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Determination of Diffusion constant from experimentally observed temporal 
evolutions of contact angle , droplet radius rb, and height, h

Fig. 1: Schematic diagram showing contact angle , droplet radius rb, and height, h

The rate of change in the volume of a water droplet is given by Fick’s law:1,2

                                               ,                                                          (1)
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where V is the droplet volume, D is the diffusion coefficient of the water droplet, 

 is the difference between the concentrations of water vapor at the drop surface  ∆𝑐( = 𝐶𝑠 ‒ 𝐶 ∝ )

and at an infinite distance, and  is the density of water. The function  can be chosen to be 𝜌𝐿 𝑓(𝜃)

of the form .1𝑓(𝜃) = (1 ‒ 𝑐𝑜𝑠𝜃)/2

From the geometry of a sessile drop, the height h of a droplet, resting on a surface, having the 

form of a spherical cap can be expressed as:1,3,4
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Hence, the rate of change in the droplet volume is given by:
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Combining Eqs. (1) and (3):
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In Eq. 2,  . Integrating Eq. 2, one obtains:𝜆 = 2𝜋𝐷∆𝑐/𝜌𝐿

                               ,                                        
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where  is a constant.1,3 The evaporation of a water droplet from a solid surface can be 𝐹(𝜃𝑜)

analyzed by determining  as a function of t. Eq. 5 shows that  should vary linearly with 𝐹(𝜃) 𝐹(𝜃)

t, having a slope of . Further, it has been shown that, in order to consider the ‒ 4𝐷∆𝑐/𝜌𝐿𝑟2
𝑏

deviation in the shape of the water droplet from that of the spherical cap geometry, the slope 

(obtained from Eq. 2) has to be multiplied by a factor , where  is related to the drop (1 + 𝛼)/2𝛼 𝛼

height as:1,3,5
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Accordingly, we have determined the diffusion coefficient D using our measured values of , rb, 

and h at 295 K and 50% humidity.

References

(1) A. Metya, D. Ghose, and N. R.  Ray, Appl. Surf. Sci. 2014, 293, 18-23.

(2) R. G. Picknett, and R. Bexton, J. Colloid inteface Sci. 1977, 61, 336-350.

(3) S. Dhal, S. Chaterjee, U.  Manju, L. C. Tribedi, K. V. Thulasiram, W. A. Fernandez, and S. 

Chatterjee, Soft Matt. 2015, 11, 9211-9217.

(4) Y. S. Yu, Z. Wang, and Y. P. Zhao, J. Colloid Interface Sci. 2012, 365, 254.

(5) H. Y. Erbil, and R. A. Meric, J. Phys. Chem. B. 1997, 101, 6867-6873.


