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ABSTRACT: b-Cyclodextrin was coupled to the {OH group of 2-hydroxyethyl methacry-
late using hexamethylene diisocyanate. Segmented polyurethane and the modified
monomer were dissolved in dimethylacetamide and subsequently heated to about 807C
in the presence of AIBN to polymerize the modified monomer to form a semi-interpene-
trating network. The potential of the new polymer as a membrane was evaluated by
studying the sorption of testosterone and progesterone. The preliminary data showed
that the polymer could differentiate structurally close molecules with some degree of
selectivity, indicating the possibility of exploring further the polymer, particularly as
a membrane. q 1997 John Wiley & Sons, Inc. J Appl Polym Sci 64: 1811–1814, 1997

INTRODUCTION onto mechanically stable polymers like polyure-
thanes and poly(vinyl chloride), which may be
studied as membranes. Additionally, the CD-con-Cyclodextrins (CDs), the oligomers of glucose, are

well known for their ability to form inclusion com- taining monomer can be mixed with polymers like
polyurethane and, subsequently, can be polymer-plexes with a variety of components.1–4 Over re-

cent years, extensive studies basically on the com- ized to form semi-interpenetrating networks
(semi-IPN) which would be highly stable andplexing ability of CDs have been reported.1–5 The

potential of CDs have been explored widely in var- have a high CD content throughout the polymer
matrix. This article reports the preparation of aied fields like the pharmaceutical and food indus-

try and analytical chemistry.6,7 The hydrophobic semi-IPN based on BCD coupled to 2-hydroxye-
thyl methacrylate and polyurethane and its pre-cavity enables CDs to recognize isomers and this

property has been further explored in chiral sepa- liminary evaluation as a novel membrane.
ration in chromatography.8,9

Efforts to synthesize polymeric systems based
on CDs with a view to develop membranes capable EXPERIMENTAL
of imparting selectivity toward the separation of
components have been made.10–14 The inferior me- 2-Hydroxyethyl methacrylate (HEMA), b-cyclo-
chanical properties of CD-based polymers is one dextrin (BCD), progesterone, and testosterone
of the serious drawbacks toward the realization were obtained from Sigma Chemicals, St. Louis,
of CD-based mechanically stable polymeric mem- MO. Hexamethylene diisocyanate and azobisiso-
branes. Recently, we synthesized an acrylate butyronitrile (AIBN) and ethylene glycol dimeth-
monomer coupled with b-cyclodextrin (BCD).14

acrylate (EGDA) were obtained from Fluka, Ger-
The CD-containing monomer can be grafted easily many. The polyurethane used in this study was

based on poly(tetramethylene glycol) (MW
q 1997 John Wiley & Sons, Inc. CCC 0021-8995/97/091811-04 1000), methylene bis(p -cyclohexyl isocyanate),
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Table I Stress–Strain Parameters of theand 1,4-butanediol. The weight-average molecu-
Polymerslar weight of the polyurethane was 98,000 and

wt % hard segment content was 30%. All other
Stress Strainreagents (chromatographic or analytical grade)

Polymer (kg/cm2) (%)were obtained from E-Merck, Bombay, India.

Polyurethane 430 { 5 452 { 7
BCD-based semi-IPN 280 { 6 163 { 2

SYNTHESIS

The synthesis and characterization of the modi-
intensities, the amount of progesterone and tes-fied BCD by coupling HEMA to one of the {OH
tosterone absorbed by BCD was estimated.groups of BCD using diisocyanate was reported

A Waters Associates chromatographic systemelsewhere.14 Briefly, 0.012 mol of hexamethylene
consisting of a Model 6000 A solvent deliverydiisocyanate was allowed to react with 0.01 mol
pump, Model U6K injector, and Model 486 tun-of HEMA at 457C for 35 min in the presence of
able absorbance detector was used for the chro-dibutyltin dilaurate (catalyst) in 15 mL of di-
matographic analysis. A m-Bondapak C18 col-methylacetamide. Dried BCD, 0.01 mol, was dis-
umn in conjunction with water : methanol (70 :solved in 25 mL dimethylacetamide and added to
30 v/v) as the mobile phase at a flow rate of 1the above solution. The temperature was in-
mL/min was used for the chromatographic sepa-creased to 507C and stirred magnetically for
ration. The column effluents were at 241 nmnearly 2 h.
( the absorption peak of the steroids studiedExcess dimethylacetamide was evaporated by
here) and the chromatograms were obtained onheating at 457C in a vacuum oven. Ten grams of
an Ominiscribe strip chart recorder (Texas In-the syrupy liquid was mixed with 20 mg AIBN
struments, Houston, TX) .and 0.001 mol EGDA. Five grams of polyurethane

was dissolved in 15 mL dimethylacetamide. These
two solutions were mixed and placed in a Petri

RESULTS AND DISCUSSIONdish and kept at 70–807C overnight. The film
formed was taken out and washed extensively
with methanol and dried. The semi-IPN formed appeared to be less trans-

parent. This may be due to the presence of BCDSolutions of progesterone and testosterone
were prepared by dissolving these components entities which could act as additional crosslinks.

The mechanical properties of the polymers areseparately in methanol. The concentration of the
components in the solutions were 1 mg/mL. From summarized in Table I. The mechanical parame-

ters fall within the range of stiff elastomers whichthe differences in the absorption intensities, the
amount of progesterone and testosterone ab- may be due the dispersed hard segments.

The ultimate stress and strain of the polymersorbed by BCD were estimated.
Polymeric films having a thickness of 0.04 mm are lower than those of the polyurethane. The

bulky BCD molecules could interfere with the ori-and area of 2 cm2 were placed in the solutions
of progesterone and testosterone for 3 h at static entation of polyurethane chains under stress,

which, in turn, could affect the ultimate stress–conditions. The solutions were subjected to chro-
matographic analysis before and after placing the strain parameters. Additionally, BCD molecules

could act as interlocks and prevent the stretch-films. The extent of the absorption of the mole-
cules by the polymer were estimated from the dif- induced chain ordering. The reduced mechanical

properties of modified polymers could be attrib-ferences in the absorption intensities of the solu-
tions before and after placing the films. To evalu- uted to the above-mentioned factors. Although the

mechanical properties are less than those of theate the relative affinities of progesterone and
testosterone toward BCD, a simple experiment conventional polyurethane, the modified polymer

has a strength typical of a membrane.was performed. To a solution of progesterone and
testosterone in methanol (1 mg/mL), an excess Figure 1(A) and (B) shows scanning electron

micrographs of polyurethane and the new semi-quantity of BCD (100 mg) was added and kept
at 307C overnight. The solution was subjected to IPN. Polyurethane has a smooth texture while

the semi-IPN shows distinctively altered surfacechromatographic analysis before and after placing
BCD. Again, from the differences in absorption features reflecting the formation of an additional
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Figure 2 Chromatographic trace of a mixture of tes-
tosterone and progesterone.

attributed to the comparatively higher affinity of
BCD toward progesterone.

BCD is known to form complexes with several
components including steroids. Extensive efforts
have been expended to understand the mecha-
nism as well as the factors governing the complex-
ation of components with BCD.7 The following fac-
tors, namely, hydrophobic interactions between

Figure 1 (A) SEM micrograph of polyurethane. (B) the guest molecules and the cyclodextrin cavity,
SEM micrograph of BCD-based semi-IPN. hydrogen bonding between the polar functional

groups of guest molecules and the hydroxyl
groups of cyclodextrin, release of high-energy wa-
ter molecules from the cavity in the complex for-phase. However, any phase separation is not evi-

dent, which is expected due to the possibility of a mation, and the release of the strain energy of
the cavity. It has generally been accepted thathydrogen-bonding interaction between the {OH

groups of BCD and the {CO{ groups of polyure- hydrophobic interaction has a primary role in de-
termining the complexation among the above-thane.

Progesterone and testosterone were used for mentioned factors.
Figure 2 illustrates the chromatographic traceevaluating the semi-IPN membrane in terms of

its selectivity in absorption. This pair of molecules of a mixture of testosterone and progesterone. Un-
der the present chromatographic conditions, tes-was chosen considering their close structural fea-

tures and molecular weights. Table II summa- tosterone has a retention time of 3.3 min and the
retention time of progesterone is 4.1 min. It isrizes the amount of testosterone and progesterone

desorbed from the semi-IPN strips. In spite of the well known that in reverse-phase chromato-
graphic separation the polar component elutesstructural similarities of these components, there

is a considerable variation in the extent of uptake first, followed by less polar components. A glance
at the chromatogram depicted in Figure 2 pointsof testosterone and progesterone by the polymer.

The remarkably increased uptake of progesterone out that testosterone is relatively more polar than
is progesterone.by the polymer compared to testosterone could be

Table II Equilibrium Uptake of the Steriods by the Polymer Membrane

Amount Adsorbed (mg) % Adsorption
Component Wt of the Polymer: 72 mg (By the Polymer)

Progesterone 5.36 { 0.2 7.44 { 0.28
Testosterone 2.64 { 0.14 3.67 { 0.2
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Table III Extent of Absorption of the Steriods expect an absolute separation of progesterone and
by BCD testosterone using this membrane. However, it is

interesting in the sense that a certain degree of
Component % Absorption selectivity can be imparted by modifying common

polymers like polyurethanes to separate structur-
Progesterone 18 { 0.39 ally close molecules.Testosterone 10 { 0.41

The selectivity of cyclodextrins toward specific
molecules can often be enhanced by replacing one
of the primary {OH groups by certain entities.15

Our future efforts will be directed toward the syn-Table III summarizes the extent of uptake of
thesis of chemically modified BCD and the subse-progesterone and testosterone by BCD. It is ap-
quent synthesis of membranes capable of separat-parent that BCD absorbs more progesterone com-
ing structurally similar molecules.pared to testosterone. It is reasonable to presume
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