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Thermodynamic and Kinetic of Methylphenidate Hydrochloride

Compounded with lon Exchange Resin
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(1. College of Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China;
2. Academy of Military Medical Sciences, Beijing 100850, China)

Abstract: lon exchange resins (IER) have been used in pharmaceutical preparations to form drug-resin complexes by ion
exchange with drugs, which can be used for taste masking, release rate regulation and improving drug stability. This study
aims to investigate the mechanism of the drug-resin exchange process from thermodynamic and kinetic perspectives, utilizing
various models such as the simple order reaction model, shrinkage core model (SCM), homogeneous diffusion model (HDM),
and Boyd model to explore the factors influencing the drug-resin exchange process. It was found that thermodynamically, the
exchange process between methylphenidate hydrochloride and resin is an exothermic reaction with spontaneous entropy
reduction. The exchange of methylphenidate hydrochloride with resin follows a first-order kinetic process. The main limiting
step affecting the exchange rate is the diffusion of ions within the IER. The drug/resin ratio, resin particle size, and
antagonistic ion species all have an effect on the exchange reaction rate. This paper reveals the nature of the ion-exchange
reaction between methylphenidate hydrochloride and IER from the thermodynamic and kinetic perspectives, and provides
technical support for the application of IER in the field of formulation.
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Fig 2 Kinetic model fitting for prescription process factors
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Tab. 6 Kinetic model fit for prescription process factors

FSEN KF EVEpy i R REr A i e A Bimin't
Dgo=128 um y=0.0670x+1.4845 0.9926 0.0670
iR A e
Deo=117 um y=0.0798x+2.1005 0.9877 0.0798
02:1 y=0.0750x+4.7796 0.9994 0.0750
04:1 y=0.0500x+2.2664 0.9992 0.0500
06:1 y=0.0242x+1.1680 0.9999 0.0242
2 IR L -08:1 y=0.0167x+1.2087 0.9941 0.0167
1:1 y=0.0128x+1.1856 0.9998 0.0128
-15:1 y=0.0058x+1.1438 0.9616 0.0058
5:1 y=0.0027x+1.0998 0.9775 0.0027
1.25M H* y=0.0031x+2.4306 0.9955 0.0031
2.5M H* y=0.0031x+1.8281 0.9911 0.0031
BT BT (0 S R AN 5 5 1.25M K* y=0.0241x+3.4389 0.9712 0.0241
2.5M K* y=0.0530x+2.2775 0.9644 0.0530
1.25M Na* y=0.0294x+3.0836 0.9686 0.0294
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