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Introduction

	Gases are a state of matter in which its molecules has a lower attraction between themselves, resulting in its molecules moving far apart from each other. Gases has a lower density than solids and liquids, which makes it easier to be compressed than the other two state. They also take the shape and volume if whichever containers they are in. Gas have their own unique behavior depending on a variety of variables; temperature, pressure and volume. (https://www.thoughtco.com/gases-study-guide-607536)
     Charles’s law shows the behaviour of gas’s volume in relation to temperature (V1T1=V2T2). They tend to expand in warmer temperatures and contract in cooler temperature. When pressure on a sample of a dry gas is held constant and the amount of gas(n) stays constant, then the statement which states temperature and the volume will me directly proportional is true. (https://en.wikipedia.org/wiki/Charles%27s_law) 
     Boyle’s law shows the behaviour of gas’s volume in relation with pressure (P1V1=P2V2).
When volume increases then pressure decreases and vice versa. Boyle’s law could also be written as PV=K, pressure multiplied by volume equals some constant K. when comparing two different set of conditions, the K of  gas holds as long as the temperature is constant. When the temperature and amount of gas remain constant then the pressure of an ideal gas is inverse proportional. (https://en.wikipedia.org/wiki/Boyle%27s_law) 
     During the experiment, we will try to use the right lab equipments, formulas and graphs to show: the relationship between volume and temperature when the amount of gas and pressure stay constant in Charles’s law; and the relationship between volume and pressure  when temperature and mol of gas must stay constant in Boyle’s law. 

Procedure
Charles Law: Refer to lab manual (Dr. Rashmi venkateswaran, Do I Dare Disturb The Universe, Experiment 1, p.8-10. 2018.)
Boyle’s law: Refer to lab manual (Dr. Rashmi venkateswaran, Do I Dare Disturb The Universe, Experiment 1, p.8-10. 2018.)
1. Connect the syringe (pull plunger of syringe to 20 ml) to a sensor which is connected to the LabQuest
2. Push plunger to the first spot, (18 ml) hold and record the pressure.
3. Repeat for the other spots; 16 ml, 14 ml, 12 ml, 10 ml, 8 ml, 6 ml, 4 ml, 2 ml.
4. Find the slope of the graph using the data y=mx + b
During both section of this lab, a lab coat and goggles were wore.

Observations

Charles’ Law : When conducting the experiment we noticed that as the water in the large beaker got closer to the boiling point of 100 degrees or 373.15kpa, the vapor gas in the flask also approaches 373.15kpa approaches 373.15K  also. The next thing we noticed was when the flash was submerged in the ice bath the water entered the flask it took roughly 5 minutes for the flask and ice bath to reach equilibrium. 
Boyle’s Law : For this experiment we observed that we as we decreased the volume of the syringe, the pressure would increase until we reached the mass kpa of the syringe which was 225.52kpa


Results

Table 1: Charles' Law Trial 1

	Temperature 1 (K)
	373

	Temperature 2 (K)
	278

	Volume cw (mL)
	39

	Volume 1 (mL)
	150

	Volume 2 (mL)
	111



Calculations for V2
V2 = V1 - Vcw               V1 = 150ml            Vcw = 39ml
V2 = 150 - 39
V2 = 111ml
Table 2: Charles’ Law Trial 2

	Temperature 1 (K)
	 373

	Temperature 2 (K)
	278

	Volume cw (mL)
	29

	Volume 1 (mL)
	150

	Volume 2 (mL)
	121



Calculations for V2
V2 = V1 - Vcw               V1 = 150 ml            Vcw = 29 ml
V2 = 150 - 29
V2 = 121 ml
Average Value For Trial 1 and 2
T1 (373) , T2(278) and V1 (150) are the same in both trials.
1. Trial 1 Vcw  + Trial 2 Vcw  / 2  =  Average Value of Vcw  
( 39 + 29/2 ) = 34
	Average Value of Vcw = 34ml
     2.  Trial 1 V2 + Trial 2 V2  / 2 = Average Value of V2 
	( 111 + 121/2) = 116
	Average Value of V2 = 116ml
Calculation of Percent error in Trial 1 (Volume changed from ml to L)
	% error = V1T1-V2T2V1T1100% 	% 
T1 = 373 K T2 =278 K V1 = 0.150 L V2 = 0.111 L
	% error = 0.150373-0.1112780.150373100% 
% error = 0.000402 - 0.000399/ 0.000402 = 0.00746 x 100
 % error = 0.746%
Calculation of Percent error Trial 2 (Volume changed from ml to L)
% error = V1T1-V2T2V1T1100% 	%
V1 =0.150 L V2 = 0.121 L T1 = 373 K T2 = 278 K
% error = 0.150373-0.1212780.150278100% 	
% error = 0.000402 - 0.000435/ 0.000402 = -0.0821 x 100
% error = 8.21%

Calculation of Percent error using average value ( Volume changed from ml to L)
	% error = V1T1-V2T2V1T1100% 
V1 = 0.150 L  V2  = 0.116 L  T1 = 373.15 K T2 = 278K
            % error = 0.150373-0.1162780.150373.15100% 
%error = 0.000402 - 0.000417/ 0.000402 = - 0.0373 x 100
% error = 3.73%
· Trial 1 has the lowest percent error with 0.746% while Trial 2 has the highest percent error with 8.21%.

Discussion
		Jacques Alexandre Charles observed how gases contract when cooled and and expand when heat is applied. Charles noticed however that when gases expanded and contracted at a fixed pressure it was relative to the amount of temperature changed. We can verify Charles law with the data collected by looking at trial 1, because it proves that if the temperature for the gas decreases, the volume will also decrease in sync to the amount of temperature decreased. For example the temperature in trial 1 dropped 373 K to 278 K and the volume also dropped from 0.150 L to 0.111L . This relation can also be verified when calculating volume 1 divided by temperature 1, and volume 2 divided by temperature 2,  we obtain two values that are nearly close together, 0.000402  and 0.000399, proving the volume decreases in relation to the amount of temperature decreased. However we do have a percent error of 0.746% which is not exact zero but still a very low number that could be caused through something minor. For example, the quantitative data may not have been recorded to the perfect amount, which is to be expected. What we do notice in trial 2 however is a much larger percent error of 8.21% , the reason for this would have been from something much more significant , such as the stopper not being completely closed,  or any other possibility that would result in gas escaping the flask. This would make sense since there was less time to perform trial 2, making it difficult to do the experiment as accurate as hoped for. Unfortunately this also made the average value of both trials less precise as expected, but regardless the data from all trials still supported Charles law by proving that if the temperature of the gas decreases the volume will as well.
Boyle’s law
Trial 1
	Volume (l) x Pressure (kpa)
	Constant (K)

	0.0208 x 100.26
	2.085

	0.0188 x 110.72
	2.082

	0.0168 x 123.94
	2.082

	0.0148 x 142.08
	2.103

	0.0128 x 164.88
	2.110

	0.0108 x 196.02
	2.117

	0.088 x 225.52
	1.985

	0.068 x 225.52
	1.534


K1 (2.0854+2.0815+2.0821+2.1028+2.1104+2.1170+1.9845+1.5335)/8 = 2.01215
Trial 2
	Volume (l) x Pressure (kpa)
	Constant (K)

	0.0208 x 100.30
	2.086

	0.0188 x 112.52
	2.115

	0.0168 x 126.14
	2.119

	0.0148 x 142.98
	2.100

	0.0128 x 164.09
	2.100

	0.0108 x 198.27
	2.141

	0.0088 x 225.52
	1.985

	0.0068 x 225.52
	1.533



K2 (2.086+2.115+2.119+2.100+2.100+2.141+1.985+1.533)/8 = 2.022

Trial 3

	Volume (l) x Pressure (kpa)
	Constant (K)

	0.0208 x 100.97
	2.100

	0.0188 x 111.30
	2.092

	0.0168 x 127.20
	2.137

	0.0148 x 143.27
	2.120

	0.0128 x 164.56
	2.106

	0.0108 x 198.02
	2.139

	0.0088 x 225.52
	1.985

	0.0068 x 225.52
	1.533



K3 (2.100+2.092+2.137+2.120+2.106+2.139+1.985+1.533)/8 = 2.027
K=(K1+K2+K3)/3 =  ( 2.012+ 2.022+2.027)/3=2.020



Discussion
Boyle’s law
Trail 1
1. After performing the experiment, we have a table of volumes and pressures. From the table we found a constant between the variables (PV=K). After finding the average between all the “K” values, the contact is around  2.020
2. The mathematical relationship PV=K, pressure and volume are inversely proportional and the relationship between them is the constant 2.020. If we plug in our constant 2.020 to the equation P=KV, we had a difference of 3 kpa by comparing the pressure. 
3. After our first and third trial we did not measure our initial volume again, however after our second trail we did record the initial volume again, we used for the pressure form the newly recorded volume for the third trial. We noticed that the pressures was a little bit different when brought back to the initial point.
Taking multiple reading of the dependant variable is important because it improves accuracy either by taking averages or by revealing which data is the best starting point of the multiple trials.
0. In a Boyle’s experiment, the temperature needed to be constant during the experiment. Although the lab was at room temperature, the temperature was not stable during the experiment. However temperature needs to rise or drop by a great amount in order to affect the result of the lab.

conclusion
The goal of the lab was successful. The data collected from the experiment shows that pressure and volume of a gas are inversely related when the temperature is constant. The calculations that were recorded supports charles by proving that as the temperature decreases the volume also decreases in relation to the amount of temperature that was reduced. The percent error for our first trial was a decent amount of only 0.746%. 
