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Purpose
This experiment is to use a 25-litre vessel to obtain the heat capacity ratio ɤ of helium, nitrogen, carbon dioxide. Then use the result to calculate the heat capacity per mole at constant volume. Eventually, the theoretical value and the experimental one will be compared, and the error’s sources will be identified.

Introduction
[bookmark: OLE_LINK17][bookmark: OLE_LINK1]Heat capacity is closely linked to our life, such as the speeds of boiling soup and of water is different, and the temperature between day and night in desert is big, but small in eulittoral zone. As Thomas and Philip (2013) defined in the “Physical Chemistry (3rd Edition)”, symbol of C, is represented the capacity of a substance of system. C is the amount of energy demanded to increase a substance’s temperature by one degree Kelvin, and C is a extensive properties; symbol of Cv, is represented the heat capacity at constant volume. Cv is the heat capacity with constant volume; symbol of Cp is the heat capacity with constant pressure.
[bookmark: OLE_LINK2][bookmark: OLE_LINK4][bookmark: OLE_LINK3]The gases of the same class all have the heat capacity is because of the constant volume and the constant pressure. In case of the heat capacity of different classes, due to different volume and different pressure among different classrooms, the heat capacity is different for each class. The reason why the heat capacity of the class is related to the gas constant R is, the heat capacity of a class is related to heat capacity of gas. The state of all molecules in the class is gas. Also, the gas constant R represents the amount of energy demanded for one mole molecules to increase one degree kelvin.













[bookmark: OLE_LINK8][bookmark: OLE_LINK5]For ideal gases, the volume heat capacity (Cv) and the constant pressure heat capacity (Cp) are related to the equation , and . The first law of thermodynamics explains that , and . Since the process is adiabatic in this case, dq is equal to 0. Then have , . After integrating, , the function become . In case of ideal gas, . Thus, . Due to the system is adiabatic,, and because of constant volume. Thus, , 


[bookmark: OLE_LINK7][bookmark: OLE_LINK16]and . After modifying it, the function eventually becomes . 
According to Thomas and Philip (2013), the process that a atom absorbing energy is not continuous. Also, atom is the smallest unit of absorbing energy. Thus, this process is ladder-type. The assumptions made in the calculations for classical energies of molecules types are not good, because the classical one shows the process is linear, but the theory of energy quantization demonstrates that this process is ladder-type, instead of continuous.

Data
[bookmark: OLE_LINK6]Table 1: The raw pressure data of carbon dioxide (CO2)
	
	1
	2
	3

	[bookmark: OLE_LINK9]P1 
(mm Hg)
	260.2±0.1
	261.8±0.1
	255.0±0.1

	P2
(mm Hg)
	0.4±0.1
	1.1±0.1
	0.8±0.1

	P3
(mm Hg)
	50.2±0.1
	51.0±0.1
	44.8±0.1

	Pamb
(mm Hg)
	755.0±0.1
	755.0±0.1
	755.0±0.1





Table 2: The raw pressure data of nitrogen (N2)
	
	1
	2
	3

	P1
(mm Hg)
	276.5±0.1
	276.5±0.1
	264.8±0.1

	P2
(mm Hg)
	3.5±0.1
	1.1±0.1
	2.5±0.1

	P3
(mm Hg)
	65.1±0.1
	63.6±0.1
	62.8±0.1

	Pamb
(mm Hg)
	755.0±0.1
	755.0±0.1
	755.0±0.1



Table 3: The raw pressure data of helium (He)
	
	1
	2
	3

	P1
(mm Hg)
	228.2±0.1
	228.2±0.1
	228.6±0.1

	P2
(mm Hg)
	1.1±0.1
	1.1±0.1
	1.5±0.1

	[bookmark: OLE_LINK10]P3
(mm Hg)
	71.2±0.1
	70.8±0.1
	72.7±0.1

	Pamb
(mm Hg)
	755.0±0.1
	755.0±0.1
	755.0±0.1


Table 4: The actual pressure data and gamma (ɤ) data of carbon dioxide (CO2)
	
	1
	2
	3

	P1
(mm Hg)
	1015.2±0.14
	1016.8±0.14
	1010.0±0.14

	P2
(mm Hg)
	755.4±0.14
	756.1±0.14
	755.8±0.14

	P3
(mm Hg)
	805.2±0.14
	806.0±0.14
	799.8±0.14

	Gamma(ɤ)
	1.275
	1.275
	1.242

	Error(ɤ)
	0.0131
	0.0126
	0.0125

	Average(ɤ)
	1.264

	Error(Avg ɤ)
	0.022




Table 5: The actual pressure data and gamma (ɤ) data of nitrogen (N2)
	
	1
	2
	3

	P1
(mm Hg)
	1031.5±0.14
	1031.5±0.14
	1019.8±0.14

	P2
(mm Hg)
	758.8±0.14
	756.1±0.14
	757.8±0.14

	P3
(mm Hg)
	820.1±0.14
	818.6±0.14
	817.8±0.14

	Gamma(ɤ)
	1.339
	1.349
	1.345

	Error(ɤ)
	0.0130
	0.0130
	0.0137

	[bookmark: OLE_LINK21]Average(ɤ)
	1.344

	Error(Avg ɤ)
	0.023




Table 6: The actual pressure data and gamma (ɤ) data of helium (He)
	
	1
	2
	3

	P1
(mm Hg)
	983.2±0.14
	983.2±0.14
	983.6±0.14

	P2
(mm Hg)
	756.1±0.14
	756.1±0.14
	756.5±0.14

	P3
(mm Hg)
	826.2±0.14
	825.8±0.14
	[bookmark: OLE_LINK13]827.7±0.14

	Gamma(ɤ)
	1.510
	1.505
	1.521

	Error(ɤ)
	0.0190
	0.0189
	0.0193

	[bookmark: OLE_LINK20]Average(ɤ)
	1.512

	Error(Avg ɤ)
	0.033



[bookmark: OLE_LINK23]
Table 7: Accepted values of Cv.m for He, N2, CO2
	Gas
		He
	   N2
	  CO2

	Cv.m
(J/K)
	12.5
	20.8
	28.3




Table 8: Data sheet of final results for He.
	[bookmark: OLE_LINK22]ɤ(Average)
	1.512±0.026

	Cv. M, J/K (Experiment)
	16.24±0.82

	Error (%)
	30.2±1.5




Table 9: Data sheet of final results for N2. 
	ɤ(Average)
	1.344±0.014

	Cv. M, J/K
(Experiment)
	[bookmark: OLE_LINK25]24.17±1.83

	Error (%)
	16.3±1.2





Table 10: Data sheet of final results for CO2. 
	ɤ(Average)
	1.264±0.013

	[bookmark: OLE_LINK26]Cv. M, J/K
(Experiment)
	[bookmark: OLE_LINK24]31.49±1.67

	Error (%)
	11.4±0.6



Calculation
A. Sample calculation for Carbon Dioxide(CO2)：
[bookmark: OLE_LINK11]①


[bookmark: OLE_LINK12][bookmark: OLE_LINK15][bookmark: OLE_LINK14]P1:；Error calculation: 


P2:；Error calculation: 


P3:；Error calculation: 


Error calculation: 



②


P1:；Error calculation: 


P2:；Error calculation: 


P3:；Error calculation: 


Error calculation: 


③


P1:；Error calculation: 


P2:；Error calculation: 


P3:；Error calculation: 


Error calculation: 


④Average(ɤ)：


⑤Error(Avg ɤ)：


⑥Cv.m（CO2）



Error: 

⑦ X calculation at 298K


[image: ]

[bookmark: OLE_LINK18]





⑧ The accepted literature of Cv. M at 298K:
He:



N2:




[bookmark: OLE_LINK19]CO2:
⑨ % Error of Cv.m for gas of CO2：



Error：
Discussion
The results based on our own experimental measurements were accurate. In case of the experimental results, the uncertainties of the data obtained were within a reasonable limits, and our experimental results were substantial and reliable, if this experiment was standard.
However, the experimental results had a relatively high percentage of error, compared with the literature value. The errors were mainly came from the experimental procedures and theories. In case of the experimental errors, this experiment was not standard. In theoretical experiment, the system should be adiabatic to the surrounding, but the vessel used in this trial was made of glass, which means that there was heat transfer between the surrounding and the system. This was the reason why the experimental results obtained were all higher than the literature value. 
The second reason of the large deviation between literature value and the experimental value was that, the temperature was not equal to 298K, but I used 298K to do the calculation of the value of x, which was related to the accepted value.
According to the “Lab Manual of Chemistry 2103” (2018), the experimental results should be lower than the literature one, because vibration in most time cannot be thermally excited, but this was counted in the calculation of the non-quantum mechanical approach of calculating the energy for different kinds of atoms. The literature value cannot be referred to the result obtained from this experiment. Thus, it is important to consider quantization of energy in this experiment.
  















[bookmark: _GoBack]
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