


Introduction: 
In this experiment, we will be confirming the laws discovered by Charles and Boyle. Charles’ Law states that when the pressure and moles of a substance are kept constant, then the volume and temperature will be directly proportional. In other words, an increase in temperature will result in an increase in volume and a decrease in temperature will result in a decrease in volume. The equation that goes with this is V/T=k, where V is volume, T is temperature in Kelvin, and k is the constant. The equation is also sometimes written as V1/T1=V2/T2. Boyle’s Law on the other hand states that when the temperature and moles of a substance are kept constant then volume and pressure will be inversely proportional. In other words, an increase in volume means a decrease in pressure and a decrease in volume means an increase in pressure. The equation that goes with this is PV=k, where P is pressure, V is volume, and k is the constant. The equation can also be written as P1V1=P2V2. 
Procedure
Charles Law
*Procedure is as described in the lab manual (DO I DARE DISTURB THE 
UNIVERSE? -T.S Elliot)*

Boyle’s Law
1. Don safety goggles and lab coat 
2. Gather apparatus
3. Connect the Gas Pressure Sensor to LabQuest 2
4. Set up LabQuest’s 2-data collection mode
5. Fill syringe with 4.0mL of air and connect it to Gas Pressure Sensor, do a half-turn to lock it into place
6. Record the pressure at 4.0mL into the observation table for the first trial
7. Increase the volume of air in the syringe by 2.0mL 
8. Record the new pressure of that volume in its appropriate spot on the observation table
9. Repeat steps 4 and 5 until the volume of air in the syringe reaches 18mL for the first trial
10. Repeat steps 4-6 for trials 2 and 3 
11. Save the data from the LabQuest unto USB


Data and Observations/ Results: 
Charles’ Law
	
	Initial Temperature (oC)
	Final Temperature (oC)
	V1 (mL)
	VCW (mL)
	V2 (mL)            = V1-VCW

	Trial 1
	6.0
	3.5
	152.3
	61.5
	152.3 - 61.5 = 90.8

	Trial 2
	6.0
	4.5
	151.0
	61.0
	90.0


Calculations
Average T1 = (Trial T1 + Trial 2 T1) / 2 = 6.0oC
Average T2 = 4.0oC
Average V1 = 151.65mL
Average VCW = 61.25mL
Average V2 = 90.4mL
Percent Error 
= ((V1/T1) – (V2/T2)) / (V1/T1) * 100%
= ((151.65mL/6.0oC) – (90.4mL/4.0oC)) / (151.65mL/6.0oC) * 100%
= 11%

Boyle’s Law
	Initial Volume (mL)
	Trial 1 Pressure (kPa)
	Trial 2 Pressure (kPa)
	Trial 3 Pressure (kPa)

	4
	101.25
	100.46
	101.19

	6
	69.73
	68.92
	67.68

	8
	54.48
	52.61
	51.97

	10
	43.01
	42.61
	41.76

	12
	36.24
	35.45
	35.20

	14
	31.40
	30.51
	30.24

	16
	27.65
	27.21
	26.70

	18
	24.96
	24.55
	23.91


Calculations
1. Boyle’s Constant
	Volume (mL)
	Trial 1 Constants (kPa*mL)
	Trial 2 Constants (kPa/mL)
	Trial 3 Constants (kPa/mL)

	4
	PV=k
(101.25kPa)(4mL)
= 405
	401.84
	404.76

	6
	418.38
	413.52
	406.08

	8
	435.84
	420.88
	415.76

	10
	430.1
	426.1
	417.6

	12
	434.88
	425.4
	422.4

	14
	439.6
	427.14
	423.36

	16
	442.4
	435.36
	427.2

	18
	449.28
	441.9
	430.38


Average Boyle’s Constant = (10195.16kPa*mL)/24 = 424.8kPa*mL
2. Boyle’s law as illustrated in the data above proves that as volume increases, pressure decreases if the amount in moles and temperature are kept constant. PV=k is used to calculate the constant. As determined above k=424.8kPa, therefore the equation would be PV=424.8kPa.
3. It is crucial to take multiple readings of the dependent variable (in this case pressure) for each independent variable (volume in this case). This is because it increases accuracy and correct information. If only one reading is taken, there is a chance that it could be the incorrect one or one out of many variations of the same condition. If multiple readings of the dependent variable are taken for an independent variable and the answer are all the same, then there is a higher chance that it is correct than if only one reading was taken.
4. The conditions needed to be met for Boyle’s law are for the temperature and amount of substance in moles to be kept constant. While conducting this experiment, these required conditions were taken into consideration. To ensure that these variables were kept constant, the experiment was done in a room that was kept at room temperature and the syringe was turned half way to prevent the gas from escaping. If these variables are not kept constant it would be a source of error and would change the results.  



5. Graphical Representations of the above data are shown below
[image: ]Figure 1: Graphical representation of trial 1 data.

[image: ] Figure 2: Graphical representation of trial 2 data.
[image: ]
Figure 3: Graphical representation of trial 3 data.

Discussion
This experiment confirmed both Charles’ Law and Boyle’s Law. The data collected shows that an increase in temperature corresponds to an increase in volume and vice versa. The data collected for Boyle shows that an increase in volume corresponded to a decrease in pressure and vice versa. However, Boyle stated that increasing or decreasing volume at constant increments would change pressure in the opposite direction but also at constant increments. Graphically, this would be a straight line. However, all the graphs made from the data for this experiment are curves. This is due to various sources of errors that was present. The syringe that was used to measure the volume could not have successfully kept moles of the substance inside constant. It is possible for the gas molecules in the syringe to have escaped through the small openings in the syringe such as the connection between the syringe and the gas sensor. In addition, the gas sensor may not have been recently calibrated and as a result give inaccurate answers. For the data to be more accurate, more secure equipment should be used that can guarantee that gas molecules cannot escape, and the gas sensor would have to be calibrated as close to the experiment date as possible.
Conclusion
In conclusion, volume is indirectly proportional to temperature proving Charles to be correct. Pressure is directly proportional to volume proving Boyle right. Both of these scientists were correct in their theory.
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