UNIT — IV CHARACTERIZATION METHODS:

Average molecular weight concept - Number,

weight and viscosity average molecular weights

Number:

e Average molecular weight (MW) is a fundamental concept in polymer chemistry, crucial for understanding

polymer properties and behavior.
e It represents the average mass of polymer molecules in a sample, indicating the size of the polymer chains.

e There are two primary types of average molecular weights: number average molecular weight (Mn) and

weight average molecular weight (Mw).

e Number average molecular weight (Mn) is calculated by summing the products of the number of molecules

of each species and their respective molecular weights, then dividing by the total number of molecules.

e Mnis a measure of the distribution of molecular sizes in a polymer sample, emphasizing the contribution of

each individual polymer chain equally, regardless of its size.

e Mathematically, Mn can be expressed as the sum of (niMi) divided by the total number of molecules (N),
where ni represents the number of molecules of a particular species and Mi is the molecular weight of that

species.

e Mnis particularly useful in determining the degree of polymerization and in characterizing polymerization

reactions.

e Itis calculated experimentally through techniques such as gel permeation chromatography (GPC) or size

exclusion chromatography (SEC).

e Mnis an essential parameter for polymer engineers and scientists in controlling the properties of polymers

for various applications.




e Understanding the concept of Mn aids in designing polymers with specific desired properties, such as

mechanical strength, flexibility, and thermal stability.

e Number average molecular weight provides insight into the molecular size distribution within a polymer

sample, contributing to the overall understanding of its physical and chemical properties.

Weight:

e Average molecular weight (MW) concept in polymer chemistry is crucial for understanding the distribution

of molecular sizes within a polymer sample.

e Weight average molecular weight (Mw) is one of the methods to calculate the average molecular weight of a

polymer sample, taking into account the weight fraction of each polymer chain.

e Itis calculated using the formula: Mw = X(wi * Mi) / Zwi where wi represents the weight fraction of polymer

chains with molecular weight Mi.

e The weight average molecular weight gives more weight to the larger polymer chains because it considers

the contribution of each chain proportional to its weight.

e It provides information about the overall size of the polymer sample and is often used in conjunction with
other measures such as number average molecular weight (Mn) and polydispersity index (PDI) to

characterize polymer samples comprehensively.

e Weight average molecular weight is influenced by the presence of high molecular weight species in the

sample, which can significantly affect the polymer's properties.

e Techniques such as gel permeation chromatography (GPC) or size exclusion chromatography (SEC) are

commonly used to determine the weight average molecular weight of polymer samples.

e Knowledge of the weight average molecular weight is essential for predicting the physical properties,

processing behavior, and performance of polymer materials in various applications.

e Polydispersity, which is the distribution of molecular weights within a polymer sample, can also be assessed

using the weight average molecular weight. A broader distribution indicates a higher polydispersity index.

viscosity average molecular weights

¢ Average Molecular Weight Concept:
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e In polymer chemistry, it's often useful to describe a polymer sample in terms of its molecular weight.

e Since polymers exhibit a distribution of chain lengths, it's impractical to describe them solely by their

individual molecular weights.

e Average molecular weight concepts provide a representative value that describes the entire polymer

sample.
e Viscosity Average Molecular Weight (Mv):

e Viscosity average molecular weight (Mv) is one of the methods used to determine the average

molecular weight of a polymer.
e It's based on the measurement of a polymer's intrinsic viscosity (n) in solution.

e The intrinsic viscosity is determined by measuring the flow rate of a polymer solution through a

capillary viscometer compared to the flow rate of the pure solvent.

e The viscosity of a polymer solution is influenced by its molecular weight; higher molecular weight

polymers generally have higher viscosities.
e Mark-Houwink equation relates the intrinsic viscosity to the molecular weight of the polymer:
n = KM?, where K and a are constants.

e By plotting log(n) vs. log(M), a straight line is obtained, where the slope gives the value of the

exponent a and the intercept provides the value of the constant K.

e The viscosity average molecular weight (Mv) can be calculated using the Mark-Houwink equation

and measured intrinsic viscosity.
e Advantages and Limitations:
e Advantages:

e Viscosity average molecular weight provides a measure of the polymer's average size in

solution.
e It can be determined experimentally with relative ease.
¢ Limitations:

e It's dependent on the choice of solvent and temperature, which can affect the accuracy of

the measurement.

e It's not suitable for all types of polymers, especially those that exhibit significant non-

Newtonian behavior.
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e Requires calibration using standards of known molecular weights for accurate results.
e Applications:
e Viscosity average molecular weight is often used in industries such as plastics, textiles, and coatings.
e It helps in characterizing polymer samples for quality control purposes.

e |taids in understanding polymer processing behavior and predicting properties like mechanical

strength, durability, and solubility.

Measurement of molecular weights - End

group, viscosity, lightscattering, osmotic and

ultracentrifugation methods.

End group

¢ Introduction to Molecular Weight Measurement:

e Molecular weight is a critical parameter in polymer chemistry, influencing various properties like

mechanical strength, viscosity, and processing characteristics.

o Different methods exist to determine molecular weights, each with its own advantages and

limitations.
e End Group Analysis:

e End group analysis is a technique used to determine the molecular weight of polymers by analyzing

the end groups.

e The method relies on the fact that polymers typically have specific end groups that can be identified

and quantified.
e Functional Group Analysis:

e In functional group analysis, the concentration of specific functional groups at the ends of polymer

chains is determined.




e These functional groups can be quantified using techniques like titration, spectroscopy (e.g., IR,

NMR), or chromatography.
¢ Example Techniques:

e Titration Methods: Acid-base titrations can be used to determine the concentration of acidic or

basic end groups.

e Spectroscopic Methods: IR or NMR spectroscopy can identify specific functional groups and quantify

their concentrations.

e Chromatographic Methods: Gel permeation chromatography (GPC) or size exclusion
chromatography (SEC) separates polymers based on size, providing information about molecular

weight distribution.
e Calculation of Molecular Weight:

e Once the concentration of end groups is determined, the average molecular weight can be

calculated using appropriate conversion factors.

e For example, in the case of functional group analysis, the number of functional groups per polymer

chain and their molecular weight contribution are considered.
e Advantages and Limitations:

e Advantages: End group analysis can provide valuable information about the molecular weight

distribution and the presence of impurities or end group variations.

e Limitations: It may not be suitable for highly branched or cross-linked polymers, and the accuracy of

the method depends on the accuracy of end group determination.
e Applications:

e End group analysis is commonly used in research and industry for quality control, process

optimization, and understanding polymerization mechanisms.

e It can also aid in the design of polymers with specific properties by controlling the molecular weight

and end group functionality.

Viscosity:

1. Introduction to Molecular Weight Measurement:
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e Molecular weight is a crucial parameter in polymer science as it directly influences polymer

properties.

e There are various methods to determine molecular weights, each with its own advantages and

limitations.

2. Viscometry:

e Viscometry is a widely used technique for determining molecular weights of polymers based on their

solution viscosity.
e It measures the resistance of a fluid (polymer solution) to flow under an applied force.
3. Principle of Viscometry:

e The principle is based on the relationship between the viscosity of a polymer solution and its

molecular weight.

e Higher molecular weight polymers generally have higher viscosities due to increased chain

entanglements and interactions.

4. Types of Viscometers:

e Ostwald Viscometer: Commonly used for dilute polymer solutions. It measures the flow time of a

solution through a capillary.

e Ubbelohde Viscometer: Suitable for more viscous solutions. It operates similarly to the Ostwald

viscometer but with a wider range of viscosities.

e Capillary Viscometers: Utilize the Hagen-Poiseuille equation to relate viscosity to flow properties.

5. Determination of Intrinsic Viscosity:

e Intrinsic viscosity ([n]) is a measure of the molecular size of polymers in solution.

e Itis obtained by extrapolating the viscosity of polymer solutions to zero concentration.

e Mark-Houwink equation relates intrinsic viscosity to molecular weight and polymer structure.
6. Applications:

e Viscometry finds applications in polymer characterization, quality control, and research.

e Itis particularly useful for linear polymers with well-defined structures.

Lightscattering
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Measurement of Molecular Weights - Light Scattering
Explanation:
1. Principle of Light Scattering:

e Light scattering refers to the phenomenon where light deviates from its straight path due to

interaction with particles or molecules in a medium.

e In polymer chemistry, light scattering is used to determine the molecular weight of polymers based

on the intensity of scattered light.
2. Static Light Scattering (SLS):

e SLS measures the intensity of light scattered by polymer molecules at a fixed angle (typically 90

degrees) relative to the incident light.

e The intensity of scattered light is directly proportional to the weight-average molecular weight (Mw)

of the polymer.
3. Dynamic Light Scattering (DLS):

e DLS measures the time-dependent fluctuations in scattered light intensity caused by Brownian

motion of polymer molecules.

e From these fluctuations, the diffusion coefficient of polymer molecules and hence their size

(hydrodynamic radius) can be determined.
e By combining DLS with other parameters, such as viscosity, the molecular weight can be calculated.
4. Applications:

e Quality Control: Light scattering techniques are employed in polymer manufacturing to ensure the

consistency and quality of polymer products by monitoring molecular weight distributions.

¢ Research and Development: Researchers use light scattering to study the behavior of polymers in solution,

aiding in the development of new materials with tailored properties.

e Biomedical Applications: Light scattering is utilized in the characterization of biomacromolecules such as

proteins and nucleic acids, facilitating drug delivery and biomedical device development.

e Environmental Monitoring: Light scattering techniques can be applied to analyze pollutants and
contaminants in the environment, such as microplastics, aiding in environmental monitoring and

remediation efforts.

e Pharmaceuticals: In pharmaceutical industries, light scattering is used to determine the molecular weight

and size distribution of polymers used in drug formulations, ensuring their efficacy and stability.
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osmotic method:

1. Principle: Osmotic pressure is the pressure exerted by a solvent across a semipermeable membrane
separating two solutions with different solute concentrations. The osmotic pressure is directly proportional

to the concentration of solute particles in the solution.

2. Setup: In the osmotic method, a polymer solution of known concentration is separated from the pure
solvent by a semipermeable membrane. The osmotic pressure is then measured and used to calculate the

molecular weight of the polymer.

3. Osmometer: A device called an osmometer is used to measure the osmotic pressure. It typically consists of a
cell containing the polymer solution separated from the pure solvent by the semipermeable membrane. The

pressure difference across the membrane is measured, which is directly related to the osmotic pressure.

4. Colligative Property: Osmotic pressure is a colligative property, meaning it depends only on the number of
solute particles in the solution, not their identity. This property makes osmotic methods suitable for

determining the molecular weights of polymers, which are typically large and complex molecules.

5. Calculation: The osmotic pressure is measured experimentally and then used in the van't Hoff equation to
calculate the number-average molecular weight (Mn) or weight-average molecular weight (Mw) of the
polymer. The van't Hoff equation relates osmotic pressure (M) to the molar concentration of the solute (c)

and the temperature (7):

M=ixcxRxT
Where:
e [N = osmotic pressure
e j=van't Hoff factor (typically 1 for non-ionic solutes)
e ¢ =molar concentration of solute
e R =gas constant
e T =temperature
6. Application:

e Quality Control: Determination of molecular weights of polymers is crucial in quality control
processes in polymer industries. By knowing the molecular weight, manufacturers can ensure

consistency in their products.
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e Research and Development: Polymer scientists and researchers use osmotic methods to study the
molecular weights of newly synthesized polymers. This helps in understanding the structure-

property relationships and in developing new materials with specific characteristics.

e Process Optimization: Understanding the molecular weight distribution of polymers helps in
optimizing processing conditions such as viscosity, mechanical properties, and thermal stability.

Osmotic methods provide valuable data for optimizing these parameters.

e Biomedical Applications: In biomedical research, determining the molecular weights of biopolymers
like proteins and nucleic acids is essential for understanding their functions and designing

therapeutic agents. Osmotic methods are often employed for this purpose.

e Environmental Monitoring: Polymer pollutants in the environment can be characterized by their
molecular weights. Osmotic methods can be used to determine the molecular weights of these

pollutants, aiding in environmental monitoring and remediation efforts.

Ultracentrifugation method:

Measurement of Molecular Weights - Ultracentrifugation Method
Explanation:

1. Principle: Ultracentrifugation is a technique based on the principle of centrifugal force, which separates
molecules based on their molecular weights and sizes. In this method, a sample solution is subjected to high
centrifugal forces in an ultracentrifuge, causing particles to sediment at different rates depending on their

molecular weights.
2. Sample Preparation:
e Samples need to be dissolved in a suitable solvent to form a homogeneous solution.

e The concentration of the sample should be carefully controlled to avoid aggregation or interaction

between molecules.
3. Instrumentation:

e Ultracentrifuge: This is a high-speed centrifuge capable of generating very high centrifugal forces,

typically in the range of 100,000 to 1,000,000 times the force of gravity.

e Rotors: Various types of rotors are used depending on the application and sample volume. They

come in different sizes and shapes to accommodate different sample holders.

o Detector: Detection systems such as absorbance, interference, or refractive index detectors are

often used to monitor the sedimentation process and measure the concentration gradients.
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4. Procedure:
e The sample solution is loaded into a centrifuge tube or cell.
e The loaded tubes are placed in the rotor of the ultracentrifuge.
e The rotor is then accelerated to very high speeds, generating centrifugal forces.

e Over time, molecules in the sample solution sediment towards the bottom of the tube at different

rates depending on their molecular weights.

The sedimentation process is monitored using appropriate detectors.
5. Analysis:

e By analyzing the sedimentation profiles obtained from the ultracentrifuge, one can determine the

distribution of molecular weights in the sample.

e The rate of sedimentation is influenced by the size and shape of the molecules, as well as the density

and viscosity of the solvent.

6. Applications:

Determination of Polymer Molecular Weights: Ultracentrifugation is widely used in polymer

chemistry to determine the molecular weights of polymers.

e Quality Control: It is used in the quality control of polymers and other macromolecules to ensure

consistency and purity.

e Biological Applications: Ultracentrifugation is also employed in biological research to study the

molecular weights and structures of proteins, nucleic acids, and other biomolecules.

e Characterization of Nanoparticles: It can be used to characterize the size and distribution of

nanoparticles in colloidal suspensions.

Analysis and testing of polymers- Chemical

analysis, spectroscopic methods, thermal

Analysis.




Chemical analysis:

Analysis and Testing of Polymers - Chemical Analysis
1. Overview of Chemical Analysis of Polymers:

e Chemical analysis of polymers involves techniques to determine the chemical composition, molecular

structure, and properties of polymers.
e It helps in quality control, characterization, and understanding of polymer behavior.
2. Fourier Transform Infrared Spectroscopy (FTIR):

e Explanation: FTIR measures the absorption of infrared radiation by functional groups in the polymer,

providing information about chemical bonds and structures.

e Application: Identification of polymer types, characterization of copolymers, detection of additives or

impurities, and assessment of polymer degradation.
3. Nuclear Magnetic Resonance (NMR) Spectroscopy:

e Explanation: NMR detects signals from atomic nuclei in the polymer, providing information about the

molecular structure, connectivity, and dynamics.
e Application: Determination of polymer chain length, branching, tacticity, and configuration.
4. Gel Permeation Chromatography (GPC):

e Explanation: GPC separates polymers based on their molecular size in solution, providing information about

molecular weight distribution.

e Application: Characterization of molecular weight distribution, determination of polymer purity, and asse .

e Application:

e Quality control in polymer manufacturing.

e Characterization of polymer properties for material selection.

e Investigation of polymer structure-property relationships.

e Assessment of polymer degradation and aging.

e Development of new polymer materials with tailored properties.

e ssment of polymer degradation.
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spectroscopic methods:

Analysis and Testing of Polymers - Spectroscopic Methods

Spectroscopic methods are widely used in the analysis and testing of polymers due to their ability to provide detailed
structural information about polymer chains. These methods utilize the interaction of polymers with electromagnetic

radiation to analyze their properties.
1. Fourier Transform Infrared Spectroscopy (FTIR):

e Principle: FTIR measures the absorption of infrared radiation by a sample. The absorption peaks correspond

to specific functional groups in the polymer molecules.

e Explanation: Different functional groups absorb infrared radiation at characteristic frequencies, allowing

identification of the polymer's chemical structure.

e Application: Used for polymer identification, assessing chemical composition, monitoring chemical

reactions, and studying polymer degradation.
2. Nuclear Magnetic Resonance (NMR) Spectroscopy:
e Principle: NMR detects the magnetic properties of certain atomic nuclei within the polymer molecule.

e Explanation: NMR provides information on the connectivity, configuration, and conformation of polymer

chains, as well as the presence of impurities.

e Application: Used for determining polymer structures, tacticity (arrangement of stereoisomers), molecular

weight distribution, and polymerization kinetics.
3. Ultraviolet-Visible (UV-Vis) Spectroscopy:
e Principle: UV-Vis measures the absorption of ultraviolet and visible light by a sample.

e Explanation: Conjugated polymers absorb UV-Vis radiation due to the m-electron transitions within the

polymer backbone.

e Application: Used to determine the degree of polymerization, study polymer stability, and assess the

presence of impurities or additives.
4. Raman Spectroscopy:
e Principle: Raman spectroscopy measures the scattering of monochromatic light by a sample.

e Explanation: Raman shifts result from molecular vibrations, providing information about the polymer's

chemical structure and morphology.
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e Application: Used for polymer characterization, identification of crystallinity, studying molecular

interactions, and analyzing polymer blends.

Thermal Analysis:

Analysis and Testing of Polymers - Thermal Analysis
Explanation:

1. Definition: Thermal analysis refers to a group of techniques used to study the properties of polymers as they
change with temperature. It involves the measurement and analysis of changes in physical or chemical

properties of polymers as a function of temperature.
2. Types of Thermal Analysis:

e Differential Scanning Calorimetry (DSC): Measures the heat flow to or from a sample as a function of
temperature or time. It provides information on phase transitions, such as melting point, glass

transition temperature, and degree of crystallinity.

e Thermogravimetric Analysis (TGA): Measures the weight change of a sample as a function of
temperature or time under controlled atmosphere. It is used to determine thermal stability,

decomposition temperature, and the presence of additives or impurities.

e Differential Thermal Analysis (DTA): Measures temperature differences between a sample and a
reference material as they both undergo controlled temperature programs. It provides information

on phase transitions and reactions occurring in the sample.
3. Applications:

e Quality Control: Thermal analysis techniques are widely used in the polymer industry for quality
control purposes. They help in ensuring the consistency and reliability of polymer products by

monitoring parameters such as melting point, crystallinity, and thermal stability.

e Material Characterization: Thermal analysis provides valuable insights into the thermal behavior of
polymers, aiding in material characterization. This includes determining the suitability of polymers

for specific applications based on their thermal properties.

e Product Development: Understanding the thermal properties of polymers is crucial in the
development of new products. Thermal analysis techniques help in optimizing processing conditions,

selecting appropriate additives, and improving the performance of polymer materials.
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¢ Identification of Additives: TGA can be used to identify the presence of additives or impurities in
polymers by observing characteristic decomposition patterns. This is important for ensuring

compliance with regulatory standards and assessing the purity of polymer samples.

¢ Research and Innovation: Thermal analysis plays a significant role in research and innovation within
the field of polymer chemistry. It helps in elucidating the structure-property relationships of

polymers, investigating phase transitions, and exploring new applications for polymer materials.
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