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DESCRIPTION 

Polymer-drug interactions play an important role in the formulation and 

performance of solid dosage forms, such as tablets and capsules. 

Understanding these interactions is essential for ensuring the efficacy, stability, 

and bioavailability of pharmaceutical products. This article explores various 

analytical methods used to study polymer-drug interactions in solid dosage 

forms, highlighting their principles, applications, and significance in 

pharmaceutical development.  

 

Principles of polymer-drug interactions 

Polymer-drug interactions in solid dosage forms involve complex molecular 

interactions between the polymer excipients and Active Pharmaceutical 

Ingredients (APIs). These interactions can influence various aspects of the 

dosage form, including drug dissolution, release kinetics, physical stability, and 

compatibility. Common types of polymer-drug interactions include hydrogen 

bonding, electrostatic interactions, hydrophobic interactions, and 

complexation[1].  
 

Analytical methods for studying polymer-drug interactions 

Fourier Transform Infra-Red spectroscopy (FTIR): FTIR spectroscopy is a 

powerful technique used to analyse molecular interactions between polymers 

and drugs in solid dosage forms. By measuring the absorption of infrared 

radiation, FTIR can identify functional groups and chemical bonds involved in 

polymer-drug interactions. Changes in peak intensity, frequency, or shape in 

the FTIR spectrum indicate the formation of new interactions or alterations in 

molecular structure [2]. 

 

Differential Scanning Calorimetry (DSC): DSC is widely employed to study the 

thermal behavior of polymer-drug systems. By measuring heat flow as a 

function of temperature, DSC can detect phase transitions, such as melting, 

crystallization, or glass transition, associated with polymer-drug interactions. 
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Changes in the melting temperature, enthalpy, or degree of crystallinity provide insights into the compatibility and 

interaction between polymers and drugs.  

 

X-Ray Diffraction (XRD): XRD is used to analyse the crystalline structure of drugs and polymers in solid dosage forms. 

By exposing the sample to X-ray radiation, XRD can identify the presence of crystalline phases, polymorphic forms, or 

crystallinity changes induced by polymer-drug interactions. Shifts in peak position, intensity, or width in the XRD 

pattern indicate alterations in the crystalline structure resulting from interactions between polymers and drugs [3]. 
 

Nuclear Magnetic Resonance (NMR) spectroscopy: NMR spectroscopy provides detailed information about the 

molecular structure and dynamics of polymer-drug complexes. By analysing proton or carbon nuclei in the sample, 

NMR can elucidate the nature and strength of intermolecular interactions, such as hydrogen bonding or hydrophobic 

interactions. Chemical shift changes, coupling constants, or relaxation parameters reveal the extent of polymer-drug 

interactions in solid dosage forms. 

 

Surface analysis techniques: Surface analysis techniques, such as Scanning Electron Microscopy (SEM) and Atomic 

Force Microscopy (AFM), are utilized to visualize the morphology and surface properties of polymer-drug formulations. 

SEM provides high-resolution images of the sample surface, allowing for the observation of particle size, shape, and 

distribution. AFM offers nanoscale topographical information and can detect changes in surface roughness or 

adhesion resulting from polymer-drug interactions [4]. 

 

Significance of analytical methods in pharmaceutical development 

Analytical methods for determining polymer-drug interactions are integral to the development and optimization of 

solid dosage forms. By understanding the mechanisms and consequences of these interactions, pharmaceutical 

scientists can design formulations with enhanced drug solubility, dissolution rate, and bioavailability. Moreover, 

analytical techniques facilitate the identification of potential drug-excipient incompatibilities or stability issues, 

enabling the selection of suitable polymers and formulation strategies. 

 

Analytical methods play a pivotal role in elucidating polymer-drug interactions in solid dosage forms, providing 

valuable insights into formulation development, compatibility assessment, and product performance. By employing 

a combination of spectroscopic, thermal, diffraction, and surface analysis techniques, pharmaceutical scientists can 

comprehensively characterize polymer-drug systems and optimize formulation parameters to achieve desired drug 

release profiles and therapeutic outcomes. A thorough understanding of polymer-drug interactions is essential for 

ensuring the quality, efficacy, and safety of solid dosage forms in pharmaceutical development [5]. 
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