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Diffusion in Polymers:
Understanding the Crank
Mechanism
Understanding how molecules move within polymer matrices is
crucial for numerous applications, from drug delivery systems
to the design of high-performance materials. This article delves
into the fascinating world of diffusion in polymers, focusing
on the Crank mechanism, a fundamental model that helps us
predict and understand this complex process. We'll explore the
key principles, applications, and limitations of this vital model,
examining aspects like Fick's laws of diffusion, polymer
chain mobility, and the impact of free volume on the
diffusion process. We'll also consider the practical implications
and limitations of the Crank solution in real-world scenarios.

Understanding Fick's Laws and the
Crank Solution
The cornerstone of diffusion studies lies in Fick's laws. Fick's
first law describes the diffusive flux (J) – the amount of
substance diffusing per unit area per unit time – as proportional



Diffusion In Polymers Crank
2

to the concentration gradient: J = -D(∂C/∂x), where D is the
diffusion coefficient and ∂C/∂x represents the change in
concentration over distance. Fick's second law, a partial
differential equation, describes how the concentration changes
over time due to diffusion: ∂C/∂t = D(∂²C/∂x²).

The Crank solution provides an analytical solution to Fick's
second law for specific boundary conditions, often involving a
semi-infinite medium. This is particularly useful when studying
diffusion into a polymer film or slab. The Crank solution
assumes a constant diffusion coefficient, a condition that isn't
always met in reality, as the diffusion coefficient in polymers is
often temperature and concentration-dependent. However, it
serves as a valuable starting point for understanding the
fundamental principles of diffusion. The solution often involves
error functions or complementary error functions, leading to
predictions of concentration profiles as a function of time and
position.

### Impact of Polymer Chain Mobility and Free Volume

The diffusion coefficient (D) is not a constant material property;
it's significantly affected by the polymer chain mobility and
the available free volume. Free volume refers to the
unoccupied space between polymer chains. Greater free
volume allows for easier movement of diffusing molecules,
resulting in a higher diffusion coefficient. Factors such as
temperature and polymer structure influence both free volume
and chain mobility. Higher temperatures lead to increased
chain segmental motion and increased free volume, thus
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enhancing the diffusion coefficient. Similarly, polymers with less
densely packed chains or more flexible backbones exhibit
higher diffusion coefficients.

Applications of the Crank Mechanism
and Diffusion in Polymers
The Crank mechanism and the broader understanding of
diffusion in polymers are essential in a wide range of
applications:

Controlled drug delivery: The rate at which a drug
diffuses from a polymer matrix is crucial in designing
controlled-release formulations. The Crank solution helps
predict the drug release profile, allowing for the
optimization of drug dosage and release kinetics.

Membrane separation: Polymer membranes are widely
used for separating different components in mixtures
(e.g., gas separation, water purification). The diffusion
rates of different molecules through the membrane
determine the separation efficiency. Understanding the
underlying diffusion mechanisms is crucial for designing
high-performance membranes.

Protective coatings: The diffusion of oxygen, water, or
other corrosive agents into polymer coatings determines
their protective ability. The Crank model aids in
predicting the lifetime and performance of protective
coatings for various applications.



Diffusion In Polymers Crank
4

Packaging materials: The barrier properties of
packaging materials are often determined by the rate at
which gases or water vapor diffuse through the polymer
film. This directly impacts food preservation and product
shelf life.

Limitations of the Crank Solution and
Advanced Models
While the Crank solution is a powerful tool, it has limitations. Its
core assumption of a constant diffusion coefficient frequently
doesn't hold true for real polymeric systems. The diffusion
coefficient can depend on the concentration of the diffusing
species and the temperature. Moreover, the model often
simplifies the complex polymer structure and ignores
interactions between the diffusing molecule and the polymer
matrix.

To address these limitations, more sophisticated models, often
employing numerical methods, have been developed. These
models incorporate concentration-dependent diffusion
coefficients and account for more realistic polymer structures
and interactions. Molecular dynamics simulations provide
further insights into diffusion at the molecular level.

Conclusion
Diffusion in polymers, analyzed through the lens of the Crank
mechanism and Fick's laws, is a complex yet fundamental
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process with far-reaching implications across various fields.
While the Crank solution provides a valuable simplification and
a solid foundation for understanding the basic principles,
acknowledging its limitations is crucial. Advancements in
modeling techniques and computational power continue to
refine our understanding of this process, leading to the design
of innovative materials and technologies.

FAQ
Q1: What is the difference between diffusion and
permeation?

A1: Diffusion refers to the movement of molecules from a
region of high concentration to a region of low concentration.
Permeation, on the other hand, involves the diffusion of a
substance *through* a material, implying both diffusion and
sorption (absorption into the material). Permeation is often
characterized by a permeation coefficient, which combines the
diffusion coefficient and the solubility of the diffusing species in
the material.

Q2: How does temperature affect diffusion in polymers?

A2: Increasing temperature generally increases the diffusion
coefficient in polymers. Higher temperatures lead to increased
polymer chain segmental motion and greater free volume,
making it easier for molecules to diffuse through the polymer
matrix. The relationship between temperature and diffusion
coefficient is often described by an Arrhenius-type equation.
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Q3: What are some factors that influence the diffusion
coefficient in polymers besides temperature?

A3: Besides temperature, the diffusion coefficient is
significantly affected by: the chemical nature of the diffusing
species and the polymer; the molecular weight of the diffusing
species (smaller molecules generally diffuse faster); the degree
of crystallinity of the polymer (amorphous regions allow for
faster diffusion); and the presence of fillers or plasticizers in the
polymer.

Q4: Can the Crank solution be applied to all polymer
systems?

A4: No, the Crank solution is most applicable to systems where
the diffusion coefficient is relatively constant and the geometry
is relatively simple (e.g., a semi-infinite slab). For more complex
systems with concentration-dependent diffusion coefficients,
non-linear concentration profiles, or complex geometries, more
sophisticated models are required.

Q5: What are some alternative methods for studying
diffusion in polymers?

A5: Besides using analytical solutions like the Crank solution,
experimental techniques such as sorption studies, permeation
measurements, nuclear magnetic resonance (NMR), and
secondary ion mass spectrometry (SIMS) are frequently
employed to determine diffusion coefficients and investigate
diffusion mechanisms in polymers. Molecular dynamics
simulations offer a powerful computational approach to study
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diffusion at the molecular level.

Q6: How can I determine the diffusion coefficient
experimentally?

A6: The diffusion coefficient can be experimentally determined
through various methods, including: following the concentration
change over time in a diffusion experiment (using techniques
like gravimetric analysis or spectroscopy), and analyzing the
permeation rate through a polymer membrane.

Q7: What are the future implications of research in
polymer diffusion?

A7: Future research will likely focus on developing more
accurate and predictive models that account for the
complexities of real polymer systems, including concentration-
dependent diffusion, non-Fickian diffusion, and the influence of
polymer morphology. This will lead to advancements in the
design of advanced materials with tailored diffusion properties
for various applications.

Unraveling the Mysteries of Diffusion
in Polymers: A Deep Dive into the
Crank Model
Understanding how substances move within polymeric
materials is crucial for a extensive range of applications, from
crafting high-performance membranes to developing new drug
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delivery systems. One of the most fundamental models used to
understand this complex process is the Crank model, which
describes diffusion in a extensive system. This essay will delve
into the nuances of this model, investigating its premises,
applications, and shortcomings.

The Crank model, named after J. Crank, streamlines the
involved mathematics of diffusion by assuming a unidirectional
transport of penetrant into a fixed polymeric matrix. A crucial
premise is the constant diffusion coefficient, meaning the rate
of penetration remains uniform throughout the process. This
approximation allows for the determination of relatively simple
mathematical formulas that represent the amount pattern of
the penetrant as a function of period and location from the
boundary.

The result to the diffusion equation within the Crank model
frequently involves the cumulative distribution. This probability
represents the integrated likelihood of finding a molecule at a
particular distance at a given point. Visually, this presents as a
characteristic S-shaped curve, where the amount of the
substance gradually climbs from zero at the surface and slowly
tends a constant amount deeper within the polymer.

The Crank model finds broad application in various fields. In
pharmaceutical technology, it's instrumental in forecasting drug
release velocities from polymeric drug delivery systems. By
changing the attributes of the polymer, such as its
permeability, one can regulate the penetration of the medicine
and achieve a target release profile. Similarly, in membrane
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science, the Crank model aids in developing filters with desired
permeability properties for uses such as fluid purification or gas
separation.

However, the Crank model also has its limitations. The premise
of a constant diffusion coefficient often falters down in
application, especially at higher amounts of the substance.
Additionally, the model overlooks the effects of anomalous
diffusion, where the penetration behaviour deviates from the
fundamental Fick's law. Therefore, the precision of the Crank
model reduces under these conditions. More complex models,
incorporating non-linear diffusion coefficients or accounting
other variables like substrate relaxation, are often required to
simulate the complete sophistication of diffusion in practical
scenarios.

In essence, the Crank model provides a valuable foundation for
understanding diffusion in polymers. While its reducing
premises lead to elegant mathematical results, it's essential to
be cognizant of its shortcomings. By integrating the insights
from the Crank model with further sophisticated approaches,
we can obtain a better understanding of this fundamental
mechanism and exploit it for designing innovative materials.

Frequently Asked Questions (FAQ):

1. What is Fick's Law and its relation to the Crank
model? Fick's Law is the fundamental law governing diffusion,
stating that the flux (rate of diffusion) is proportional to the
concentration gradient. The Crank model solves Fick's second
law for specific boundary conditions (semi-infinite medium),
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providing a practical solution for calculating concentration
profiles over time.

2. How can I determine the diffusion coefficient for a
specific polymer-penetrant system? Experimental methods,
such as sorption experiments (measuring weight gain over
time) or permeation experiments (measuring the flow rate
through a membrane), are used to determine the diffusion
coefficient. These experiments are analyzed using the Crank
model equations.

3. What are some examples of non-Fickian diffusion?
Non-Fickian diffusion can occur due to various factors, including
swelling of the polymer, relaxation of polymer chains, and
concentration-dependent diffusion coefficients. Case II diffusion
and anomalous diffusion are examples of non-Fickian behavior.

4. What are the limitations of the Crank model beyond
constant diffusion coefficient? Besides a constant diffusion
coefficient, the model assumes a one-dimensional system and
neglects factors like interactions between penetrants, polymer-
penetrant interactions, and the influence of temperature. These
assumptions can limit the model's accuracy in complex
scenarios.
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