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Intermolecular and surface forces Israelachvili is a foundational concept in understanding the behavior

of matter at interfaces. This article delves into the profound contributions of Professor Jacob N.

Israelachvili to our comprehension of these intricate interactions, exploring the fundamental principles

governing phenomena from adhesion and wetting to protein folding and the stability of colloidal

dispersions. We will dissect the various types of intermolecular forces, their origins, and how they

manifest at surfaces, drawing upon Israelachvili's seminal work and its widespread impact across

scientific disciplines. The objective is to provide a comprehensive overview of his models, experimental

techniques, and the theoretical frameworks he developed for quantifying and predicting surface and

interfacial forces.
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The Legacy of Jacob N. Israelachvili

Professor Jacob N. Israelachvili stands as a towering figure in the field of colloid and surface science.

His pioneering research has revolutionized our understanding of the forces that govern interactions

between molecules and at the interfaces between different phases of matter. Through meticulous

theoretical development and innovative experimental approaches, Israelachvili has provided a unifying



framework for many phenomena previously considered disparate. His work is characterized by its

elegance, quantitative rigor, and broad applicability, influencing research in physics, chemistry, biology,

and engineering.

His seminal book, "Intermolecular and Surface Forces," first published in 1985 and subsequently

revised, has become the definitive text in the field. It systematically breaks down complex interactions

into fundamental components, making them accessible to researchers and students alike. The

principles elucidated by Israelachvili are not merely academic curiosities; they have direct implications

for designing advanced materials, understanding biological processes, and developing novel

technologies.

Understanding Intermolecular Forces

Intermolecular forces are the attractive or repulsive forces that exist between adjacent molecules.

These forces are significantly weaker than intramolecular forces (covalent and ionic bonds that hold

atoms together within a molecule) but are crucial for determining the macroscopic properties of

substances, such as their boiling points, melting points, viscosity, and solubility. Israelachvili’s work

has provided a systematic and quantitative approach to understanding these forces, moving beyond

qualitative descriptions to precise mathematical descriptions.

At their core, intermolecular forces arise from electrostatic interactions between charges, including

permanent dipoles, induced dipoles, and instantaneous fluctuations in electron distribution. The

distance dependence of these forces is critical. While strong at very short distances (leading to

repulsion as electron clouds overlap), they generally decay with distance, with most significant

contributions falling off at distances on the order of molecular diameters or slightly more.

Origins of Intermolecular Attraction

The attraction between molecules can be attributed to several fundamental interactions. These forces,

although individually weak, collectively play a dominant role in many physical and chemical processes.

Israelachvili meticulously detailed the origins and contributions of each type of attractive force,

providing the mathematical basis for their prediction.



London Dispersion Forces: These are ubiquitous forces arising from temporary, instantaneous

fluctuations in electron distribution within molecules, creating transient dipoles that induce dipoles

in neighboring molecules. Even nonpolar molecules exhibit dispersion forces.

Dipole-Dipole Forces: These occur between molecules that possess permanent dipole moments,

such as polar molecules. The positive end of one dipole attracts the negative end of another.

Dipole-Induced Dipole Forces: A polar molecule can induce a temporary dipole in a nonpolar

molecule through electrostatic attraction, leading to a weaker attractive force.

Hydrogen Bonding: A special and particularly strong type of dipole-dipole interaction occurs when

a hydrogen atom is bonded to a highly electronegative atom (like oxygen, nitrogen, or fluorine)

and is attracted to a lone pair of electrons on another electronegative atom in a different

molecule.

Repulsive Forces

While attractive forces dominate at moderate distances, repulsive forces become dominant at very

short distances. This repulsion is primarily due to the Pauli exclusion principle, which prevents

electrons of the same spin from occupying the same region of space. As molecules approach closely,

their electron clouds begin to overlap, leading to a strong repulsive force that prevents molecules from

collapsing into each other. Israelachvili's models accurately capture this short-range repulsion, which is

essential for determining equilibrium separations and understanding phenomena like molecular

packing.

Surface Forces and Their Significance

Surface forces are a subset of intermolecular forces that are particularly important at the interfaces

between different materials or phases. These forces govern a vast array of phenomena, from the way



liquids spread on a solid surface (wetting) to the adhesion between two solids and the stability of

suspensions and emulsions. Israelachvili’s quantitative approach to surface forces has been

instrumental in advancing these fields.

The concept of surface tension, for instance, is a direct consequence of these unbalanced

intermolecular forces at the surface of a liquid. Molecules in the bulk liquid are attracted equally in all

directions, whereas surface molecules are pulled inward and sideways by their neighbors, leading to a

net inward force that minimizes surface area. Israelachvili's work provided a deeper understanding of

the molecular origins of these macroscopic properties.

Adhesion and Cohesion

Adhesion refers to the tendency of dissimilar particles or surfaces to cling to one another, while

cohesion refers to the tendency of similar or identical particles or surfaces to cling to one another. Both

are direct manifestations of intermolecular and surface forces. For example, the adhesion between a

drop of water and a glass surface is governed by the attraction between water molecules and glass

molecules, while the cohesion of water is due to hydrogen bonding between water molecules.

Israelachvili’s studies on adhesion, particularly using atomic force microscopy and surface force

apparatus, allowed for the direct measurement of these forces at the nanometer scale. This provided

empirical validation for theoretical models and offered insights into the factors that influence the

strength of adhesive bonds, such as surface roughness, molecular interactions, and the presence of

intervening layers.

Wetting Phenomena

Wetting describes the ability of a liquid to maintain contact with a solid surface, resulting from

intermolecular interactions when the two substances are brought together. The degree of wetting is

determined by the balance between adhesive forces (between the liquid and the solid) and cohesive

forces (within the liquid). Hydrophilic surfaces readily wet water, while hydrophobic surfaces repel it.

Understanding wetting is critical in applications ranging from printing and coating to biological

processes like lung function and the lubrication of joints. Israelachvili’s framework allowed for the



quantitative prediction of wetting behavior based on the surface energies and intermolecular forces

involved, paving the way for designing surfaces with specific wetting properties.

The Derjaguin-Landau-Verwey-Overbeek (DLVO) Theory and

Beyond

The DLVO theory, developed independently by Derjaguin and Landau, and Verwey and Overbeek, is a

cornerstone in understanding the stability of colloidal dispersions. It describes the interaction energy

between two charged particles in an electrolyte solution as the sum of repulsive electrostatic forces

and attractive van der Waals forces. Israelachvili's work has significantly expanded upon and refined

the DLVO theory, especially by incorporating specific ionic effects and the impact of steric stabilization.

While the classical DLVO theory provides a powerful model, Israelachvili's contributions have

illuminated scenarios where it falls short. He emphasized the importance of specific ion adsorption,

hydration forces, and steric repulsions arising from adsorbed polymer layers. These additional forces

can dramatically alter the overall interaction potential and determine the stability or aggregation

behavior of colloidal systems.

Specific Ion Effects

Israelachvili’s research highlighted how the specific type of ions present in a solution can profoundly

influence surface forces, a phenomenon not fully captured by the basic DLVO theory. Ion adsorption

onto charged surfaces can alter the surface potential, leading to stronger or weaker electrostatic

repulsion. Furthermore, ions can induce structural changes in water layers near surfaces, giving rise to

hydration forces.

His investigations into ion-specific effects have been crucial for understanding phenomena like

flocculation and coagulation in suspensions and the behavior of charged interfaces in biological

systems. The precise manipulation of ion concentrations and types is now a key strategy in controlling

interfacial behavior across various applications.



Steric Stabilization

In many practical systems, colloidal particles are stabilized by adsorbed layers of polymers or

surfactants. These adsorbed layers create a repulsive steric barrier that prevents the particles from

approaching close enough for the attractive van der Waals forces to dominate. Israelachvili

meticulously analyzed the contributions of these steric forces, demonstrating how chain conformation

and concentration gradients lead to osmotic and elastic repulsions.

His quantitative models for steric stabilization have been indispensable for the formulation of paints,

cosmetics, pharmaceuticals, and food products, ensuring their stability and preventing unwanted

aggregation or phase separation. The ability to predict and control steric stabilization is a direct

outcome of the detailed understanding of intermolecular and surface forces that Israelachvili

championed.

Measuring Intermolecular and Surface Forces

A pivotal aspect of Israelachvili's legacy is his instrumental role in developing and popularizing

techniques for directly measuring intermolecular and surface forces at the molecular level. These

techniques have allowed scientists to move beyond theoretical predictions and obtain empirical data

that validates and refines our understanding.

The development of the Surface Force Apparatus (SFA) by Israelachvili and his colleagues was a

groundbreaking achievement. This instrument allows for the precise measurement of forces between

two atomically smooth surfaces as they are brought into contact. By controlling the separation distance

with sub-nanometer precision, researchers can map out the force-distance profiles, revealing the

contributions of various intermolecular forces.

The Surface Force Apparatus (SFA)

The SFA is a highly sensitive instrument capable of measuring forces in the nanoliter range. It typically

involves two optically flat surfaces, such as mica sheets, which are brought together in a controlled

environment. The separation distance between the surfaces is measured optically (using



interferometry), and the forces are measured by monitoring the deflection of a spring system. This

allows for the direct determination of force-distance curves.

The SFA has been instrumental in studying a wide range of phenomena, including adhesion, friction,

lubrication, solvation forces, and the mechanical properties of thin films. Israelachvili utilized the SFA to

conduct landmark experiments that confirmed the existence of repulsion and attraction forces at

separations of molecular dimensions, validating theoretical predictions with remarkable accuracy.

Atomic Force Microscopy (AFM)

While not developed by Israelachvili himself, Atomic Force Microscopy (AFM) is a technique that builds

upon the principles of directly measuring surface forces, often in the context of his theoretical

frameworks. AFM uses a sharp tip mounted on a cantilever to scan a surface, detecting forces

between the tip and the surface. This allows for high-resolution imaging and the measurement of local

surface properties and forces.

AFM has become an indispensable tool in nanoscience and nanotechnology. By employing

functionalized tips or operating in different media, AFM can be used to probe specific intermolecular

interactions, measure adhesion forces between different materials, and investigate the mechanical

properties of soft matter, all within the broader conceptual landscape shaped by Israelachvili’s work on

fundamental surface interactions.

Applications of Israelachvili's Work

The principles of intermolecular and surface forces, as elucidated by Jacob N. Israelachvili, have far-

reaching applications across numerous scientific and technological domains. His quantitative approach

provides the foundation for understanding and engineering systems at the nanoscale.

From the design of advanced materials with tailored properties to the understanding of complex

biological processes, the impact of his research is undeniable. The ability to predict and control

interactions at interfaces is a key driver of innovation in many industries.



Biomedical Applications

In biology, Israelachvili’s work is crucial for understanding protein folding, DNA interactions, cell

adhesion, and the behavior of biomembranes. The forces between proteins, for example, determine

their ability to fold into functional three-dimensional structures and to interact with other molecules. Cell

adhesion, a process fundamental to tissue formation and immune responses, is mediated by specific

surface forces between cell membranes.

The lubrication of biological joints, such as the knee and hip, relies on sophisticated boundary

lubrication mechanisms involving the interplay of surface forces. Israelachvili’s insights have

contributed to understanding how these natural lubrication systems work and how to design artificial

lubricants for medical implants. Drug delivery systems also benefit from a deep understanding of how

molecules interact with biological surfaces and with each other.

Materials Science and Engineering

The development of new materials with specific properties, such as superhydrophobic surfaces, self-

healing polymers, and advanced adhesives, is heavily reliant on controlling intermolecular and surface

forces. For instance, designing coatings that repel water or oil requires a precise understanding of the

surface energy and interactions at the liquid-solid interface.

In nanotechnology, the assembly of nanostructures and the fabrication of devices at the nanoscale are

governed by the subtle forces between nanoparticles and substrates. Israelachvili’s framework

provides the tools to design and predict the outcome of such self-assembly processes. The adhesion

and friction properties of materials, crucial for tribology and the design of robust mechanical

components, are also directly addressed by his theories.

Colloid and Interface Science

The fields of paints, inks, cosmetics, food processing, and detergents are all deeply rooted in colloid

and interface science. The stability of emulsions, the dispersion of pigments, the texture of creams,

and the cleaning efficacy of detergents are all dictated by the forces between particles and the



interfaces between different phases. Israelachvili's quantitative models allow for the rational design of

formulations that achieve desired stability, texture, and performance.

For example, preventing the creaming or settling of particles in a suspension or the separation of oil

and water in an emulsion is achieved by manipulating the balance of attractive and repulsive forces

between the dispersed phase and the continuous phase. His work provides the fundamental

understanding necessary for achieving this control.

Advanced Concepts in Surface Force Measurement

The field continues to evolve, with researchers pushing the boundaries of what can be measured and

understood regarding intermolecular and surface forces. Israelachvili’s foundational work serves as the

bedrock upon which these advanced concepts are built.

Contemporary research often involves combining multiple techniques and exploring more complex

interfacial environments, such as those found in biological systems or under extreme conditions. The

focus is increasingly on dynamic processes and the influence of external stimuli on interfacial behavior.

Hydration Forces and Solvation Forces

Beyond the classical DLVO forces, Israelachvili extensively explored the significance of hydration

forces—repulsive forces arising from the ordering of water molecules near hydrophilic surfaces—and

more generally, solvation forces, which relate to the structured layers of solvent molecules at

interfaces. These forces can be substantial and, at times, dominate over electrostatic or van der Waals

attractions, especially in aqueous systems.

Understanding these hydration layers is critical for comprehending phenomena such as the interaction

between cell membranes, the stability of proteins in aqueous solutions, and the properties of confined

liquids. Israelachvili’s work provided a quantitative framework for these forces, often measured directly

using SFA, revealing their oscillatory nature and distance dependence.



Boundary Lubrication and Friction

The study of friction and lubrication at the molecular level is a direct application of understanding

surface forces. When surfaces are in close contact, the intermolecular forces between them dictate the

resistance to motion. Israelachvili's research has been pivotal in elucidating the mechanisms of

boundary lubrication, where thin films of molecules prevent direct solid-solid contact and reduce friction

and wear.

His work has contributed to the design of advanced lubricants and the understanding of tribological

performance in various engineering applications. The ability to control friction at the nanoscale is

essential for micro- and nano-electromechanical systems (MEMS/NEMS) and for improving the

efficiency and lifespan of mechanical components.

Future Directions in Intermolecular and Surface Force

Research

The journey into understanding intermolecular and surface forces is far from over. As technology

advances and our ability to probe matter at the atomic and molecular scale improves, new frontiers are

constantly emerging. Israelachvili’s legacy provides the essential conceptual toolkit for these future

explorations.

Future research will likely focus on applying these fundamental principles to increasingly complex

systems, developing predictive models for novel materials, and addressing grand challenges in areas

such as sustainable energy, medicine, and environmental science.

Computational Modeling and Simulation

The synergy between experimental measurements and computational modeling is becoming

increasingly vital. Advanced molecular dynamics simulations and density functional theory calculations

are now capable of predicting and explaining the force-distance profiles observed in experiments. This

integration allows for the exploration of systems that are difficult or impossible to study experimentally.



Future work will focus on developing more accurate force fields, incorporating complex solvation

effects, and simulating larger and more dynamic systems. The ability to accurately model these

interactions computationally will accelerate the design and discovery of new materials and processes.

Soft Matter and Biological Interfaces

The intricate world of soft matter and biological interfaces presents some of the most exciting

challenges and opportunities for future research. Understanding the complex interplay of forces within

and between biological molecules, cells, and tissues is paramount for advances in medicine and

biotechnology.

Future research will undoubtedly delve deeper into the dynamic nature of these interactions, the role of

thermal fluctuations, and the response of interfacial systems to external stimuli. The fundamental

understanding of intermolecular and surface forces, pioneered by Israelachvili, will continue to be the

bedrock for progress in these vital areas.

---

Q: What is the primary focus of Professor Jacob N. Israelachvili's work

on intermolecular and surface forces?

A: Professor Jacob N. Israelachvili's primary focus has been on developing a comprehensive,

quantitative understanding of the fundamental forces that govern interactions between molecules and

at interfaces between different phases of matter. He is renowned for his systematic approach to

dissecting these forces and for developing experimental techniques to measure them directly.

Q: Can you explain the role of London dispersion forces in

intermolecular and surface interactions as described by Israelachvili?

A: Israelachvili emphasizes that London dispersion forces are ubiquitous attractive forces arising from



temporary fluctuations in electron distribution, creating instantaneous dipoles that induce dipoles in

neighboring molecules. These forces are crucial for the attraction between all molecules, including

nonpolar ones, and contribute significantly to phenomena like adhesion and the stability of colloidal

systems.

Q: How did Israelachvili's work contribute to the understanding of the

DLVO theory?

A: While the DLVO theory describes electrostatic and van der Waals forces in colloidal systems,

Israelachvili expanded upon it by highlighting the importance of additional forces, such as specific ion

effects, hydration forces, and steric repulsions. His work provided a more nuanced and complete

picture of the interactions between colloidal particles.

Q: What is the significance of the Surface Force Apparatus (SFA) in

the context of Israelachvili's research?

A: The Surface Force Apparatus (SFA) is an instrument developed and extensively used by

Israelachvili and his colleagues. It allows for the direct, high-precision measurement of forces between

atomically smooth surfaces at the nanometer scale, providing empirical data that validates theoretical

models of intermolecular and surface forces.

Q: How are Israelachvili's contributions relevant to modern biomedical

applications?

A: Israelachvili's research is fundamental to understanding protein folding, cell adhesion, the lubrication

of biological joints, and the design of drug delivery systems. His insights into surface forces help

explain how biological molecules interact and how to engineer biomaterials and medical devices.



Q: What are hydration forces and why are they important in the

context of Israelachvili's research?

A: Hydration forces are repulsive forces that arise from the ordering of water molecules near

hydrophilic surfaces. Israelachvili's work showed that these forces can be significant and sometimes

dominate over other attractive forces, particularly in aqueous environments, impacting phenomena like

membrane interactions and protein stability.

Q: In what ways does Israelachvili's work inform materials science and

engineering?

A: His work is crucial for designing materials with tailored properties, such as controlling adhesion,

friction, and wetting behavior. This includes developing advanced coatings, adhesives, nanoparticles,

and understanding the tribological performance of materials.

Q: What is the future direction of research in intermolecular and

surface forces, building on Israelachvili's legacy?

A: Future research is likely to involve more sophisticated computational modeling and simulation,

combined with advanced experimental techniques. There is a growing focus on understanding complex

soft matter and biological interfaces, as well as exploring dynamic interfacial phenomena and the

development of novel functional materials.

Q: How does Israelachvili's work relate to the concept of steric

stabilization in colloidal systems?

A: Israelachvili provided a quantitative framework for understanding steric stabilization, which occurs

when adsorbed polymer layers on particles create a repulsive barrier. His models explain how chain

conformation and concentration affect osmotic and elastic repulsions, preventing particle aggregation.
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