
Center University Abdelhafid-Boussouf MILA                             Chapter III: Surface phenomena   

Course (Biophysics). 
2025/2026 

 

Institute of Natural and Life Sciences 

Biological Sciences, / Agronomic Sciences / Ecology and Environmental Sciences / Course 

(Biophysics) /Semester 3 / Section A. 

Chapter III: Surface phenomena 

1. Surface Phenomena 

1.1 Introduction 

Surface phenomena, while they can be characterized by their purely mechanical effects, can 

also be compared to physicochemical reactions corresponding to changes in intermolecular 

bonds. Their effects can be viewed as variations in certain thermodynamic functions. The 

phenomenon of surface tension reveals an intensive property unique to liquids, which is of great 

importance in specific cases. 

1.2 Observations 

Certain insects, such as water striders, move at high speeds on the surface of the water as if 

they are gliding on a soft film (Fig. 1). 
 

 

Fig. 1 A water strider floats on the surface of the water. 

 

 

A drop of water on a leaf of a plant (Fig.2). 
 

 

Fig. 2 A drop of water on a leaf 

 

 

These phenomena give the impression that the surface of liquids behaves like a stretched 
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elastic membrane. 

2-Surface tension 

 

2- 1Definition 
 

Inside the liquid, each molecule is subjected to Van der Waals type attractive forces of 

electrostatic origin, which arise due to the polarity of certain molecules, resulting in a net force 

of zero. 

On the other hand, molecules at the surface are primarily attracted towards the interior of the 

liquid, as air molecules are too few to achieve equilibrium; thus, the net attractive force on the 

surface molecules is directed inward, tending to compress the liquid and reduce its free surface. 

Consequently, there exists a force, 𝑓, at the interface between a liquid and another medium. The 

surface tension 𝜎 is measured by the ratio of the force 𝑓 to the length 𝑙 over which it acts. 

𝜎= 
𝒇 

𝒍 
 

where 

 

𝜎is in N·m−1, 𝑓 is in N, and 𝑙 is in m. 

 

2-2 Adhesion Work of a Liquid on a Solid: 
 

This is the work required to separate a liquid from a solid over a surface area of 1 m². Let 

 

𝜎𝐿be the surface tension of the liquid, 𝜎𝑆 the surface tension of the solid, and 𝜎𝑠𝐿the interfacial 

tension between the liquid and solid. By separating the liquid from the solid over 1 m², we also 

create 1 m² of liquid-air interface and 1 m² of solid-air interface. Thus, the adhesion energy 

between solid and liquid is given by: 

𝑊SL= (𝜎𝑆+ 𝜎𝐿 − 𝜎𝑠𝐿) s 

In this equation, only 𝜎𝐿 is known. The difference (𝜎𝑆−𝜎𝑠𝐿) can be relatively easily measured, 

whereas the two terms cannot be measured separately. 
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2-3 Contact Angle θ: 
 

Considering the equilibrium of a liquid droplet resting on a horizontal solid surface, Figure 3 

illustrates the existence of three phases. 

 

 

Figure 3 

 

The equilibrium at point M can be expressed (horizontal components of the surface forces) as: 

 

𝜎𝑆 =𝜎𝑠𝐿+ 𝜎𝐿cos (𝜃) 

This means: 
 

𝜎𝑆−𝜎𝑠𝐿= 𝜎𝐿cos (𝜃)   cos (𝜃)= 
𝝈𝑺−𝝈𝒔𝑳 

 
 

𝝈𝑳 
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The angle 𝜃is called the contact angle, which is measurable. The adhesion work can be expressed as: 

𝑊SL= 𝜎𝐿 (1+cos (𝜃)) s 
 

It can be observed that the smaller the angle 𝜃, the greater the adhesion work. We consider the following 

cases: 

 θ=0°: 𝑊𝑆𝐿=2𝜎𝐿= : The adhesion work is equal to the cohesion work of the liquid. This is the 

extreme case of equilibrium that corresponds to complete spreading of the liquid. The condition 

𝑊𝑆𝐿=𝑊𝐿 represents the limit of perfect wetting. In principle, wetting is considered perfect if 

𝑊𝑆𝐿 ≤ 𝑊𝐿.

 𝜃=180°: 𝑊𝑆𝐿=0: The adhesion work is zero. Wetting is null.

 0<θ<90° (acute): Good but not perfect wetting.

 90°<θ<180°: Poor but not null wetting.
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2-4 Examples of Wetting Applications: 

In phytopharmacy: Certain wetting agents are used in pharmacy to enhance the penetration of 

medications through the skin or mucous membranes. Conversely, one may seek anti-wetting 

agents to reduce the cutaneous penetration of toxic substances. 

 

In the case of antiparasitic products, it is essential to achieve perfect adherence of the liquid to 

the surface to block the insect's pores, preventing it from breathing. 

Therefore, when the contact angle θ=0, we have a wetting product. 

 

In the case of herbicides, on the other hand, poor wetting is required since these products should 

not be harmful to insects, necessitating the choice of anti-wetting agents. Poor wetting can occur 

due to a layer formed on the surface of the solid, which must first be treated (it should be well 

polished). 

 

To understand the adhesion of a liquid, or wetting, it is crucial to accurately determine the 

surface tension. There are several methods to measure surface tension, including the capillary 

rise method (Jurin's law), the immersed blade method, and the drop method (stalagmometry). 

We will detail the capillary rise method in the following sections. 

3- Capillarity Phenomenon: 

3-1 Definition: 

It is the phenomenon that explains, among other things, the upward movement (vertical rise) of 

liquids against the force of gravity along a surface due to their surface tension. 

3-2 Capillary Rise Method (Jurin's Law): 

Consider a tube made from a solid with a wettability defined by an angle θ. When this tube is 

immersed in a liquid, we observe that for good wettability, the liquid level rises (h > 0) as shown 

in Figure 4 (a). Conversely, for poor wettability, the liquid level falls, as illustrated in Figure 4(b) 
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