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Introduction:

Gas is a fundamental state of matter that is difficult to observe directly. But gases can be characterized by its physical properties: pressure, volume, temperature, and amount of particles. Scientists, such as Robert Boyle, Jacques Charles, John Dalton, Joseph Gay-Lussac and Amedeo Avogadro, have observed the four properties of gases and have established laws that describe the behaviour of gases. Their works eventually led to the Ideal Gas Law, which is an equation that describes the state of gas particles determined by pressure, volume and temperature.
PV=nRT
In the equation, P represents pressure, V represents volume, n represents amount of moles of gas particles, R represents the universal gas constant and T represents the temperature.

Robert Boyle was an Anglo-Irish chemist who is best known for his work on observation of the relationship between pressure and volume of gases. He discovered that pressure is inversely proportional to volume in gases. This is called Boyle’s Law and the more accurate statement of the law is:
“For a fixed mass of gas at constant temperature, the volume is inversely proportional to the pressure.”
This means that given the temperature is kept constant, the pressure of gas would increase when the volume of the container is decreased and pressure would decrease when volume is increased. The equation that represents this relationship is:
PV=k
In the equation, P represents pressure, V represents volume and k represents a constant.
Another equation that represents Boyle’s Law is:
P1V1=P2V2

The purpose of this experiment is to verify Boyle’s Law and observe the relationship between pressure and volume. The independent variable is volume and the dependent variable is pressure as pressure is being measured while the volume is manipulated.





Procedure

As described in the lab manual (Ref). The procedure described in the lab manual was followed and repeated twice for two trials. Besides, the unit for volume used in this report is liters (L) instead of milliliters (mL).


Observations

Table 1: Volume and Pressure of Air
	Volume (in L)
	Pressure (in kPa)
[Trial #1]
	Pressure (in kPa)
[Trial #2]

	0.0028
	24.33
	20.03

	0.0048
	14.61
	10.39

	0.0068
	9.73
	8.10

	0.0088
	8.25
	6.23

	0.0108
	6.72
	5.38

	0.0128
	5.90
	4.79

	0.0148
	5.37
	4.34

	0.0168
	4.84
	4.06

	0.0188
	4.60
	3.78

	0.0208
	4.24
	3.55







Graphs

Figure 1. Plot of Pressure of Air as a Function of the Reciprocal of Volume in Trial 1
[image: Screen Shot 2017-09-18 at 9.18.43 PM.png]

Figure 2. Plot of Pressure of Air as a Function of the Reciprocal of Volume in Trial 2
[image: Screen Shot 2017-09-18 at 9.19.05 PM.png]

Calculations

a) PV= k [Boyle’s Law]
    P = 
    P = k()
Let x =  and f(x) = P
    f(x) = kx
Remember equation of a line:
    y = mx + b, where the slope is represented by m
∴ It can be stated that for the equation f(x) = kx, k represents the slope of the function.
Therefore, the slope of the graph is the Boyle’s Law constant.

b) Calculating slope in Figure 1:
Two points that lie on the line of best fit are-
Point a: (42.4, 3.77)
Point b: (114, 8.25)
We know,
m = 
m = 
m = 0.063
∴ k = 0.063

c) Calculating slope in Figure 2:
Two points that lie on the line of best fit are-
Point a: (49.9, 3.4)
Point b: (212.2, 11.8)
We know,
m = 
m = 
m = 0.052
∴ k = 0.052

d) Average of the k values found in the two graphs:
kavg = 
kavg  = 
kavg = 0.058
[bookmark: _GoBack]
Discussion

The relationship between volume and pressure of air was tested by increasing the volume of air and observing its effect on the pressure. The experiment was conducted under a consistent room temperature in a closed system in order to keep other variables, that might have an effect on the data, under control. The initial volume was 0.0028 L or 2.8 mL and it was increased by 0.0020 L each time up till 0.0208 L. Ten different amounts of volume were tested for measuring the pressure so that the effect of volume change on pressure can be more clearly and accurately understood. According to the data collected in Table 1, it was observed that the pressure of air decreased as the volume kept increasing. This relationship between pressure and volume was consistent thro	ughout both Trials 1 and 2. For example, in Trial 1, the pressure was 24.33 kPa when the volume was 0.0028 L, 6.72 kPa when the volume was 0.0108 L and 4.24 kPa when the volume was 0.0208 L. Similarly in Trial 2, the pressure was 20.03 when volume was 0.0028 L, 5.38 kPa for 0.0108 L and 3.55 kPa for 0.0208 L. This is in accordance to Boyle’s Law, which states that pressure would decrease as volume increases and vice versa. In other words, pressure and volume were inversely proportional to each other. Since these two variables were proportional, there must be a constant. In Boyle’s Law, k represents the constant. The two graphs in Figures 1 and 2 were used to find Boyle’s Law constant.

Figures 1 and 2 show pressure as a function of the reciprocal of volume. This relationship was demonstrated to be close to a linear function, which made finding the constant very convenient as the slope of the line of best fit was the Boyle’s Law constant [Refer to part a in Calculations]. In Figure 1, the slope was 0.063 and in Figure 2, it was 0.052. The software, Logger Pro, automatically calculated the slope of each graph. However, to ensure the accuracy, two points, that lie on the line itself, were taken from each graph to find the slope [Refer to parts b and c in Calculations]. The average of the two slopes was taken to find one Boyle’s Law constant in this experiment and it was 0.058 [Refer to part d in Calculations].

There were sources of error in this experiment as evident by the two different k values for the trials as well as the two graphs where the points did not form a perfect line. Some errors were experimental and some were common human errors. Boyle’s Law works perfectly only if other variables are kept unchanged. Even though the experiment was conducted in room temperature, trivial fluctuations in temperature might occur every now and then. This might have some effect on the measurement of pressure. Another source of error might be that the volumes were not up to the exact amount. Pulling the plunger of the syringe could get a little hard sometimes and that could have caused the plunger to not be at the exact mark of volume readings. A possible source of error might be the imprecise timing of recording the pressure at its volume level. This is an inevitable human error that can occur in any experiment. 


Conclusion

The findings show that pressure is inversely proportional to volume. The Boyle’s Law constant in Trial 1 was 0.063 and that in Trial 2 was 0.052. The average constant was 0.058. Therefore, it can be stated the experiment has successfully verified Boyle’s Law.
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