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Abstract
pH sensitivity, load, and release of caffeine from polyampholyte, acrylic acid (AAc), and 2-N,N-dimethylamino ethyl meth-
acrylate (DMAEMA) grafted onto  DURAPORE® PVDF membrane were studied. Polyampholyte was previously “grafted-
from” on membranes by gamma irradiation technique in two steps: (1) PVDF-g-DMAEMA using direct method and (2) 
grafted AAc by pre-irradiation method, to obtain (PVDF-g-DMAEMA)-g-AAc. The results showed that binary copolymer 
grafted onto PVDF membrane PVDF-g-DMAEMA-g-AAc acts as responsive porous polymer membrane to control drug 
delivery. For this project, caffeine was used as a model drug. Drug adsorption was enhanced by the dissociation of grafting 
chains (PAAc and PDMAEMA) and by drug charge. The adsorption results showed that caffeine was loaded and released by 
the modified membrane and due to the nature of binary copolymer and the drug adsorption. Additional analysis as mechanical 
testing, scanning electron microscopy, and contact angle measurements was done to characterize the polyampholyte. This 
work designates the role of pH-sensitive acid, alkaline, and polyampholyte monomers in the improvement of no functional-
ized fluoropolymer membranes imparting its pH sensitivity and specific interaction with charged molecules as some drugs, 
proteins, or metals among others. The present results show that the load and release of caffeine adsorbed onto the pH-sensitive 
membrane and its strong dependence on pH and grafting degree. The membrane may be suitable for separating drugs from 
protein aqueous substances for subsequent monitoring and evaluation process.
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Introduction

Membranes with different functionalities and pore sizes 
have been modified to develop stimulus-responsive materi-
als. Smart membranes alter their pore sizes in response to 
changes in pH, temperature, electric fields, and other exter-
nal stimuli [1–3]. These membranes have been applied in 

controlled loading and release of chemical substances and 
drugs [4], pH sensors [5, 6], microfiltration [7–9], micro 
distillation [10], loading and release of chemical substances 
[11, 12], etc.

Fluoropolymers have been used in industrial or scien-
tific applications because of their thermal and electrical 
characteristics, chemical resistance, and biocompatibility. 
Poly(vinylidene fluoride) (PVDF) is a semi-crystalline 
polymer, with exceptional hydrolytic stability with thermal, 
chemical, and oxidation resistance. This polymer tolerates 
some acids and alkalis and is compatible with biological 
substances including the blood. The crystalline β-phase of 
the polymer provides thermal stability, while the amorphous 
phase makes a flexible membrane. PVDF in β-phase is par-
ticularly interesting due to its biocompatibility and excellent 
chemical stability. However, PVDF hydrophobicity restricts 
possible applications in aqueous media such as those for bio-
logical applications [13]. Due to all these properties, PVDF 
is as an attractive material for microfiltration [14, 15], ultra-
filtration [16], pervaporation [17], and membrane distillation 
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