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EXPERIMENT 1: Verification of Gas Laws


Introduction:

	

A matter in a gaseous state has a unique characteristic. It’s ability to occupy more space and having a lower density than liquids and solids allow it to move freely. The expandability and compressibility property are affected by the variation in the temperature. As a result, gas, as a loose particle, is mostly influenced by volume (V), pressure (P), and temperature (T).

	An ideal gas follows the basic ideal gas law wherein PV=nRT such that it can be expanding to relate it for the Boyle’s Law and Charles’ Law. That is, P1V1=P2V2 is the formula for Boyle’s Law which states that, as volume increases, pressure decreases, at constant temperature and number of moles. Alternatively,  shows the relationship of variables in the Charles’ Law. When volume increases, temperature also increases with a constant pressure.

The procedure will use high and low temperatures to find the volume for Charles’ Law. While in Boyle’s Law, the pressure will be detected using the gas pressure sensor with the given volume from a syringe. This experiment will verify both the gas law and will use the data to formulate a conclusion.



Procedure: 

	As described in the laboratory manual (Do I Dare Disturb the Universe, Dr. Rashmi Venkateswaran, Exp. 1, p. 6)

	




Table 1:  Data and Results for Verifying Charles’ Law

	Data
	Trial 1
	Trial 2

	Vcw
	35 mL
	33 mL

	V1
	153 mL
	155 mL

	(A) V2
	118 mL
	122 mL

	T1
	373 K
	373 K

	T2
	278 K
	278 K

	(B) 
	0.410 = 0.424
	0.416 = 0.439

	(C.1) 
	154 mL

	(C.2)
	120 mL

	(C.3)
	373 K

	(C.4)
	278 K

	(D) 
	-4.60%



Legends:

T1 = Initial temperature on the boiling water in Kelvin (K)
T2 = Final Temperature on the ice bath in Kelvin (K)
Vcw = Volume of water absorbed from the ice bath in milliliter (mL)
V1 = Initial Volume from the empty Erlenmeyer flask in milliliter (mL)
V2 = V1 – Vcw (Final Volume in milliliter)

Calculations:

(A) V2 = V1 – Vcw


Trial 1: V2 = 153 mL – 35 mL  118 mL

Trial 2:	V2 = 155 mL – 33 mL  122 mL 


(B) Verification of Charles’ law using the formula:   


Trial 1:	 =  0.410=0.424

Trial 2:	=  0.416=0.439


(C) Average Values for Trials 1 and 2:


(C.1) V1   = = 154 mL

(C.2) V2   =  = 120 mL

(C.3) T1   =  = 373 K

(C.4) T2   =  = 278 K


(D) Percent error from the Average Values: 

 =  =    -4.60%


Table 2. Data and Results for Verifying Boyle’s Law

	Data
	Trial 1
	Trial 2
	

	Volume (mL)
(Independent Variable)
	Pressure1 (kPa)
(Dependent variable)
	Pressure2 (kPa)
(Dependent variable)
	Average Pressure (kPa)

	(A) 110.8
	101.21
	101.07
	101.14

	(B) 50.8
	210.10
	215.18
	212.64

	(C) 80.8
	136.31
	135.62
	135.97

	30.8
	225.30
	225.31
	225.31

	150.8
	77.23
	76.96
	77.10

	130.8
	86.37
	86.42
	86.40

	180.8
	64.13
	64.38
	64.26

	110.8
	101.79
	100.80
	101.29




Based on the Ideal Gas law formula: , we can obtain the Boyle’s Law constant, where P is the dependent pressure, V is the independent volume, n as the number of moles, R is the gas constant, and T is the temperature. Assuming a constant mole and temperature, PV is therefore equalling to a constant, k, and remain unchanged. To simplify,   PV=k.

(A) Ave. PV = k  101.14 kPa x 11 mL = 1112.54 kPamL
(B) Ave. PV = k  212.64 kPa x 5 mL = 1063.20 kPamL
(C) Ave. PV = k  135.97 kPa x 8 mL = 1087.76 kPamL

Following significant figures, we approximate a constant of 1000 kPamL. If PV=nRT=K and K1000 kPamL, then PV 1000 kPamL for all values of P and V. Therefore, P1V1=P2V2.


Discussion:

The formula for Charles’ law, , is an overview for the relationship of volume and temperature. Based on Table 1, a decrease in temperature, from boiling to a freezing temperature, resulted in a decrease of volume, from V1 to V2. It shows the that the volume and temperature is directly proportional with each other, with respect to a constant pressure given by the Ideal Gas Law. 

There is a slight discrepancy between the equality from the equation. The percentage error for the average values of the trial 1 and 2 is -4.60%. It is so small which can be neglected yet still have to be acknowledged. It is due to many factors including the dryness of the Erlenmeyer flask. A small droplet of water can influence the volume of the water inside the Erlenmeyer flask, so it is recommended to fully dry first the materials before each use. Another example is the water in the ice bath. As shown in the data above, there is a slight decrease in Vcw from Trial 1 to Trial 2 which shows inaccuracy of water absorption mainly influence by the melting of the ice. Regardless of the error, the principle behind the experiment for Charles’ Law was still presented.

From the data shown in Table 2, the alternate decrease and increase in the volume greatly represent the increase and decrease, respectively, of the pressure from both trials. This proves the inverse relationship between the two variables for the Boyle’s Law.

As directed, the same amount of the first volume was repeated twice. Taking multiple readings of the dependent variable for the same value of the independent variable is important because it will mediate the fluctuations in the pressure to make it more precise.

There is a huge difference in the result of the Boyle’s Law constant between different volumes. It is due to certain conditions like the temperature, the dead space in the syringe, and the force exerted by the hand to push and pull the plunger. The temperature is supposed to be at fixed and contained but the only available temperature is the room temperature which is prone to variations. The other reason is that there is a dead space inside the syringe so the addition of 0.8 to each volume is necessary as a correction which shows a flaw for the measurement of the pressure with respect to the volume. Moreover, the adjustment of the volume in the syringe is greatly influence by the force of the hand. The variance of the force to push and pull the plunger was detected by the gas pressure sensor. Nevertheless, this procedure still shows a unique hyperbola in the graph of the volume and pressure.



Conclusion:

	The values obtained for the Charles Law from the formula: , verify the direct proportionality of the volume and temperature, assuming constant pressure. The average decrease in volume from 124 mL to 120 mL resulted in an average decrease in temperature from 373 K to 278 K with a -4.60% error.

	The constants found in the Boyle’s Law is approximately 1000 kPamL. It confirms P1V1=P2V2. Considering a constant temperature, pressure is inversely proportional to volume.
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