTER].
d. Press [L5] [,] [L3]. Press [ENTER].
6. The results of the least-squares fit (linear regression) appear on the (LinReg) screen:


a = slope of the line

b = y-intercept of the line


r = correlation coefficient (a measure of how well the this line fits the data . The closer the value is to 1.00, the better the data fits a straight line.)

Record these values in the Data Table

On the TI-83 If the r value does not appear on the screen, press [CATALOG]. Arrow down to Diagnostic On and press [ENTER] twice. The screen should show Diagnostic On and Done. Run the linear regression analysis again.

7.To display the best-fit line on the graph:

a. Press [Y=]

b. Press [ENTER] to select Y1.

c. Press [CLEAR] to delete any unwanted function.

d. Press [VARS]
e.Select Statistics. Press [ENTER].
f. Arrow right to EQ since we want an equation.

g. Press RegEQ and press [ENTER]. The regression equation appears in the Y1 slot.

h. Press [GRAPH] and both the data and the line will be plotted.

8. Use the slope of the linear regression line to calculate the value of (Hvap. The value will be in J/mol . Record the value in kJ/mol .

VI: Graphical Analysis

1. Use Graphical Analysis to plot a graph of ln vapor pressure versus 1/temperature in K-1. This graph should have labeled axes with units.

2. Type in the data from your data table, calculator lists, or import L3 and L5 using the TI-Graph Link cable.

3. Be sure to cut off the connecting line option under the Graph menu. 

4. Show the linear regression line through your data with the slope, y-intercept, and correlation factor.

5. Use Regression line under the Analyze menu (not the Auto Fit). Attach your graph to the report.

6. Expand the graph so it fills the screen. Print only the graph and print the graph down the

page.

These CBL directions were modified from Experiment 10 in Chemistry with CBL by Holmquist, Randall, and Volz from Vernier Software 1995.

Vapor Pressure of Liquids

Name: ______________________________________________ Period:_________

Lab Partner: _________________________________________ Date: ___________

Data Table

Attach the Graphical Analysis graph of ln vapor pressure versus 1/temperature in K-1to the lab report.

	Sample No.
	Temperature

(oC)
	Total Pressure (Air + Vapor)

 (atm.)
	Pressure of Air (atm.)
	Vapor Pressure (atm.)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	


	Vapor Pressure (atm.)
	Ln (Vapor Pressure)
	Temperature (oC)
	Temperature (K)
	1/Temperature (K-1)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	Slope of the regression line
	

	Y-intercept
	

	Correlation factor
	

	Experimental value for (Hvap
	                                                 kJ/ mol

	Accepted value for (Hvap
	                                                 kJ/mol

	Percent error
	




Calculations:

Questions:

1. On a molecular level, explain the relationship between vapor pressure and temperature.

2. If the methanol completely evaporated, would the experimental value for the vapor pressure be

    too high or too low? Explain.

3. Is the vapor pressure of a liquid at a given temperature dependent on the size of the container?

    Explain.
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