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ABOUT THE STUDY
Synthetic polymers generally exhibit molecular weight and 
chemical composition dispersion. Gradient liquid 
chromatography can be used to analyze the Chemical-
Composition Distribution (CCD). This method's CCD is 
frequently complicated with an underlying Molecular-Weight 
Distribution (MWD). In this study, it shows that very steep 
gradients can diminish the impact of the MWD, and that such 
gradients are best implemented via recycling gradient liquid 
chromatography (LCLC). Even when high-molecular-weight 
standards with narrow dispersity are not easily accessible, this 
technique allows for a more accurate estimation of the CCD and 
the assessment of (approximate) critical conditions (if they exist).

The performance and utility of the technique is proved for 
numerous polystyrene standards and for the separation of 
styrene/methyl methacrylate and methyl methacrylate/butyl 
methacrylate statistical copolymers. In the latter scenario, the 
approximate critical compositions of the copolymers were 
computed using the critical compositions of two homopolymers 
and one copolymer of known chemical composition, allowing the 
CCD of unknown samples to be determined. Using this method, 
it is demonstrated that the copolymers elute much closer to the 
expected critical compositions once the gradient is recycled.

The gap between observed and projected elution composition 
falls from 7.9% without recycling to 1.4% with recycling for the 
lowest-molecular-weight copolymer. To lessen the impact of a 
polymer's molar mass in Reversed-Phase Liquid Chromatography 
(RPLC), one must understand how a polymer's retention time 
works. Its chemical makeup and molecular weight have an 
impact. The retention duration grows linearly with the analyte 
retention factor under isocratic conditions, which is determined 
by the analyte distribution equilibrium between the stationary 
and mobile phases. When the analyte polymer's solubility in the 
mobile phase is not a limiting factor, one of four scenarios can 
occur: i) the polymer elutes in order of high to low molecular 
weight before the void volume of the column, without 
interacting with the stationary phase, and thus eluting primarily 
based on its hydrodynamic volume (i.e. Size Exclusion 
Chromatography (SEC)); ii) the polymer elutes in order of low to 

high molecular weight at a volume greater than the void volume 
of the column due to differential adsorption on (or partitioning 
into) the stationary phase (i.e. liquid adsorption chromatography 
(LAC)); iii) the polymer elutes without a significant molecular-
weight dependence, which is often attributed to a balance 
between enthalpic adsorption and the retention factor for a 
homopolymer treated to LAC grows almost exponentially with 
molar mass. Gradient elution is often utilised for the LAC 
analysis of high-molecular-weight analytes to prevent this. In the 
case of a gradient, grows with time, which often leads to a 
reduction in with time (assuming the initial is sufficiently big). In 
today's world, synthetic polymers play an essential function. 
These materials are widely used examples include polyurethane 
foam cushions, aramid in optical fibre cables and jet engine 
casings, polytetrafluoroethylene in low friction bearings or 
nonstick pans, and many more. The examination of these 
materials and their underlying distributions is critical for 
continuing to create new products customized to specific 
applications. For homopolymers, they include size or Molecular 
Weight  Distributions (MWD), Degree of Branching (DBD), 
functionality-type/end-group and Molecular Architecture (MAD). 
Other distributions exist for copolymers in terms of chemical 
composition (CCD) and sequence or Block Length (BLD), and 
certain distributions, such as degree-of-substitution and/or 
tacticity, are key properties of specific types of polymers. 
Typically, some type of Liquid Chromatography (LC) is used to 
evaluate and comprehend the link between these distributions 
and the final material qualities. Size-Exclusion Chromatography 
(SEC), for example, is the current gold standard for MWD 
analysis and is frequently coupled with other detectors to provide 
additional information such as the change in average chemical 
composition across the molecular weight distribution or to assess 
the degree of branching. There is no one, widely acknowledged 
method for determining the CCD. LC techniques based on 
gradient elution, such as reversed-phase liquid chromatography. 
The most common LC methods are Reverse-Phase Liquid 
Chromatography (RPLC) and Normal-phase Liquid 
Chromatography (NPLC), but isocratic LC methods such as 
Temperature-Gradient Interaction Chromatography (TGIC), 
barrier methods such as SEC-gradients (or gradient SEC, gSEC), 
and Thermal Field-Flow-Fractionation (ThFFF) are also used.
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