Determination of Heat Capacity at Constant Volume of Carbon Dioxide Using an Oscilloscope
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EXPERIMENTAL The heat capacity of carbon dioxide can be calculated by finding the speed of sound in carbon dioxide. This was done using a PVC pipe that was 93 cm long. To calculate the sped of sound in carbon dioxide, an experiment with a known speed of sound was done first. The speed of sound in air (at 40% humidity) and nitrogen are literature values easily looked up and are used as calibrating gases. The speed of sound in air is 343.814 m/s and the velocity of sound in nitrogen is 334 m/s [1]. Using an oscilloscope, the frequency was measured as the frequency generator generated frequencies that traveled through the pipe to the microphone. The in-phase and out-of-phase readings and their frequencies were then recorded. One is able to derive an equation from 
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to obtain an overall equation for Cv where u is the speed of sound and M is the molecular mass. Using Cp=Cv+R and by transferring all Cv terms on one side of the equation, one finds the equation to be
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In isolating Cv and using the equation uCO2=(uN2/mN2)(mCO2), the final equation for Cv is found to be 
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where m is slope (the only measured values) and u is the velocity of sound. It should be noted that the slope and speed of sound for nitrogen was used in the equation because the pure nitrogen entering the pipe was dry, as opposed to the air that was at 40% humidity. The slopes can be observed in Table 1.

Table 1.

	 
	Slope
	Average Slope and Error
	Temp. (K)

	Air-Trial 1
	295.96±31.52
	296.10±32.43
	295.05

	Trial 2
	296.32±33.26
	
	295.30

	Trial 3
	296.01±32.52
	
	295.45

	N2-Trial 1
	303.18±32.57
	303.02±32.70
	295.9

	Trial 2
	303.09±32.81
	
	295.85

	Trial 3
	302.80±32.72
	
	295.80

	CO2-Trial 1
	230.69±16.30
	235.59±20.62
	296

	Trial 2
	235.92±28.59
	
	296

	Trial 3
	231.16±16.98
	
	296.05

	CO2 (low temp)-Trial 1
	212.41±25.32
	213.12±25.21
	253.65

	Trial 2
	214.21±24.44
	
	253.75

	Trial 3
	212.75±25.87
	
	253.8


Using this equation, one obtains the experimental heat capacity for carbon dioxide at 297 K and 253.73 K to be 41.1897 and 54.9699 J/mol-K, respectively. The standard error in these values can be calculated using 

	
[image: image4.emf]


error = temp. error + 13 (errori )
i=1



3



∑ (N2 slopei )
2 + 13 (errori )



i=1



3



∑ (CO2 slopei )
2










error

=

temp

.

error

+

1

3

(

error

i

)

i

=

1

3

å (

N

2

slope

i

)

2

+

1

3

(

error

i

)

i

=

1

3

å (

CO

2

slope

i

)

2


	(4)


The error for temperature is ±1%, so the error for the room temperature readings is ±0.24. For the dry ice readings, the error is ±0.1927 The error for slope is calculated using Monte Carlo regressions [2]. Therefore, the total error of heat capacity at room temperature is ±1612.236. The total error of the heat capacity at the temperature of the dry ice is ±1618.4009. Sample graphs of trials for each experiment are shown in Figures 1-4. 
Figure 1.
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Figure 2.
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Figure 3.
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Figure 4.
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To determine the theoretical values of heat capacity at constant volume, a summation equation was used: 
The four fundamental vibrational frequencies used were 1340, 2349, 667, and 667 cm-1 [1]. When plugged into the above equation, the vibrational contribution to the heat capacity for carbon dioxide at room temperature (297 K) was 8.00196 J/mol-K. At 253.73 K, the contribution was 5.93514 J/mol-K. This puts the heat capacity at constant volume to be 28.78696 and 26.72014 J/mol-K, respectively. These values allow for comparison with the experimentally calculated values. 
The error is relatively large and leaves much room for variation in the experimental values of heat capacity. It is, in fact, much larger than the actual heat capacity values. This leaves one to wonder why the error is so incredibly high. The error should not exceed the actual values. However, this does ensure that the theoretical values of heat capacity fall within the error bars. 
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