AP Chemistry Lab #10: Heat of Vaporization of Liquid Nitrogen


Nitrogen, the major component of air, is a gas at room temperature with the formula N2(g). It can be stored in its liquid form in a specially insulated bottle called a Dewar flask. In this laboratory activity, you will determine the energy needed to vaporize (boil) liquid nitrogen by letting a known mass interact with warm water. The energy given up by the warm water will cause the nitrogen to boil until it is completely converted to gaseous nitrogen. This energy is called the heat of vaporization.



In simplest terms, a calorimeter is an insulated container made up of two chambers.  The outer chambers contains a known mass of water.  In the inner chamber, the experimenter places the materials that are to lose or gain heat while undergoing a physical or chemical change.  The basic principle on which the calorimeter works is when two bodies at different temperatures are in contact with one another, heat will flow from the warmer body to the colder body.  Thus, the heat lost by one body will be gained by the other.  This exchange of heat will continue until the two bodies are at the same temperature.  In a calorimeter, heat is exchanged between the water and the materials undergoing change.  The experimenter takes a direct measurement of the temperature change of the water.  From this information, the heat gained (or lost) by the water can be calculated.  The experimenter then uses these data to determine the heat lost (or gained ) by the materials undergoing change.




Unlike most calorimeters, the simple Styrofoam-cup calorimeter used in this experiment will have only one chamber.  The liquid nitrogen will be placed directly into a measured amount of water.  The heat required to vaporize the nitrogen will be supplied by the water.  By measuring the temperature change ((T) of the water, you can calculate the quantity of heat exchanged between the water and the nitrogen.  Using these experimental data, you will calculate the heat of vaporization of liquid nitrogen.  




The following relationships will be used in this experiment:

a.         heat lost 

  original mass of             change in                specific heat

         by the water in the      =        water in the       x     temperature      x       capacity of

               calorimeter                     calorimeter                of the water                   water

In symbols, this word formula becomes:

Q =m x (T x Cp

b.  heat given off by the water  = heat absorbed by the liquid nitrogen




Qlost = Qgained
c.  heat needed to vaporize the nitrogen     =     heat of vaporization

          mass of the nitrogen
The specific heat capacity of a substance is the quantity of heat energy needed to raise the temperature of one gram of the substance by 1( Celsius.  The specific heat capacity of water is 4.184 joules per gram per degree Celsius (4.184J/g(C).

Science Practices: [1.B, 3.C, 2.D, 4.C, 4.D, 5.A, 5.F, 6.D, 6.E, 6.G]

Objective


How can we determine the heat energy needed to vaporize a liquid?
Safety


Wear protective glasses and an apron at all times. Take great care in handling liquid nitrogen. Skin contact can result in serious frostbite. Wash your hands thoroughly before leaving the laboratory.  Make sure you remove the thermometers before you add the liquid nitrogen. 

Procedure

Prepare a data table like the one provided by your teacher. Record all masses to the nearest 0.01 g unless otherwise noted.

1. Heat about 100. mL of water in a 250 mL beaker to about 50 - 60 degrees Celsius .

2. Determine the mass of a Styrofoam cup (#1).

3. Add the hot water to the cup and determine the total mass. Place the Styrofoam cup in a large 

(600 mL) beaker for stability.

***Do Steps 4 and 5 simultaneously***
4. Tare a second empty Styrofoam cup. Your teacher will add about 80 mL of liquid nitrogen

to the cup. Determine the mass of the nitrogen and the cup, then allow enough nitrogen to evaporate until a 60.00 g sample of nitrogen remains.  (Remember to take into account the mass of the cup - you want a 60.00 g sample of nitrogen).

5. Determine temperature of the water to the nearest 0.l oC , then remove the thermometer.

6. Quickly and carefully add the liquid nitrogen to the warm water. Observe. When the boiling 

stops, or when you no longer hear a "sizzling" sound, fan away any remaining fog and 

swirl the water gently to melt any ice that may have formed. Do not reinsert the 


thermometer until these processes are finished.

7. Record the final temperature of the water.

8. Determine the final mass of the cup and cool water.

Materials
Balance






Beaker, 250 mL

Beaker, large enough to support Styrofoam cup (600 mL)
Graduated cylinder, 100 mL

Dewar flask for liquid nitrogen



Hot water 

Burner setup with ring stand, iron ring, and wire gauze
2 Styrofoam cups, 8 oz. or larger

Thermometer, -20 to 110 




Liquid nitrogen, approx. 80 mL

Data
LIQUID NITROGEN DATA

a.  Mass of the Styrofoam cup #1 (for the hot water):  

_________________g

b.  Mass of the Styrofoam cup #1 and the 100. mL of hot water:   
_________________g

c.  Mass of liquid nitrogen:  





 _________________g

d.   The initial temperature of the hot water:
_____________oC

e.   The final temperature of the hot water:  
_____________oC

f.   Mass of the Styrofoam cup #1 and the water after N2 (l) was added:   _____________g

Calculations
1.  Initial mass of hot water : _______________g


(initial mass of Styrofoam cup #1 and hot water - mass of Styrofoam cup #1)    (b - a)

2.  Final mass of water : _______________g


(final mass of Styrofoam cup #1 and water - mass of Styrofoam cup #1)
(f - a)

3.  Average mass of water : _______________g


((initial mass of water + final mass of water) / 2)
(1. +  2.)









       2

4.  Change in temperature of water : _______________oC


(final temperature of water - initial temperature of water)
(e - d)

5.  Total heat energy, in joules, released by the water : _______________J


(Q = m  x  Cp  x  T)
 Note: Cp  of water is      4.184 joules/ g . oC
6.  Total heat energy, in joules, gained by the liquid nitrogen : _______________J


(heat lost by water  =  heat gained by liquid nitrogen)

7.  Calculated Heat of vaporization for liquid nitrogen : _______________J/g 


(Q = m x Hv   (for liquid nitrogen), then ...  Hv = Q/m)

8.  Calculate the molar heat of vaporization for liquid nitrogen : _______________J/mol 

(Hv  x  molar mass of nitrogen)

9.  Calculate the % error in your experimental result. The accepted value for nitrogen's heat of 
vaporization is 5580 J/mol.

Observations     

Record all relevant observations.

Discussion       
· What was your result for your experimental Heat of Vaporization?  
· What was your % error?

· Identify at least two sources of error in this lab that would affect your heat of 

vaporization value. Would these errors cause a higher or a lower value for your 

Heat of Vaporization result?  How could these errors be reduced? 
· What was the composition of the fog produced when the liquid nitrogen was added to 

the hot water? 
· How does the1st Law of Thermodynamics (Conservation of Energy) apply to this lab?
· Why did the water lose mass after the liquid nitrogen was added? Explain

Additional Discussion Questions
1. Write an equation to represent each of the following processes for N2. Express the energy 

units in J/mol. State whether each process is exothermic or endothermic.


a) Vaporization of liquid nitrogen, N2 (l)


b) Condensation of gaseous nitrogen, N2 (g)

2. Calculate the volume of nitrogen gas at STP (in liters) that was produced by the vaporization 

of your liquid sample.

3. Describe the procedure you would follow to determine the heat of sublimation of dry ice, CO2 (s), at 65  oC.

4.  The heat of fusion of N2 (s) is 25.7 J/g. Why is this value so much lower than that for the heat 

of vaporization of N2 (l)?

5. What is your % error for the molar heat of vaporization of N2 (l) ?

6.  Define  specific heat, heat of vaporization and heat of fusion.

7.  How is nitrogen separated from other gases in the air?
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