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Abstract: The latent heat of liquid Nitrogen has been determined by measuring the rate of 

mass loss when there is heat energy transfer with the surroundings and an electrical heater. 

The experiment was repeated three times, with powers of 5.15 W, 10.00 W and 13.00 W 

dissipated through the resistor, giving values of (-5.92 016kJmol-1 , (-5.31 0.05)kJmol-1 

and (-6.870.23kJmol-1 respectively. All three values differ from the accepted value of  

-5.59kJmol-1 [1] which does not lie within the limits of experimental uncertainty and so 

sources of systematic error are suggested. Liquid Nitrogen has several applications in 

cryogenics and its latent heat is therefore an important property that must be known with 

accuracy if it is to be stored efficiently. 
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Introduction          

The aim of the experiment was to determine the 

latent heat of vaporisation of liquid Nitrogen 

(LN2).  

Latent heat, L is defined to be: 

𝐿 =
𝑄

𝑚
  

Where Q is the amount of heat energy absorbed 

or released during a phase change of a substance 

with mass m, in the absence of a temperature 

change. For this experiment only the mass of 

LN2 is known, but rearranging equation (1) for 

Q, and taking the differential of both sides, 

gives:  

𝑑𝑄

𝑑𝑡
                = 𝐿

𝑑𝑚

𝑑𝑡
 

 

Where 
𝑑𝑄

𝑑𝑡
         is the rate at which heat is 

transferred to the LN2 from the surroundings 

and 
𝑑𝑚

𝑑𝑡
          is the rate of mass loss of the 

LN2 due to this heat transfer.  

 

Since the rate of heat transfer from the 

surroundings to the LN2 is not known, an 

electrical heater with a ‘fixed’ power, P, can be 

used to dissipate electrical energy into the LN2. 

In such circumstances equation (2) becomes: 

𝑃 + 
𝑑𝑄

𝑑𝑡
          = 𝐿

𝑑𝑚

𝑑𝑡
 

By taking the difference of equations (3) and (2) 

and rearranging for L, it can be seen that:  

𝐿 =  
𝑃

𝑑𝑚

𝑑𝑡
           − 

𝑑𝑚

𝑑𝑡

 

Where P can be chosen by varying the voltage, 

V and current, I output of the power supply 

and determined using: 

𝑃 = 𝑉𝐼 

With V and I being measured using a digital 

multimeter (DMM). L can therefore be obtained 

by measuring the rate of mass loss when there is 

heat transfer between the LN2 and the 

surroundings, and an electrical heater with 

power P.  

 

 

Method 

Having set up the apparatus as shown in figure 

1 without LN2 contained, the digital balance 

was first calibrated. To ensure the mass reading 

on the digital balance and any changes in it 

were due only to changes in the mass of the 

LN2, the scales were first zeroed.  

The polystyrene lid was then removed and the 

0.38 litre dewar filled with approximately 200g 

of LN2. After the passing of 3 minutes as 

recorded on a stopwatch, mass readings were 

then noted for 300 seconds at intervals of 30 

seconds. The time lapse of 3 minutes being 

utilised so that the dewar and LN2 could achieve 

thermal equilibrium, therefore allowing heat 

transfer between the surroundings and the LN2 

to dominate, as assumed by equation (2). This 

concluded stage 1 of the experiment.  

Figure 1: Schematic diagram showing latent 

heat of Nitrogen measurement apparatus [2].  

For the second stage of the experiment, the  

15 Ω electrical resistor was connected in the 

configuration as shown by figure 2. With the 

heater switched on and receiving approximately 

10 W, mass readings were again taken after 3 

minutes for 300 seconds at 30 second intervals.  

 

Once the readings were completed, stage one of 

the experiment was repeated, and an average 

value for 
𝑑𝑚

𝑑𝑡
         calculated for before and 

after heating with the 15 Ω resistor. Following 

completion of all three stages of the experiment, 

the LN2 was topped back up to approximately 

200g. Each stage of the experiment was 

repeated three times, with a weighted mean of 

mass calculated for each 30 second interval.  
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Figure 2: Circuit used to dissipate electrical 

energy into the LN2.  

Results and Analysis 

Figure 3 displays mass vs time for before, 

during and after heating. By performing linear 

fits using MATLAB, the gradients and 

associated errors, before, during and after 

heating, were found to be:  

-2.81x10-2 3.65x-4-7.13x10-2 3.43-4 and  

-1.90x10-2 3.65x10-4 respectively.  

Figure 3: Graph showing how the mass of LN2 

changes with time, before, during and after 

heating with the 10 W electrical resistor.  

 

Since there were errors associated with all the 
measurements obtained, they all needed to be 
propagated to calculate the associated error of 

the latent heat, ∆L. Using the general formulae 
for the combination of measured uncertainties 

[3], ∆L was determined using:  

∆𝐿 = 𝐿 x  
∆𝑃

𝑃
 

2
+  

∆ 
𝑑𝑚

𝑑𝑡
              −   

𝑑𝑚

𝑑𝑡
                       

𝑑𝑚

𝑑𝑡
         −   

𝑑𝑚

𝑑𝑡
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From equations (4) and (6), the experimentally 

determined value for the latent heat of LN2 was 

found to be:  

L = (-6.070.16kJmol-1 

The tabulated value for the latent heat of  

LN2 is -5.59kJmol-1 [1], which differs from the 

experimental value by 0.38kJmol-1, 

corresponding to 2.38 times the experimental 

error. It can be seen that the accepted value 

does not lie within the limits of experimental 

uncertainty for the obtained value and is thus 

suggestive of systematic error present in the 

procedure. The source of error responsible for 

this discrepancy is thought to stem from the 

inconsistency in heat transfer from the 

background, as can be seen by comparing the 

‘before’ and ‘after’ plots in figure 3.  

To compensate for this, the experiment was 

repeated with a higher voltage and hence power, 

with approximately 13 W dissipated through 

the 15Ω resistor. With increased heat energy 

transfer between the LN2 and the resistor, the 

rate of mass loss of LN2 should be 

comparatively larger to that measured with the 

heater off. The denominator of equation (4) 

should therefore have a less significant 

dependence on 
𝑑𝑚

𝑑𝑡
          reducing the impact 

of the uncertainty in this value on the final 

value of L.  

 

 

 

Figure 4: Graph showing the rate of mass loss 

before, during and after heating with an 

increased power of 13 W.  

The results of the experiment are displayed in 

figure 4, with the gradients and their 

uncertainties for the rate of mass loss before, 

during and after heating being: 

 -2.61x10-2 3.38x10-4, -8.91x10-2 3.41x10-4 and 

-1.54x10-2 28x0-4 respectively.  

Using equations (4) and (6), the experimental 

value of L was found to be:  

(-5.31 005)kJmol-1 

This differs from the previously calculated value 

by 0.61kJmol-1, and is further from the accepted 

value by 0.23kJmol-1. The value for an increased 

power transfer differs from the accepted value 

by 5.6 times the experimental error, which is 

suggestive that systematic error still prevails in 

the procedure.  
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Since the volume of LN2 was not replenished 

after each succesive stage of the experiment, its 

level fell with time.  

The rate of evaporation is proportional to the 

surface area exposed to the air, which is 

greatest at the top of the dewar due to its 

spherical base. Although this problem could be 

rectified with a cubic dewar, no such dewar was 

available. As the level of liquid Nitrogen 

receded, the temperature gradient decreased as 

the liquid became further from the warm air in 

the room, thereby decreasing the rate of mass 

loss of the LN2. It can be seen from figures 3 

and 4 that the rate of evaporation of LN2 

decreased after heating, particuarly with the use 

of the 13.00 W heater.  

To reduce the effect of the volume-surface area 

ratio of LN2 influencing the value of L obtained, 
the experiment was repeated a third time with a 

lower power dissipation of 5.15 W through the 

electrical resistor.  

 

MATLAB generated linear fits give the 

gradients and their associated uncertainties for 

before, during and after heating to be:  

-2.96x10-2 3.38x10-4, -4.59x10-2  3.50x10-4 and 

-2.02x10-2 3.49x10-4 respectively. Using  

equations (4) and (6), the value of L for the 

lower powered heater was found to be: 

 (-6.870.23)kJmol-1 

This deviates further from the accepted value 

by 1.28kJmol-1 and shows a discrepancy with 

equation (4), where decreasing the power from 

10W to 5.15 W, a factor of 0.515, should result 

in the gradients in figure 5, being smaller by a 

factor of 0.515 to those in figure 3, so that L 

remains constant.  

Possible sources of systematic error that were 

not addressed in the procedure could include: 

During heating, the voltage across the resistor 

generally increased, suggesting that the resistor 

had a positive temperature coefficient (PTC). 

This may have also been due to the wires in 

figure 1 experiencing different temperatures as 

they were only partly immersed in liquid 

nitrogen. The voltage reading increase was 

notable for the use of 5.15W, where the reading 

increased from 8.87 to 9.33 volts after 210 

seconds. This may also explain why the ‘after’ 

plots in figure 1 deviate from the line of best fit 

at 240 and 270 seconds. In future a resistor with 

a smaller temperature coefficient will be used.  

As well as fluctuations in power, the resulting 

fluctuation in the mass reading on the digital 

display may have also been due to different 

amounts of wire being fed into the LN2. The 

wire was not fixed to the working surface and 

thus movement of it could  contribute to a 

change in the mass reading. This problem could 

be eliminated through taping the wire down. 

Although the LN2 was topped up after each 

experiment, it is possible that the resistor was 

not fully immersed in LN2 for the complete 

duration of the experiment, thus leading to less 

power being transferred to the LN2, and 

different parts of the resistor experiencing 

different temperatures. A modification to the 

procedure could involve tracking the resistor 

with a laser. When the resistor is no longer fully 

immersed in  LN2, the laser light will take less 

time to reflect off of the resistor, thereby 

resulting in a phase-shift or change in 

attenuation which can then be observed using 

an oscilloscope and/or a photodiode.   

Conclusion  

Table 1: Summary of L obtained for each of 

power setting. 

P / W L/ kJmol-1 Difference between 
accepted L/ kJmol-1 

5.15 (-6.870.23 1.28 

10.00 (-5.92 0.16 0.38 

13.00 (-6.870.23 0.61 

 
It can be seen from table 1 that the smallest 

discrepancy between the experimental and 

accepted value occurred for a power dissipation 

of 10 W. The data suggests that with a power 

of 10 W, the effects of the non-uniform 

background heat transfer rate and different 

surface areas of LN2 exposed to the air almost 

counterbalance one another. This small 

discrepancy of 0.38 kJmol-1 for 10 W indicates 

that the methodology used was appropriate 

with the main sources of error stemming from 

the resistor’s temperature dependence, the shape 

of the dewar and the incomplete immersion of 

the resistor in LN2. 
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