
Chemistry 140, Winter 2008   Name(s): 
 

Exercise 7: Gases 
 
Objective for the first part: Extrapolate some pressure-temperature data to determine 
the Celsius degree value of absolute zero. 
 
Materials and methods: Obtain five different temperature baths, large enough to 
accommodate the bulb of the pressure-measuring device. The five baths should be: 
 
• A cylindrical Dewar flask, half-filled with liquid nitrogen (LN2); 
temperature = –195.8°C 
 
• A cylindrical Dewar flask, half-filled with a slurry made from acetone (CH3COCH3) 
and dry ice; temperature =  –78.0°C 
 
• A beaker, half-filled with ice water; temperature = 0.0°C 
 
• A beaker, half-filled with room temperature water; temperature = TBD 
 
• A beaker, half-filled with boiling water; temperature = 100.0°C 
 
If you really are getting into how cold various cooling solutions are, check out 
http://www2.uni-siegen.de/~pci/versuche/english/v105-2.html which has pictures 
as well. 
 
1. Using the computer’s LoggerPro software and the datalogger attached to the 
pressure-measuring device, monitor the pressure as the bulb of the device is set 
sequentially into each of the five baths. When the pressure has reached an equilibrium 
value, record it in the table below: 
 

Bath Temperature (¡C) Pressure 
Liquid nitrogen 

 
–195.8  

Dry ice/acetone slurry 
 

–78.0  

Ice water 
 

0.0  

Room temp. water 
 

  

Boiling water 
 

100.0  

 
2. a. What are the units given for the pressure measurement? 
 
b. Do remember to record the temperature of the room temp water bath. 
 



3. Using Excel, another graphing program or by hand, plot temperature (x-axis) versus 
pressure (y-axis). Make sure there is enough room in the graph to be able to 
extrapolate the graph back at least a hundred degrees. In other words, make the x-axis 
range from –300°C to 100°C. Usual rules apply; give the graph a good title, and axes 
labels (with units). 
 
4. Draw a best-f i t l ine using a linear regression algorithm, and give the equation for  
the line. You do not need to show the details of the linear regression calculations, so, for 
instance, using Excel’s “Add Trendline” function is fine. Many calculators are equipped 
to do this as well. 
 
5. Determine the correlation coeff i cient for the best-fit line. In other words, find r2 for 
the line. Then complete the following sentence that explains why the correlation 
coefficient is useful: 
 
“________ percent of the variation in the pressure is explained by the variation in the 
temperature.” 
 
Important statisti cal  note: Most of the time when you plot a graph, you put the 
independent variable (the one you control) on the x-axis and the dependent variable 
(the one you can measure but have no direct control over) on the y-axis. When you use 
the correlation coefficient and best-fit lines, you are i ni tiall y assuming that the two 
variables are independent of each other. Only after fitting the line and determining r2 
can you say that the two variables depend on each other. 
 
6. Explain how you will fulfill the objective for the first part of this exercise using the 
graph you just made. Hint: use the word “extrapolate”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7. a. So what is the value of absolute zero in °C? 
 
b. Whose law does the linearity of your graph confirm? 
 
c. The gas inside the ball of the pressure-measuring device is air. What assumption did 
you make about the behavior of air as you extrapolated the data to absolute zero? Why 
did you have to make this assumption? How good of an assumption is it? 
 
 
 
 
8. Fractionation is the term describing the enrichment or depletion of a particular 
isotope of an element in a mixture containing two or more isotopes of the element. 
Kinetic fractionation occurs when the fractionation is due to differing speeds of 
molecules containing the isotope. For example, plants use carbon dioxide, in which two 
stable carbon isotopes can exist: 12CO2 and 13CO2. Leafy plants incorporate carbon 
dioxide through their stoma, small openings on the underside of the leaf. The stoma act 
like a small opening, so this problem can be treated as effusion of gases. 
 
a. The quantity that measures how much fractionation enriches or depletes a mixture of 
carbon dioxide in the isotope 13C is written “δ13C” (pronounced “del-thirteen-C”) and is 
defined: 
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The unit is called a “per mill” (like % is “per cent”) and means “per thousand”. If  
δ13C is positive, the carbon-13 isotope concentration in the sample is said to be enriched; 
if it is negative, then the carbon-13 is depleted. You can calculate the δ13C by using a 
slightly modified form of the formula above: 
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Using the atomic mass of carbon-12 as 12.011 and carbon-13 as 13.003, calculate the per-
mi l l  value of  δ13C kinetic fractionation in plants. 
 
 
 
 
 
 
 
 
 
b. Measurements of δ13C on a mass spectrometer have shown δ13C = -21 to –27 ‰ for 
most leafy plants. Does kinetic fractionation account for all fractionation in leafy plants? 
If not, does the other factor deplete or enrich the plant in carbon-13? 



9. a. Kinetic fractionation also occurs during evaporation. For instance, water can 
contain two isotopes of oxygen: H2

16O and H2
18O. Modifying the formula for δ13C to fit 

the enrichment or depletion of oxygen-18, we get: 
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Using the atomic mass of oxygen-16 as 15.995 and oxygen-18 as 17.994, calculate the 
per-mi l l  value of  δ18O kinetic fractionation in water vapor due to evaporation. 
 
 
 
 
 
 
 
 
 
 
b. If a researcher were to measure the δ18O of a lake (which depends on condensation of 
water vapor that was evaporated) compared to the δ18O of an ocean (which is the source 
of water on this planet), would the lake water be depleted or enriched in oxygen-18 
compared to the ocean? 
 
 
 
 
 
10. a. What is the volume difference between the ideal gas model of 1 mole of water 
vapor and the van der Waals model of 1 mole of water vapor at STP? Look up the van 
der Waals constants for water vapor in the textbook. 
 
 
 
 
 
 
 
 
 
 
b. What is the percent di f ference between the two volumes? Would this have made a 
measureable difference in your lab 5 numbers? 
 
 
 
 

 
 


