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Abstract

The surface of poly(ethylene terephthalate) (PET) track etched membranes (TMs) was covered with thermo-responsive poly(
vinylcaprolactam) (PVCL) by a photochemical immobilization method. First, a photo-reactive azidophenyl group was incorporated into
the thermo-responsive PVCL chains. Secondly, the polymers were cast on the PET membrane followed by irradiation with UV light. Char-
acterization by X-ray photoelectron spectroscopy and FT-ATR-IR demonstrated that the thermo-responsive polymer chains are effectively
grafted on the membrane surface. Scanning electron microscopy and atomic force microscopy on the dry composite membranes demonstrat
that the pore size diameter decreases and the surface roughness increases with increasing amount of grafted polymer chains on the T
The water permeation through the modified TM drastically increases when the cloudTpg)imif the grafted PVCL-chains is reached. The
permeability of a mixture of dextrane molecules is not only controlled by the molecular weight of the individual macromolecules but also
strongly by temperature. This last observation opens the possibility to use the same membranes for the separation of macromolecular mixtur
over a broad molecular weight range.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction such a membrane by grafting it with polymers extends the
possibility of their usg5,6]. Preparation of modified poly-
Polymer track etched membranes (TMs) are thin polymer mer membranes with unique properties, in particular TM with
films with discrete pores that are formed through a combina- controlled permeability, is of substantial interest.
tion of heavy ions bombardment and chemical etchitig Many investigations were devoted to obtain membranes
The particle bombardment results in the formation of latent with the ability to open and close the pores in response to an
tracks through the film§2,3]. Controlled chemical etching  external stimulus such as temperat{ife10], pH [11] and
of this modified zone leads to the formation of pores with ionic strengttj12]. A number of investigations have reported
a defined pore size. By choosing appropriate conditions for the preparation of porous membranes with thermo-responsive
irradiation and etching, it is possible to prepare a wide range poly(N-isopropylacrylamide) (PNIPAAM) on the surface and
of polymer TM. The pore size, shape and density can be in the pored7-10]. PNIPAAM and its copolymers made it
varied in a controllable manner, which allows for the produc- possible to regulate the permeability in response to the en-
tion of membranes with the required transport and retention vironmental temperature. PoN{vinylcaprolactam) (PVCL)
characteristic§4]. TM have found diverse applications in is another well studied polymer with lower critical solution
biotechnology, medicine, ecology, eft]. Modification of temperature (LCST) behaviour, which shows a much differ-
ent response towards temperature as compared to PNIPAAM
* Corresponding author. Tel.: +32 9 264 45 03; fax: +32 9 2644972, [13-16] The actual interest in PVCL is connected with the
E-mail addressfilip.duprez@ugent.be (F.E. Du Prez). combination of its thermo-sensitive properties and biocom-
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patibility [17]. Presently, there are no studies concerning the lowed to react in an oil bath at 7€ for 24 h under nitrogen.
application of PVCL for surface modification of porous mem- After reaction, the solution was dissolved in methanol and
branes. precipitated in diethyl ether at low temperature. The precip-
In this work, we immobilized thermo-sensitive PVCL itation was carried out three times and the product was dried
copolymers on TM by a photochemical immobilization in vacuum at room temperature for 48 h.
method that offers an important advantage to other cova- For the synthesis of the azidophenyl containing poly-
lent immobilization procedures. The chemistry is indepen- mer (P(VCL€0-AA/Az)), certain amount of P(VCLco-AA)
dent of the chemical nature of the immobilized polymer and (500mg), 4-azidoaniline (62 mg) and WSC (2 mg/ml) were
the substrat§l8,19] This immobilization on the surface of  dissolved in 10 M MES-buffered solution (50 ml, pH 7.0)
poly(ethylene terephthalate) (PET) TM occurs via photosen- and the solution was stirred for 48 h &t@ in the absence of
sitive azide-groups that are incorporated in the PVCL chains. light. After the reaction, the solution was subjected to ultra-
The membrane surfaces have been examined with Fourieffiltration with track membranes (pore size @), and the
transform attenuated total-reflectance infrared spectroscopypolymeric product was washed twice with diluted hydrochlo-
(FT-ATR-IR), scanning electron microscopy (SEM), atomic ric acid (pH 2) and twice with distilled water. The polymer
force microscopy (AFM) and X-ray photoelectron spec- was stored in wet state at low temperature under nitrogen.
troscopy (XPS). Modification of P(VCLco-AA) with aniline was per-
The permeation of respectively water and dextrane formed by an analogue procedure whereby 4-azidoaniline
molecules with molecular weight range between 6000 and was replaced by aniline. The modified P(VEb-AA/AN)
2,000,000 through the novel composite membranes have beempolymers were purified by triple precipitation in diethyl ether
investigated as a function of temperature. followed by drying in vacuum at room temperature.

2.3. Surface immobilization of P(VCL-co-AA/AZ)
2. Experimental
Certain amount of P(VClco-AA/Az) was dissolved in
2.1. Materials DMF (concentration between 2 and 10 wt.%) and was cast
on PET TMs. After drying at room temperature, the TM

PET track membranes were kindly donated by the Flerov were placed for 20min under a 900 W 400-L UV lamp
Laboratory of Nuclear Reactions (Joint Institute for Nuclear (16 mWi/cn?) with an emission maximum at 365 nm. After
Reactions, Dubna, Russia). The TM used have a thickness ofirradiation, the TM were extracted with ethanol and distilled
20pm, pore sizesare 0.1, 0.2 and Q.sh and the pore density ~ water for 48 h for the removal of non-attached polymer. The
is 10° cm~2. N-vinylcaprolactam (VCL; Aldrich 98%) was  final PVCL-amount on the membranes is controlled by the
purified by recrystallization from benzene with further dry- initial copolymer concentration and the number of times that
ing under vacuum for 10 h at 3& and stored at 4C under the photo-grafting procedure has been performed (between
nitrogen. Acrylic acid (AA; Aldrich 99%) was purified by  one and three times). The degree of graftiQg,] was deter-
vacuum distillation at 39C at a pressure of 15mm Hg and mined gravimetrically and calculated according:
stored at 4C under nitrogen. Isopropanol (IPA; Lab-Scan Wy — Wo
99.8%) was purified by distillation over CaO just before use. Qg (%) = ———— x
2,2-Azobisisobutyronitrile (AIBN; Across 98%) was puri- W
fied by recrystallization from methanol. Dimethylformamide whereWy andW; respectively denote the mass of the mem-
(DMF; Lab-Scan 99.8%), ethanol (Aldrich, HPLC grade), di- brane before and after the grafting process.
ethyl ether (Lab-Scan 99.8%), 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (WSC, Aldrich 99%), 2.4. Instruments
morpholine-4-ethanesulfonic acid hydrate (MES monohy-

100 1)

drate; Aldrich 99%), azidoaniline (Aldrich 99%), aniline The molecular weight\l,) and the molecular weight dis-
(Acros, ACS reagens) and dextrai,(= 6000, 100,000 and  tribution (My/M;) of the copolymers were measured with a
2,000,000, Fluka Biochemika) were used as received. 60 cm mixed-C DL-gel h. column (Polymer Laboratories)
on a waters gel permeation chromatography (GPC) instru-
2.2. Synthesis of azidophenyl containing ment equipped with Waters 2400 RI detector with “Mille-
poly(N-vinylcaprolactam) nium” software. DMF was used as eluent at a flow rate of

0.5 ml/min. The GPC-system was calibrated with polystyrene
Copolymers of AA and VCL (P(VCLeo-AA)) have been standards. Copolymer composition determined by titration
prepared by free radical copolymerisation of VCL with AA according to a procedure described ealftk€).
in the presence of AIBN as initiator. In a typical procedure, The cloud point of the polymer was determined with the
109 (92.4 mol%) of VCL, 0.3 ml (5.6 mol%) AA and 0.25g turbidimetric method. The transmittance for each polymer
(2 mol%) of AIBN were dissolved in 13.5 ml of isopropanol. sample, equilibrated with water in a test tube, was measured
The reaction was purged with nitrogen for 15min and al- with an UV-vis spectrophotometer (Kontron instruments,
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