BOYLE’S LAW LAB

The Relationship of Pressure to Volume for a Gas
Purpose:
To determine the relationship between volume and pressure on a gas.  This investigation was first done by Robert Boyle and his assistant Robert Hooke in 1661.

Procedure:
Copy the data chart below into your lab book.  ALL DATA MUST BE IN YOUR LAB REPORT.

The other pieces of data are:

Text Name: _________

Mass of one text:____________g

Diameter of syringe barrel________cm

	# of Texts 


	Trial One

Volume

(ml)


	Trial Two Volume (ml)


	Trial Three Volume (ml)


	Average Volume

(ml)



	0


	
	
	
	

	1


	
	
	
	

	2


	
	
	
	

	3


	
	
	
	

	4


	
	
	
	

	5


	
	
	
	



SET THE SYRINGE TO ZERO BEFORE EACH TRIAL

1.
With ZERO texts on the plunger, record the volume of air in the syringe.

2.
Carefully balance texts, one at a time on the plunger.  Place texts gently- DO       
NOT slam them down.  YOU NEED TO SUPPORT THE TEXTS FROM THE 
SIDE.  DO NOT LIFT UP ON THE PILE OF TEXTS, JUST SUPPORT FROM 
THE SIDE.  As each text is added, record the volume of air.  Add 5 texts total.

3.
Remove all texts and repeat the process two more times.

4.
Weigh a single text and record the mass and name of the text.

Calculations:
1. 
From the diameter of the barrel of the syringe, calculate the cross-sectional area 
of  the barrel in square meters ( m2).  (Be careful of the units. )
2.
Using the definitions of pressure as given in the text,  we are interested in 
converting the mass of the texts to a force unit and then to a pressure unit. The 
simplest  conversion is into N, Newtons. One  Newton equals  one Kg m/ s2.  
Using the equation F = ma to determine the gravitational , and using the value for 
a (acceleration) due to gravity as 9.8 m/s2 we will determine the pressure.


Display the following calculations in table below.  (Copy the table into your lab 
book.) (Keep SF in mind when doing the calculations.)

	#


	(a)

Mass (kg)


	(b)

Force (N) 


	(c) 

Pressure (Pa)


	(d)

Pressure (kPa)



	0


	
	
	
	

	1


	
	
	
	

	2


	
	
	
	

	3


	
	
	
	

	4


	
	
	
	

	5


	
	
	
	


(a) 
Convert the mass of  texts into Kg.

(b) 
Use F = ma to convert from mass (in kg)  to force (in N) by multiplying the mass 
by 9.8 m/s2.  

(c) 
Convert from force (in N) to Pressure (in Pa) by dividing the force by the cross 

sectional area (in m2)

(d) 
Pressure is often expressed in a less unwieldy unit, kilopascals, kPa. 

3.
To Graphically determine the relationship between pressure and volume, we will 
try to find a linear relation.  We will graph a direct relation and an inverse relation 
and see which works best.


You will make graphs of the data in your lab book.

Guidelines for the graphs


*
Label each axis with name and unit


*
Choose an appropriate scale so that the graph fills most of the 


space available


*
Always use “best fit lines,” never connect-a-dot lines, for linear lines 

always use a ruler, for  non linear curves neatly draw the best fit line.

Before graphing, copy and complete the following chart:

	#


	Average Volume

(ml)


	1/volume

(ml-1)


	Pressure

(kPa)



	0


	
	
	

	1


	
	
	

	2


	
	
	

	3


	
	
	

	4


	
	
	

	5


	
	
	


Graph #1:
In the top half of a fresh sheet of your lab book graph you will will make a graph of volume vs pressure.  On the y- axis, label “Volume ( ml)”.  On the x-axis label “Pressure (kPa)”.

Graph the data points.  IThe graph is not linear, draw  a  freehand best fit curve.

Graph #2:
On the RIGHT  half of another sheet of your lab book,  make a graph of 1/volume vs pressure.  (You will be extending the X-axis and so it is important to leave room to the left of your graph to do so.)

On the y- axis, label “1/Volume ( ml-1)”.  On the x-axis label “Pressure (kPa)”.

Graph the data points.  If the relation is linear, draw the line with a ruler.  If is not linear, draw the best fit line.

Of course there really was pressure on the plunger even when there were no books on the plunger because of the atmosphere.  (Since we used the copper wire we adjusted the pressure inside the syringe so that it was equal to the pressure outside the syringe or Atmospheric pressure.)  On  graph two, find the value of the x-intercept by extending the line back through the y-axis until it hits the x-axis.  (This is why the graph was drawn only in the right half of the sheet-you should have space to find the x intercept.) This will help us determine the value of the atmospheric pressure. 

Draw a new y-axis above the extrapolated (new) x-intercept.  This is the correct location for the y-axis since it is above the actual zero value for x.  Find the value for the  distance between the old and new x-axis.  That value is equal to the value of atmospheric pressure.   Label that on your diagram.

Analysis:
1.  
Find the equation of the line,  using the  NEW  x-axis.  (Remember that the 
formula for a line is y = mx+b and that the y-axis is (1/ V) and the x axis is (P)  and 
that b for this line is zero, since it goes through the origin.  You will need to find the value 
for “m” from the graph.)  Be careful with units when you determine 
the 
value of the 
slope “m”.

2. 
Rearrange the equation for the line  so that  V and P are on the same side of the equal 
sign.  (Rearrange the equation to the form PV=k and find the value for k with units)

3. 
Recall that  the slope of the line is a constant for your set of conditions.  Name two 
factors that would have changed the value for the slope.

4.  
The relationship between P and V  is known as Boyle’s Law and is often 


expressed:       PV= k  where k is a constant.  


(a) 
Using YOUR value for k and remembering that pressure is the sum of the 


books and atmospheric pressure , what would be the volume of gas if the 


pressure on the gas if you had, had 6 books pressing on the plunger?


(b)  
Using YOUR value for k and remembering that pressure is the sum of the 


books and atmospheric pressure, what would be the pressure on the  gas 

if the volume of the gas was 37 ml?  

5.  
We correctly converted from number (mass) of texts to pressure so that we  used the same terms that Boyle had used.  If you had graphed # of books on the x-axis instead of  P would the shape of the line have changed? Would the slope of the   line have changed? Why or why not? 
NOTE:


Watch the Demonstration of how to set the Syringe to Zero using the piece of Copper Wire.  Use that technique for each trial before Step 1.  (Setting the syringe to zero will ensure that the initial pressure in the syringe will be equal to atmospheric pressure.)











