
Physics 110 

1st Year Seminar in Physics:  Entropy 

Laboratory 5:  Heat of vaporization of LN2 

 

 

In this experiment we will measure the heat of vaporization of liquid nitrogen and calculate the 

entropy change per nitrogen molecule of the vaporization process. 

Theory 

The heat of vaporization of a liquid is the energy that must be supplied in order to convert a unit 

mass of the liquid to the gas phase.  A typical unit is Joules/gram (J/g).  Liquid nitrogen at 

atmospheric pressure has a boiling point of 77.3 K and remains at its boiling point throughout the 

experiment.  This means that any energy supplied to the liquid is not needed to raise the liquid's 

temperature to the boiling point and thus will be used to vaporize it.  Mathematically,  

     
 

 
 

   

 
           

where mvap  is the mass that has been vaporized, L is the heat of vaporization of the fluid, and the 

energy added, E, equals the power input P to the liquid times the time t.  Thus, a plot of 

vaporized mass versus time will have a slope equal to P/L .  Knowing the input power, the heat 

of vaporization can be found. 

In this experiment, we supply energy to the liquid nitrogen at a constant rate by an electrical 

heater.  The time rate at which electrical energy is dissipated in the resistive heater, P (in watts), 

is given by P = I V, where I  is the current in amperes through the heater and V is the potential 

drop in volts across it.  When the energy is supplied at a constant rate, liquid turns to vapor at a 

constant rate.  However, we note that - even without the heater turned on - energy is still being 

supplied to the liquid from the environment.  If the rate at which energy from the environment is 

supplied to the liquid is designated by  PE, the total mass lost as a function of time is given by: 

     
          

 
  

   

 
 

  

 
             

It is clear from this that this environmental rate, PE / Lv, must be measured and subtracted from 

the rate measured while the heater is on in order to obtain the rate due to the heater alone.   

This is easily done by plotting the mass loss rate with the heater off.  (I = V = 0.) 

               
  

 
   



The rate of vaporization with the heater off depends on how much liquid nitrogen is in the 

container, so we measure this rate both before and after measuring the rate with the heater on.  

The average of these two will be the "background" rate of vaporization. 

 

 

 

In the experimental situation shown in the diagram above, the container of the liquid nitrogen is 

called a "Dewar" flask, which is a double-walled glass vessel with a vacuum between the two 

walls.  This reduces the transfer of energy between the liquid and the surroundings due to 

convection and conduction.  The inner surfaces of the glass walls are silvered to reduce the 

transfer of energy due to radiation.  However, in this experiment, the Dewar will be replaced by a 

set of nested Styrofoam cups, which work almost as well in this case. 

Experiment 

1.  Fill the cups three-quarters full with liquid nitrogen (LN) and place the heater in the cups.  Be 

sure that the heater is as close to the bottom as possible without touching.  Allow the temperature 

of the system to stabilize.  “Top off” the LN as needed.  Make sure the voltmeter, ammeter, and 

variable power supply are connected as shown in the diagram.  

2.  Start the experiment by taking readings of the mass of the LN and cups with the LN level 

high and the heater off.  Take readings every twenty seconds for at least three minutes. 



3.  Then, without stopping your timer, turn the power supply on and quickly adjust the current 

through the heater to roughly 3.5 amperes.  Do this as rapidly as possible, and record the current 

and voltage in your notebook.  Periodically check the current and voltage and record any 

changes.  Continue to measure the mass of the system every twenty seconds as the nitrogen boils 

away rapidly.  Do this for at least three more minutes. 

4.  Finally - again without stopping your timer, turn off the heater and keep on taking mass 

measurements every twenty seconds for at least another three minutes. 

5.  Use Igor to produce graphs of mass versus time and determine the three rates of vaporization 

via a linear fit to the data using Igor.  Remember, for each rate you are making a linear fit to a 

part of the data. 

6.  Calculate the latent heat L and compare it to the accepted value of 199.5 J/g for liquid 

nitrogen.  If the values of I and V changed appreciably during the heating, use average values for 

them.  Assume a 1.0% uncertainty (RMU) in I and V. 

7.  If we add heat Q to a system at absolute temperature T,  then the entropy changes by  

   
 

 
                         

From your data, what is the entropy change of one gram of LN as it vaporizes? 

8.  One mole of nitrogen contains 6.022  10
23

 molecules and has a mass of  28 g.  Furthermore, 

as we saw in class, thermodynamic entropy is related to information entropy by 

                           

where H is the information we lack about the system microstate, in bits, and k is Boltzmann's 

constant (k = 1.38  10
-23

 J/K).  How many bits of information do we lose about each molecule's 

microstate during the evaporation process?  Why does evaporation involve such an information 

loss? 

Checklist 

 Objective statement and a description of the procedure. 

 Current and voltage data for the heater and the power calculation. 

 Data table for liquid nitrogen mass versus time. 

 Graph and calculation of vaporization rates, with uncertainty. 

 Calculation of average background vaporization rate, with uncertainty. 

 Calculation of latent heat, with uncertainty and comparison to textbook value. 

 Calculation of entropy changes in the nitrogen as it vaporizes, with uncertainty. 

 Discussion and conclusion. 


