The capillary tube method for finding the s.v.p. of water

This is a simple method, for which the apparatus is shown in Figure 1: a capillary tube closed at one end containing a short column of air with a water plug stands in a glass of water. The air trapped in the tube is of course saturated since there is excess water present.

Let the atmospheric pressure be A, let the air press​ure in the tube be p and the s.v.p. of water at that temperature be s. Neglecting the weight of the small amount of water in the plug, we have

Therefore:

p = A - s

Now saturated vapours do not obey Boyle’s law, because their pressure is constant at a given temperature and is independent of the volume of air. Therefore for the air in the tube we have:


(A - s)V/T = constant

where V is the volume of air in the tube and T is its temperature.

We can therefore measure the s.v.p. of water if its value at one temperature is known.


The results obtained for water are shown in Figure 2(a). Notice that the s.v.p. rises with temperature as predicted, and that its value at 100 oC is the value of standard atmospheric pressure. This fact can be explained as follows. Consider a bubble below the surface of the liquid: the pressure within the bubble is the saturated vapour pressure of that liquid, neglect​ing the hydrostatic pressure which is comparatively small. 

Now when the liquid boils bubbles rise to the surface of the liquid and escape so the pressure within them must be equal to the external pressure (Figure 2(b). 

We can say, therefore, that:
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Figure 1





Example


A column of air was sealed into a horizontal uniform-bore capillary tube by a water plug. When the atmospheric pressure was 762.5 mm of mercury and the temperature was 20 oC the air column was 15.6 cm long. When the tube was immersed in a water bath at 50 oC the length of the air column became 19.1 cm, the atmospheric pressure remaining the same. If the s.v.p. of water at 20 “C is 17.5 mm of mercury, deduce its value at 50 oC.





Remembering that a saturated vapour does not obey the gas laws, we have:





Initial air pressure = 762.5 - 17.5 = 745 mm.





Therefore final air pressure p can be found from:


(745 x 15.6)/293  = (p x 19.1)/323


		


Therefore p = 670.8 mm, giving a value for the s.v.p. at 50 oC of (762.5  - 670.8) = 91.7 mm of mercury.








A liquid boils when its saturated vapour pressure is equal to the external pressure.
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