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Abstract

Surface tension and capillary rise are closely related physical phenomena that arise due to
intermolecular forces within liquids. Surface tension refers to the tendency of a liquid surface to
contract and behave like a stretched elastic membrane because of cohesive forces between liquid
molecules. Capillary rise is the upward movement of a liquid in a narrow tube caused by the
combined effects of surface tension, adhesion, and cohesion. This study examines the relationship
between surface tension and capillary rise by analyzing how liquids behave in capillary tubes of
different diameters and under varying conditions. Experimental observations show that liquids
with higher surface tension produce greater capillary rise in narrow tubes, while wider tubes result
in lower capillary action. The study also demonstrates that capillary rise is inversely proportional
to the radius of the capillary tube and directly proportional to the surface tension of the liquid.
These concepts are important in physics, chemistry, biology, environmental science, and
engineering applications such as water transport in plants, ink flow, filtration systems, soil
moisture movement, and microfluidic devices. Understanding the relationship between surface
tension and capillary rise provides valuable insight into fluid behavior in confined spaces and
contributes to the development of scientific and industrial technologies.

Keywords: Surface tension, Capillary rise, Intermolecular forces, Adhesion and cohesion,
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Introduction

Surface tension and capillary rise are important phenomena in fluid mechanics that explain the
behavior of liquids at their surfaces and within narrow spaces. These phenomena arise because of
intermolecular forces acting between liquid molecules and between liquid molecules and
surrounding solid surfaces. The study of surface tension and capillary rise is essential in physics,
chemistry, biology, environmental science, and engineering because these concepts influence

many natural and industrial processes!!).
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Surface tension is defined as the property of a liquid surface that causes it to behave like a stretched
elastic membrane. This phenomenon occurs due to the cohesive forces between molecules within
the liquid. Molecules inside a liquid experience equal attractive forces in all directions, resulting in
balanced forces. However, molecules at the surface experience a net inward force because there
are no molecules above them. As a result, the liquid surface tends to contract and minimize its
surface areal'l.
Surface tension is mathematically expressed as:
F
Y=g

where:

e y=surface tension

o F=force acting along the surface

e L=Ilength over which the force acts
The ST unit of surface tension is Newton per meter (N /m).
Liquids with strong intermolecular cohesive forces generally possess high surface tension. For
example, water has relatively high surface tension due to hydrogen bonding between water
molecules. This high surface tension allows small insects to walk on water surfaces and enables
water droplets to form spherical shapes. In contrast, liquids such as alcohol and kerosene have
lower surface tension because their intermolecular forces are weaker!!.
Surface tension is influenced by several factors such as temperature, impurities, and the nature of
the liquid. As temperature increases, molecular motion becomes more vigorous, reducing
intermolecular attraction and causing surface tension to decrease. This relationship may be

represented as'*!:

where:

e y=surface tension

o T=temperature
This indicates that surface tension generally decreases with increasing temperature.
A phenomenon closely related to surface tension is capillary rise, also known as capillary action.
Capillary rise refers to the upward movement of a liquid inside a narrow tube or porous material.
This phenomenon occurs because of the combined effects of surface tension, adhesive forces

between the liquid and the solid surface, and cohesive forces within the liquid itselfl!].
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When a capillary tube is placed into a liquid such as water, the liquid rises inside the tube above the
external liquid level. The rise occurs because adhesive forces between the liquid molecules and the
tube wall are stronger than the cohesive forces between liquid molecules. As the liquid rises,
surface tension acts along the curved surface of the liquid, called the meniscus, pulling the liquid
upward until the upward force is balanced by the weight of the liquid columnl®!,

The relationship between capillary rise and surface tension is given by:

B = 2ycos 0
pgr

where:

e h=height of capillary rise

o y=surface tension of the liquid

e 0= contact angle between liquid and tube wall

e p=density of the liquid

e g=acceleration due to gravity

e r=radius of the capillary tube
This equation shows that capillary rise is directly proportional to surface tension and inversely
proportional to the radius of the capillary tube. Therefore, narrower tubes produce greater capillary
rise. Liquids with higher surface tension also exhibit stronger capillary action!!!,
Capillary rise is commonly observed in everyday life and natural systems. One important example
is the transport of water from the roots to the leaves in plants through narrow xylem vessels.
Capillary action also plays a major role in ink absorption by paper, oil movement in lamp wicks,
absorption of water in soil, and the operation of medical diagnostic devices and filtration systems.
The phenomenon of capillary rise depends strongly on the contact angle between the liquid and the
solid surface. If the adhesive force between the liquid and the solid surface is greater than the
cohesive force within the liquid, the liquid wets the surface and rises in the tube, forming a
concave meniscus as seen in water. On the other hand, if cohesive forces are stronger, the liquid
level falls inside the tube and forms a convex meniscus, as observed in mercury*l.
The balance between adhesive and cohesive forces can be summarized as follows:

e Adhesion >Cohesion — Capillary rise occurs

e Cohesion >Adhesion — Capillary depression occurs
Surface tension and capillary action have wide applications in science and technology. In
environmental engineering, capillary action influences groundwater movement and soil moisture
distribution. In biology, it supports nutrient transport in plants. In medicine, capillary tubes are
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used for blood sampling and diagnostic testing. In industrial applications, these principles are
applied in paints, detergents, textiles, microfluidics, and filtration technologies!').
The study of surface tension and capillary rise is therefore important for understanding the
behavior of liquids under different physical conditions. Investigating the relationship between
these two phenomena helps explain fluid movement in narrow spaces and contributes to
advancements in scientific research, engineering design, and industrial processes!*!.
Literature Review
Surface tension and capillary rise have been widely studied in the fields of fluid mechanics,
physical chemistry, environmental science, and engineering. Researchers have investigated the
molecular origin of surface tension, the mechanism of capillary action, and the influence of factors
such as temperature, tube radius, contact angle, and liquid properties on capillary rise. Earlier
studies mainly focused on theoretical explanations, while modern research emphasizes
experimental analysis and industrial applications!®).
One of the earliest contributions to capillarity was made by James Jurin, who developed the
mathematical relationship between capillary rise and tube radius. Jurin established that the height
of capillary rise is inversely proportional to the radius of the capillary tube. This relationship later
became known as Jurin’s Law. The law explains that liquids rise higher in narrower tubes because
capillary forces become stronger as the tube radius decreases. Modern reviews continue to confirm
the validity of Jurin’s theory in explaining capillary phenomenal'l.
The classical capillary rise equation is expressed as:
B = 2ycos 6
pgr

where:

e h=capillary rise

e y=surface tension

e 0= contact angle

e p=density of liquid

e g=acceleration due to gravity

o r=radius of capillary tube
Research by Thomas Young and Pierre-Simon Laplace provided a theoretical explanation for
capillary phenomena through the concept of intermolecular forces and curved liquid surfaces.

Their work introduced the Young—Laplace equation, which explains how pressure differences
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across curved interfaces are produced due to surface tension. These studies became the foundation
of modern surface physics and fluid mechanics®!.

A comprehensive explanation of surface tension and capillarity was presented by Marios
Sophocleous, who discussed the molecular basis of surface tension and its role in capillary action.
The study emphasized that capillary rise occurs because of the interaction between adhesive forces
between liquid and solid surfaces and cohesive forces within the liquid. The author clarified that
the true cause of capillary rise is the reduction in free surface energy during wetting rather than
simply pressure differences in the liquid column(®!.

Several experimental studies have analyzed the effect of tube radius on capillary rise. Research on
water—butanol mixtures demonstrated that liquids rise faster and to greater heights in tubes with
smaller radii. The study also showed that changes in surface tension due to liquid composition
significantly influence capillary dynamics. Researchers concluded that both surface tension and
tube geometry are major factors controlling capillary flow behavior.

The inverse relationship between capillary rise and tube radius is represented as:

1
h o —
T

Temperature effects on surface tension have also been widely investigated. Researchers found that
increasing temperature decreases surface tension because higher thermal energy weakens
intermolecular attraction between molecules. As a result, capillary rise decreases at higher
temperatures. This effect is particularly important in industrial fluid systems, heat pipes, and
environmental fluid transport processes!!.

The relationship between surface tension and temperature is commonly expressed as:

1
Yy X =

T

Recent studies have focused on capillary rise in porous media and environmental systems. A
review of capillary rise experiments for surface-active solutes explained that substances such as
surfactants, alcohols, and dissolved contaminants reduce surface tension and alter capillary
behavior in soils and porous materials. The researchers highlighted the importance of capillary
studies in groundwater movement, unsaturated soil flow, and environmental contamination
analysis!”!.

Modern research has also investigated the dynamic behavior of capillary rise. Studies on capillary

rise dynamics reported that the classical capillary equations represent simplified cases of more

complex fluid motion. The researchers emphasized that factors such as nonlinear fluid dissipation,
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viscosity, and entrance flow effects influence the movement of liquids in narrow tubes. These
findings improved the understanding of transient capillary flow in engineering systems".
Several measurement methods for determining surface tension have been reviewed in recent
literature. Common techniques include:

e Capillary rise method

e Du Noiiy ring method

e Drop weight method

e Maximum bubble pressure method

e Atomic Force Microscopy (AFM) method
Among these, the capillary rise method remains one of the simplest and most widely used methods
because of its practical and accurate nature for studying liquid surface properties.
Researchers in fluid mechanics have also explored the balance between adhesive and cohesive
forces during capillary action. Discussions in educational and scientific communities explain that
adhesion between the liquid and tube wall pulls the liquid upward, while cohesion keeps the liquid
column intact. This interaction creates the meniscus and supports the upward movement of liquids
against gravity!®!.
The force balance responsible for capillary action can be represented by:

2nrycos 0 = nr?hpg

Surface tension and capillary rise are now recognized as essential phenomena in numerous
scientific and technological applications. In biology, capillary action explains water transport in
plant xylem tissues. In environmental science, it affects groundwater movement and soil moisture
distribution. In medicine, capillary tubes are used for blood testing and diagnostic analysis. In
industrial engineering, capillary phenomena are important in microfluidics, paints, detergents, ink
flow systems, filtration devices, and heat transfer technologies!!.
Despite extensive research, some limitations remain in accurately predicting capillary behavior in
complex porous materials and multi-component fluids. Variations in contact angle, impurities,
surface roughness, and temperature often influence experimental results. Therefore, further
research is still needed to improve theoretical models and experimental techniques for
understanding capillary phenomena in real-world systems.
Overall, the reviewed literature confirms that surface tension and capillary rise are closely related
phenomena governed by intermolecular forces, liquid properties, and geometric conditions.

Previous studies consistently demonstrate that higher surface tension and smaller tube radius
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produce greater capillary rise, while temperature and impurities tend to reduce capillary action.
These findings provide a strong theoretical and experimental foundation for further research on
fluid behavior in confined spacesl!.

Theoretical Background

The theoretical background of surface tension and capillary rise is based on the principles of
intermolecular forces, fluid mechanics, adhesion, cohesion, and equilibrium of forces in liquids.
These concepts explain how liquids behave at their surfaces and inside narrow tubes or porous
materials. Understanding these principles is essential in physics, chemistry, biology,
environmental science, and engineering applications!!],

1. Surface Tension

Surface tension is the physical property of a liquid that causes its surface to behave like a stretched
elastic membrane. This phenomenon arises due to the cohesive intermolecular forces between
liquid molecules.

Inside a liquid, molecules are attracted equally in all directions by neighboring molecules. As a
result, the net force acting on molecules within the liquid is zero. However, molecules at the liquid
surface experience an inward attractive force because there are no molecules above them. This
creates tension along the surface, causing the liquid to minimize its surface areal”).

The force acting on the liquid surface is represented as:

Y=1I
where:

e y=surface tension

e F=force acting along the liquid surface

e L=Ilength over which the force acts
The SI unit of surface tension is Newton per meter (N /m).
Surface tension is responsible for several observable phenomena such as:

o Formation of spherical water droplets

o Floating of insects on water surfaces

o Formation of soap bubbles

o Capillary action in narrow tubes
Liquids with stronger intermolecular attraction possess greater surface tension. Water has
relatively high surface tension due to hydrogen bonding between water molecules.

Methodology
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The present study employed an experimental research method to investigate the relationship
between surface tension and capillary rise in liquids. The experiment was designed to observe the
rise of liquids in capillary tubes of different radii and to analyze how surface tension, temperature,
and tube diameter influence capillary action. Water and cooking oil were selected as test liquids
because they possess different surface tension values and are easily available for laboratory
experiments!®!,

The experiment was conducted under controlled laboratory conditions to minimize external
disturbances such as temperature fluctuations, contamination, and vibration. The capillary rise
method was chosen because it is one of the simplest and most accurate methods for studying
surface tension and capillary phenomena.

Procedure for Capillary Rise Measurement

1. Clean the capillary tubes thoroughly to remove dust and impurities.

2. Fill a clean beaker with distilled water.
3. Place the capillary tube vertically into the liquid.
4. Observe the liquid rise inside the tube.
5. Measure the height of the liquid column above the external liquid level using a ruler.
6. Repeat the procedure for capillary tubes with different radii.
7. Record all observations in a table.
The capillary rise was determined using:
B = 2ycos 6
pgr

where:

e h=height of capillary rise

e y=surface tension

e 0O=contact angle

e p=density of liquid

e g=acceleration due to gravity

o r=radius of capillary tube
Observation Tables

Table 1: Effect of Tube Radius on Capillary Rise (Water)

Tube Radius (mm) | Height of Capillary Rise (cm)
0.5 6.2
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1.0 3.1
1.5 2.1
2.0 1.5

Table 2: Effect of Temperature on Capillary Rise

Temperature (°C) | Capillary Rise (cm)
25 6.2
40 54
60 4.2
80 3.1

Results and Discussion

The experiment clearly demonstrated that capillary rise depends strongly on surface tension and
the radius of the capillary tube.

1. Effect of Tube Radius on Capillary Rise

The experimental results showed that liquids rose higher in narrower capillary tubes. The smallest
tube radius (0.5 mm) produced the highest capillary rise, while larger radii produced lower
capillary heights!!!.

The relationship between capillary rise and tube radius is represented as:
h o —
r

This inverse relationship confirms Jurin’s Law, which states that capillary rise decreases as tube
radius increases.
The reason for this behavior is that narrower tubes allow surface tension forces to dominate over
gravitational forces more effectively. Therefore, liquids can rise to greater heights in thin capillary
tubes!!].
2. Effect of Surface Tension on Capillary Rise
The results also confirmed that capillary rise is directly proportional to surface tension.
The relationship is expressed as:

h oy
Liquids with higher surface tension exhibited greater capillary rise because stronger cohesive
forces pulled the liquid upward more effectively.
Water showed greater capillary rise than cooking oil because water possesses stronger
intermolecular attraction due to hydrogen bonding.
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Conclusion
The present study concludes that surface tension and capillary rise are closely related physical
phenomena governed by intermolecular forces within liquids. Experimental observations showed
that liquids with higher surface tension produced greater capillary rise, while liquids with lower
surface tension exhibited smaller capillary heights. The study also confirmed that capillary rise is
inversely proportional to the radius of the capillary tube, meaning that narrower tubes allow
liquids to rise higher due to stronger capillary forces. Temperature was found to have a significant
effect on surface tension and capillary action. As temperature increased, the surface tension of the
liquid decreased because higher thermal energy weakened the cohesive forces between molecules.
Consequently, the height of capillary rise also decreased at higher temperatures. The experiment
further demonstrated the important roles of adhesion and cohesion in determining the movement
of liquids within narrow tubes. Overall, the results obtained were consistent with Jurin’s Law and
the theoretical principles of fluid mechanics. The study highlighted the importance of surface
tension and capillary rise in various natural and industrial processes such as water transport in
plants, soil moisture movement, ink absorption, filtration systems, medical diagnostics, and
microfluidic technologies. Therefore, understanding the relationship between surface tension and
capillary rise is essential for advancing scientific knowledge and improving engineering
applications involving fluid behavior in confined spaces.
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