Boyle’s Law: Pressure-Volume Relationship in Gases

Name:___________________________________ PERIOD:_____________

Prelab
1. On the graph below, plot the relationship PV= 10 using integer values of V from 1 to

    10. Label the scale on the axes and record the values in the table.

	
	
	
	
	
	
	
	
	
	
	
	
	
	P
	V

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	4

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	7

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	8

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	9

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	10

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



In chemistry, this graph is termed an inverse relationship. 

2. On the graph below, plot the relationship 

 using integer values of V from 1 to 

    10. Label the scale on the axes and record the values in the table.
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In chemistry, this graph is is termed a direct or linear  relationship. 

3. If the function PV=100 were plotted,


a. how would the shape of the graph compare to that in number 1?


b. how would the position of the graph on the axes compare to that in number 1?

4. You have 10 molecules of gas in container A. The size of container A is reduced by one-half to give “B”, then reduced by one-half again to give “C”.




If this process is repeated ten times and the data is graphed, what type of relationship would you expect to see in a graph of P versus V?

Make a hypothesis for the relationship between the pressure and volume of a gas.

Hypothesis:

Boyle’s Law: Pressure-Volume Relationship in Gases

The primary objective of this experiment is to determine the relationship between the pressure and volume of a confined gas. The gas we use will be air, and it will be confined in a syringe connected to a pressure sensor (see Figure 1). When the volume of the syringe is changed by moving the piston, a change in the pressure exerted by the confined gas results. This pressure change will be monitored using a pressure sensor interfaced to a CBL. It is assumed that temperature will be constant throughout the experiment. Pressure and volume data pairs will be collected during this experiment and then analyzed. From the data and graph, you should be able to determine the mathematical relationship that exist between the pressure and volume of the confined gas. Historically, this relationship was first established by Robert Boyle in 1662 and has since been known as Boyle’s law.
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Figure 1

Procedure:

1. Prepare the pressure sensor.

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

b. Attach the 20-mL syringe to the valve of the Pressure Sensor as shown in Figure 1.

c. Connect the CBL System to the TI-83/83+ calculator using the link cable. Be sure it is firmly plugged in at both ends. Attach the AC adapter to the CBL.

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. To collect pressure versus volume data:

a. It is best for one person to take care of the gas syringe and for another to operate the calculator.

b. Open the syringe to the atmosphere by turning the blue knob away from the syringe (so the arrow points toward black interface box). Move the piston so that the front edge of the black ring is lined up with the 20mL line on the syringe. Turn the blue knob to the position shown in Figure 1 so the side arm is closed and the syringe is open to the pressure sensor.

5.
Set up the calculator and CBL for data collection.

a. Select COLLECT DATA from the MAIN MENU. Press [ENTER].
b. Select TRIGGER/PROMPT from the DATA COLLECTION menu. Press [ENTER].
c. When the pressure reading has stabilized, press [TRIGGER] on the CBL. When prompted to “Enter Value”, type in the volume reading at the front edge of the black ring (20 ml for the first point). Press the [ENTER] key to store this pressure-volume data pair. 
6.
Select MORE DATA from the DATA COLLECTION menu to collect another data pair. Move the piston to 18.0, when the pressure reading has stabilized, press [TRIGGER] on the CBL. Type the gas volume (in mL) on the calculator. Press the [ENTER] key to store this pressure-volume data pair.  Repeat for volumes of 16.0, 15.0, 12.0, 10, 8.0, 6.0 and 5.0mL.

7.
Select STOP AND GRAPH from the DATA COLLECTION menu when you have finished collecting data. Use right arrow key to examine the data points along the displayed graph of pressure vs. volume. As you move the cursor right or left, the volume (X) and pressure (Y) values of each data point are displayed below the graph.

8.  Press [ENTER] to exit the graph.
9. Select NO, which returns you to the Main Menu. Press [ENTER]. Select Quit. Press [ENTER].
Analyzing the DATA 

Your task in this investigation is to describe the relationship and devise an equation for calculating the pressure of a specific volume of gas assuming that the temperature does not change.  The volume data is in L1 and the pressure data is in L2.   

1. Press MODE.

2. Highlight NORMAL. Press [ENTER].
3. Highlight 3 for the number of decimal places. Press [ENTER]. 

4. Press [QUIT] to return to the main screen.

Method of Analysis 1

1.
From your graph, is pressure versus volume a linear relationship? If not, to see if an inverse relationship exists between pressure and volume, a graph of pressure vs. reciprocal of volume (1/volume or volume-1) should be plotted. To do this using your TI-83/83+ calculator, it is necessary to create a new data list, the reciprocal of original volume data.
a. To clear any previous regression equation and curve, press [Y=] and [CLEAR]. Press  [QUIT], then press [CLEAR] to clear the calculator screen.

b. Create a list of 1/volume values in L3 by pressing [STAT] Select EDIT and press [ENTER]. Highlight the column heading of L3 and press [L1] [X-1] and [ENTER]. L1 is volume, L2 is pressure, and L3 is 1/volume. Record these values in the data table.

c. To plot a graph of pressure vs. 1/volume, press [STATPLOT], 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), enter Xlist = L3 Ylist = L2 and Mark = square.

d. Press [GRAPH] , then [ZOOM], select  ZoomStat and press [ENTER].
2.
Follow this procedure to calculate and display a linear regression line on your graph of pressure vs. 1/volume:

a. Press [STAT]. Arrow right to display the CALC menu. Select LinReg(ax+b).
b. To identify the lists that correspond to the two variables, press [L3] [,] [L2]. Press [ENTER].The statistics are displayed for the equation in the form:

y = ax + b



where x is 1/volume, y is pressure, a is a proportionality constant ( the slope of the 
line), and b is the y-intercept, and r is the correlation factor.  The closer the absolute 
value of r  is to one the better the data correlates to 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.

c. To display a best-fit regression line on the graph of pressure vs. 1/volume, first press [Y=], then [VARS]. Select STATISTICS, then press the right arrow key 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 pressure vs. 1/volume with a best-fit regression line.


If the relationship between P and V is an inverse relationship, the plot of P versus 1/V should be linear and pass through (or near) the origin. Examine your graph to see if this is true for your data.  Write an equation for this line.

Method of Analysis 2 

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

2. To plot a graph of pressure vs. volume, 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. Continue with step 3a below.

3.
Based on the graph of pressure vs. volume, decide what kind of mathematical relationship you think exists between these two variables, direct or inverse. To see if you made the right choice: 

a. Press [GRAPH], then [ZOOM], select ZoomStat and press [ENTER] to see the graph.

b. Press [STAT] and arrow right to display the CALC menu. Use the down-arrow key to scroll down the menu and select PwrReg. Press [ENTER].
c. Press [L1] [,] [L2] [ENTER].  The power-regression statistics for these two lists are displayed for the equation in the form: 

y = a*x^b.


where x is volume, y is pressure, a is a proportionality constant, and b is the exponent of x (volume) in this equation.  Note:  The relationship between pressure and volume can be determined from the value and sign of the exponent, b. The closer b is to -1, the better the data fit an inverse relationship. An inverse relationship may be expressed in several forms. Here it is expressed as y=ax-1. This is mathematically equivalent to y=a/x which indicates an inverse relationship since y decreases if x increases. This is also mathematically equivalent to yx=a which indicates an inverse relationship since y must decrease if x increases if the product of y times x is a constant.

   The closer the absolute value of r, the correlation factor, is to one the better the data fit the power function above.  Record these values in the data table.

d. To display the power-regression curve on the graph of pressure vs. volume, first press [Y=]. Press [CLEAR] to clear the Y1= equation, then press [VARS]. Select STATISTICS and press the right arrow key to display the EQ menu. Select RegEQ to copy the power regression equation to Y1=. 

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

f. Press [GRAPH] to plot pressure vs. volume with the power-regression curve for your data.  If you have correctly determined the mathematical relationship, the power regression line should very nearly fit the points on the graph (that is, pass through or near the plotted points).

g. Write an equation for the determining of the volume of a gas given the pressure at a constant temperature.

To Store Data as a Program and automatically write to lists when program is run.
You will want to store L1 (volume), L2 (pressure), and L3 (1/volume) for use in analyzing the data later and to have the data available to transfer to Graphical Analysis.

1. Assume the data that you want to store is in a list or several lists in STAT on your calculator.  For this example assume data is in list L1.

2. Press [PRGM] on the calculator.

3. Arrow over to NEW.  Select Create New.  Press [ENTER].
4. In put a name that you will remember later.  The first character must to be a letter and the name can only have 8 characters.  Press [ENTER].
5. Press [RCL] [L1].  

(L1 is the location of the list you want to store.) This command shows at the bottom 
of the calculator screen.  When you press ENTER the list of entries in L1 are 
displayed.  Do not press another ENTER.

6. Press [STO] [L1] followed by [ENTER]. This command names the list that the data will be written to when the program is run.

7. Press [ENTER] and repeat steps 5 and 6 for each list you want to store, modifying

step 5 and 6 to store each list in a different location ( i.e. L2 and L3).

8. Press [QUIT] to leave the programming mode.

The CBL directions were modified from Experiment  6 in Chemistry with CBL by Holmquist, Randall, and Volz from Vernier Software 1995.
Boyle’s Law:  Pressure-Volume Relationship in Gases

Name: _________________________________________ Period:_________

Lab Partner: _____________________________________ Date: __________

Data Table

Attach graphs to the report sheet.

	Volume

(ml)

  
	Pressure

(atm)
	1/Volume

(ml-1)
	 Pressure x Volume

 ( ml x atm )


	  Pressure/Volume

  ( atm/ ml )

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Using Method of Analysis 1, write an equation for your graph:  

a = ____     b = ____    r= ____  Pressure and volume are (directly, inversely) related.

Using Method of Analysis 2, write an equation for your graph:  

a = ____     b = ____    r= ____  Pressure and volume are (directly, inversely) related.

Follow-Up Questions

1.
One way to determine if a relationship is inverse or direct is to find a proportionality constant, k, from the data. For a direct relationship , P/V = k. For an inverse relationship, PxV = k.  Calculate k for the seven ordered pairs in your data table for both types of relationships.  Show the answers in the fourth and fifth columns of the data table.

a. Pressure times volume can be generated in L4 by pressing [STAT]. Select EDIT and press [ENTER]. Highlight the column heading L4 and press [L1] [x] [L2] and [ENTER]. L4 is pressure times volume. Record the values in the data table.

b. Pressure/ volume can be generated in L5 by one of two methods:


 Press [STAT]. Select EDIT and press [ENTER]

Highlight the column heading L5 and press [L2] [(] [L1] and [ENTER].

Highlight the column heading L5 and press [L2] [x] [L3] and [ENTER]..
L5 is pressure/ volume. Record the values in the data table.

2. For which column (P/V or PxV), were the values relatively constant? Good data may show some minor variation, but the values for k should be relatively constant. Is the relationship between pressure and volume direct or inverse?

3.
Using P, V, and k, write an equation representing Boyle’s law. Write a verbal statement that correctly expresses Boyle’s law. 

4.
If the volume is doubled from 5.0 mL to 10.0 mL, what does your data show happens to the pressure? 

5.
If the volume is halved from 20.0 mL to 10.0 mL, what does your data show happens to the pressure? 

6.
If the volume is tripled from 5.0 mL to 15.0 mL, what does your data show happened to the pressure? 

7.
From your answers to the first three questions and the shape of the curve in the plot of pressure versus volume, do you think the relationship between the pressure and volume of a confined gas is direct or inverse?  Explain your answer. 

8.
Based on your data, what pressure (in atm) would you expect if the volume of the syringe was increased to 40.0 mL. Explain or show work to support your answer.

9.
Based on your data, what pressure (in atm) would you expect if the volume of the syringe was decreased to 2.5 mL. Explain or show work to support your answer.

10.
What experimental factors are assumed to be constant in this experiment? 
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