
Lab-I The latent heat of vaporization of liquid nitrogen
Goal
· Review the physical concepts and relationships associated with the flow of heat into and out of materials.
· Determine the latent heat of liquid nitrogen (LN).
Related topics
Heat transfer, Specific heat, Latent heat
Introduction
When heat energy is added to a substance, its temperature usually rises except when a change of phase occurs (e.g., solid melts into liquid or liquid vaporizes into vapor). The phase change of most material occurs without increase or decrease in its temperature. The thermal energy is absorbed to change the state of the matter involved. The amount of energy required to change the phase of a matter is called its latent heat. Conversely, as the temperature drops to a point when the phase changes, the latent heat must be released. The latent heat associated with water vapor in the atmosphere is one of the most significant factors determining the weather. It moderates temperature drops at night. And when released through the formation of water droplets drives the winds associated with storms, and even hurricane.
The historical unit of heat energy, the calorie, was defined as the amount of heat energy needed to raise the temperature of one gram of water by one degree Celsius. The calorie is now defined in terms of the SI unit of energy, the joule，by:
1 cal = 4.184 J
2.1 Specific Heat 

When heat flows into or out of an object, its temperature changes. The connection between the change in heat energy and the change in temperature is the specific heat. The heat energy needed to raise the temperature of a substance is related to its mass according to the formula：

	 	 (1)


	Where  is the quantity of heat entering the material, m is the mass of the material, c is the specific heat, and is the change in the temperature of the material. The specific heat c is defined as the heat energy needed to raise the temperature of one gram of a substance by one degree Celsius (℃). In general, the value of the specific heat of a solid substance is predominantly a function of temperature, though small variation of the specific heat occurs due to variation in pressure or volume. For relatively small temperature interval, the value of c in Eq. (1) is taken as its average value over the temperature interval between its initial and final temperatures, Ti and Tf respectively.
The specific heat of substances varies with the temperature, as for example the average value of the specific heat of aluminum is 0.17 cal/g•℃ between room temperature and liquid nitrogen temperature while it remains essentially constant (0.215cal/g•℃) from room temperature to 100℃. In contrast to this, the specific heat of water decreases from 1.00728 cal/g•℃ to 0.99795 cal/g•℃ in the temperature range 0 to 35℃ and then increases to 1.00697 cal／g•℃ at 100℃.
2.2 Latent Heat
Under certain circumstances the heat supplied to (or removed from) a substance does not cause a change in its temperature, instead it causes a change of phase (e.g., boiling, melting, freezing or condensation). The relationship between the heat added and the amount of material that changes from one phase to another is, 

	 	(2)
Where:
a. 
is the quantity of heat supplied to (or removed from) the material.
b. L is the latent heat associated with transformation in question, e.g., Lf (the latent heat of freezing), Lv (the latent heat of vaporization) or Ls (the latent heat of sublimation).
c. m is the mass of material which undergoes a transformation of state [liquid to its solid state (freezing) or into its vapor state (vaporization); or the transformation of solid directly into vapor (sublimation)].
2.3 Rate of Heat Flow
If we apply a temperature gradient to an object, one end is kept hot and the other end cold. Then heat flows from hot to cold. At a steady state, the rate R (in calories/second or J/s) at which heat flows through the object is given by:

(3)

Where k is its thermal conductivity [e.g., for styrofoam, k= 6×10-5 cal/(cm•℃•s)], A is the area of the material through which the heat transfer takes place, x is its thickness, and T is the temperature difference (Thot – Tcold).
2.4 Determination of the Latent Heat of Liquid Nitrogen
In this part of the experiment, the value of the latent heat of vaporization Lv of liquid nitrogen (Reference value: 199.2 J／g) will be determined. 
This part of the experiment will involve the immersion of a copper cylinder at room temperature into liquid nitrogen and measuring the quantity of the liquid nitrogen m evaporated as the copper cylinder cools to the temperature of liquid nitrogen (-195.8℃). The amount of the heat energy transferred to liquid nitrogen by the copper cylinder should be equal to the heat energy required to evaporate m grams of the liquid nitrogen. That is:

.						(4)
Thus, we get:

                  (5)
where：
	Lv 
	= Latent heat of vaporization of liquid nitrogen

	mCu  
	= Mass of the copper cylinder immersed into liquid nitrogen.

	  
	= Average specific heat of copper in the temperature range from room temperature to the temperature of liquid nitrogen (-195.8℃) 

	Ti,Cu  
	= Initial temperature of the copper cylinder: room temperature.

	Tf,Cu  
	= Final temperature of the copper cylinder at the B.P.T. of LN (-195.8℃).

	∆mLN
	= Mass of liquid nitrogen evaporated by the immersion of the copper cylinder.


Since the specific heat of copper in this big range (-195.8℃~room temperature) is not a constant, we can get this value through integration if we have the specific heat as a function of temperature. Here, we introduce another way to calculate the total heat energy transferred to liquid nitrogen by the copper cylinder.
After the first part of the lab, when the copper cylinder has the same temperature with the liquid nitrogen (i.e, they're in thermal equilibrium), we quickly move the copper cylinder into a cup of water(Why we should move the copper cylinder quickly?). As the copper now is at a very low temperature(-195.8℃), it will absorb energy form the “hot” water and then they will be in thermal equilibrium. In order to avoid the background energy contribution, you can use the copper stirrer to speed up the energy transfer process, and the lowest value of the thermometer should be the thermal equilibrium temperature(Here, we should avoid that the thermometer has direct contact with the copper cylinder. Why? If there is direct contact , what will be seen?) The energy transferred from water to copper is as follow:

          (6)
where：
	mw 
	= Mass of the water.

	cw
	= Specific heat of water.

	ma  
	= Mass of the small aluminum cup.

	Ca
	= Specific heat of aluminum.

	mc
	= mass of the stirrer(in our lab ,it is from aluminum).

	cc 
	= Specific heat of stirrer material(here aluminum) in the temperature range from θ2 to θ3, it’s almost constant.

	θ2   
	= Initial temperature of water and aluminum cup.

	θ3  
	= Final temperature of the system (water, aluminum cup and copper cylinder).

	ht
	= 0，ht means the thermal capacity of the part of the electric thermometer which is immersed under water. In our lab, this value can be considered to be small enough to be neglected.


The second part: the energy needed by the copper cylinder whose temperature increases from θ3 to θ1 (the initial temperature: room temperature)

                           (7)
where：
	mcu  
	= Mass of the copper cylinder immersed into liquid nitrogen.

	ccu  
	= Specific heat of copper in the temperature range from θ1 to θ3, it’s almost constant.

	θ1  
	= Initial temperature of the copper cylinder: room temperature.

	θ3  
	= Final temperature of the system (water, aluminum cup and copper cylinder).


So the Latent heat of vaporization of liquid nitrogen can be written as follow:

                 (8)
Experimental Apparatus 
1. Electric thermometers
2. Copper cylinder
3. Water
4. Warm isolated cup
5. Stop watch
6. Electric balance
7. Liquid nitrogen

Procedure
· Measurement of the Latent Heat of Vaporization of Liquid Nitrogen
1. Measure and record the mass (mCu) of the copper cylinder which will be placed in liquid nitrogen. 
2. Put liquid nitrogen into the warm isolated cup to 1/3-2/3 full. Put the cup and the copper cylinder on the electron balance as shown in the figure right. Start the timer and record the time duration for each mass reduction of 0.5 gram, you should record at least six sets of data.
3. Put the copper cylinder into the liquid nitrogen (write down time of this moment as tb). Observe the phenomenon and record in detail. Do not stop the watch. 
4. After you have seen the second fog (write down the time of this moment as tc), measure and record the time duration for each mass reduction of 0.5 gram (at least six sets of data). The time duration should be recorded continuously together with the previous two steps so that you can draw a diagram of mass change in dependence of time duration as shown right.
5. Determine the mass change of liquid nitrogen due to the input of the copper cylinder from the diagram you draw.

Data record for the measurement of the Latent Heat of Vaporization of Liquid Nitrogen

Table 1:
	mcu(kg)
	
	ccu(J/kg•℃)
	

	mc(kg)
	
	cc(J/kg•℃)
	

	ma/(kg)
	
	ca(J/kg•℃)
	

	ma+w(kg)
	
	cw(J/kg•℃)
	

	mw(kg)
	
	
	



Table 2:
	θ1(℃)
	

	θ2(℃)
	

	θ3(℃)
	



Table 3:
	ab
	1
	2
	3
	4
	5
	6

	time(s)
	
	
	
	
	
	

	Mass(g)
	
	
	
	
	
	

	tb:             s

	tc:             s

	cd
	1
	2
	3
	4
	5
	6

	time(s)
	
	
	
	
	
	

	Mass(g)
	
	
	
	
	
	



Tasks:
Evaluate the value of the latent heat of LN under ambient condition. Compare your measured value with the reference value. Discuss the main possible reasons, that could make your measured value larger/smaller than the reference value.

Questions
1. What have you learned from this lab?
2. If you are going to do the lab again, how can you make improvement?

References
1. Adapted from "Experiment 3# The Latent Heat of Vaporization of Liquid Nitrogen" http://www.physicslabs.umb.edu/Physics/spring06/Exp3_182_Spr06.pdf
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