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The overall goal of this experiment was to independently meas-
ure the constant volume heat capacity for CO2 at different tem-
peratures via sound velocity measurements. The relationship 
between sound velocity u and constant volume heat capacity Cv 
is: 
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where Cp is the constant pressure heat capacity, R is the ideal 
gas law constant, M the molar mass and T is temperature. By 
rearranging Equation 1, constant volume heat capacity is ex-
pressed as:   
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In this experiment, the sound velocity of CO2 was determined 
through sound velocity measurements with air and nitrogen. 
Using the literature values for u of the two gases allowed the 
instrument to be calibrated. Graphs were made of frequency 
versus n where n is 1, 2, 3, etc. for in-phase figures and n is 1/2, 
3/2, 5/2, etc. for out-of-phase figures (Figure 1). Taking the 
derivative of the standard wave relationship (Equation 3) re-

sulted in an equation relating slope 
  

  
 to the sound velocity u 

and length of tube l (Equation 4). Next, the equation was ar-
ranged to solve for length (Equation 5).   
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The Monte Carlo method was used to determine the error in 
slopes since there was a 9% error associated with the observed 
frequency (Table 1).1 Since the data for nitrogen and air had 
approximately the same error, there was not much difference in 
using one gas over the other to calculate Cv. In this case air was 
used which has a sound velocity of 343.8 m/s at 40% humidity 
and 297 K.2  An average tube length of 1.16 m was calculated in 
comparison to the measured tube length of 0.90 m. 
 
 

 
Figure 1. Sample graph of air trial using Monte Carlo Method 
for error analysis.  The high and low boundaries are shown with 
the recalculated line equation in the between.  
 

 
Figure 2. Sample graph of CO2 trial at 297 K using Monte Car-
lo Method for error analysis. The high and low boundaries are 
shown with the recalculated line equation in the between. 

 
Figure 3. . Sample graph of CO2 trial at 253.7 K using Monte 
Carlo Method for error analysis. The high and low boundaries 
are shown with the recalculated line equation in the between. 
 
 

 
 
 
 
 
 
 
 
 

Table 1. Slopes of air, N2 and CO2 trials with associated error 
calculated from the Monte Carlo Method. 
 
For CO2, experiments were done at 297K and 253.7 K. Graphs 
of frequency and phase were plotted again (Figures 2 and 3), 
and the average length from the previous section was used to 
calculate an average slope.  With the average length and the 
average slope calculated, it was possible to derive an equation 
for sound velocity for CO2 which was then substituted into 
Equation 2 to give: 
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Trial 1 Trial 2 Trial 3 

Air 300±30 300± 30   300 ±  30 

N2 300±30 300±30 
 
300±30 

CO2 at 297K 230 ±20  240±30 230±20 

CO2 at 253.7 K 210 ±30 210±20 210± 30 



 

 
 

where the subscript associated with 
  

  
 refers to the trial num-

ber.  
 
The associated slope for Cv was also calculated for both CO2 
experiments, as determined by: 
 

         
   

  
  

  
 
    

 

 

      
   

  
  

  
 
    

 

 

     

           32 2+           2,12 2+     
      2,12 2+           2,22 2+     
      2,32 2+     2 212  

 
In which each σ is the error associated with the preceding vari-
able in the equation.  For temperature, the listed error was 1% 
of the observed temperature in Celsius.  
  

For CO2 at 297K and 253.73K, the Cv was 30±20 J/mol K and 
30 ±30 J/mol K respectively (Table 2). 
 
The empirical Cv was compared to the theoretical value by us-

ing       
 

 
       , given that         

 
    
  

 
 

 
    
  

   
    
     

 
 
    

and vi refers to the four normal vibrational frequencies for 
CO2.

3 The theoretical values for CO2 at 297K and 253.73K, the 
Cv was 28.7 J/mol K and 26.7 J/mol K respectively. 
 
 
 Measured Cv 

(J/mol K) 
Theoretical Cv 

(J/mol K) 
CO2 at 297 K 30±20 28.7 
CO2 at 253.7 K 30 ±30 26.7 
Table 2. Measured and theoretical Cv values for CO2 at 297 K 
and 353.7 K.  
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