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ABSTRACT: Siderophores are naturally occurring small molecules with metal binding constants greater than many synthetic chelators.
Herein, we report a two-step process to graft a siderophore-mimetic metal chelating polymer from a polypropylene (PP) surface.
Poly(methyl acrylate) was first grafted from the PP surface by photoinitiated graft polymerization, followed by the conversion into
poly(hydroxamic acid) (PHA) to obtain PP-g-PHA films. ATR/FTIR, contact angle, SEM, and AFM were performed to characterize surface
properties of films. Iron binding kinetics and the influence of pH (3.0-5.0) on the chelating ability of films were determined. PP-g-PHA
exhibited significant iron chelating activity (~80 nmol/cm?) with an equilibration time of 24 h. The materials retained 50% chelating ability
at pH 3.0 compared with pH 5.0, almost double the retention of previously reported polycarboxylate chelating interfaces. By using
siderophore-mimetic surface chemistry, such effective metal chelating interfaces can extend the applications of metal chelating polymers in

environmental remediation, water purification, and active packaging areas. © 2014 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 41231.
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INTRODUCTION

Metal chelating polymers have gained considerable attention in
recent years due to their importance in biomedical, environmen-
tal, and biotechnology applications. Much research has been con-
ducted on new approaches to synthesize metal chelating
polymers that remove heavy metals in wastewater purification
systems.'™ In analytical chemistry, chelating polymers bearing
different functional groups have been developed for the chro-
matographic separation or exchanging of metal ions and metal-
containing substances.'®™"> The biomedical significance of metal
chelators has also been extensively exploited for applications in
drug delivery,'® iron chelation therapy,'”'® selective inhibition of
metal-containing enzymes,'® etc. In addition, the application of
interfacially chelating polymers as active packaging materials has
recently been reported in which chelation by the package inhibits
iron promoted oxidative degradation of nutrients, lipids, etc.">*

In the interest of improving treatment options for metal chela-
tion therapy, the biomedical field has identified a class of high
metal chelating affinity, naturally derived small molecules called
siderophores. Siderophores are low molecular weight metal che-
lators secreted by microorganisms and plants to enable solubili-
zation and uptake of iron in iron-poor environments. One
major group of siderophores contains hydroxamic acids (HAs)
as the metal chelating ligands. This family of siderophores has a
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very high specificity and affinity to metal ions, especially ferric
iron (Fe’™), over a wide range of pH values.”' A representative
compound of this group is desferrioxamine (DFO) [Figure 1(A)],
which can interact with Fe’™ to form an iron complex with an
extremely high stability constant (log K= 30.6)."® DFO has been
approved by FDA as a drug and is widely used in medicine for
clinical treatment of patients with iron overload.”>*

The high specificity and affinity of the functional groups (e.g.,
HA) in siderophores for metal chelation has inspired researchers
to design biomimetic metal chelating polymers [Figure 1(B)].
The majority of published research in this area has focused on
synthesis of free macromolecules, hydrogels, and resins with
biomimetic metal chelating functionality.*>'”***® However, the
ability to impart siderophore-mimetic chelating functionality to
the surface of solid supports would enable significant improve-
ments in recovery and reuse of chelating materials, and expand
their societal and commercial impact (e.g., separation process
for wastewater treatment, active packaging applications, etc.).
Further, by manipulating only the surface chemistry, desirable
bulk material properties (optical, thermo-mechanical, magnetic,
and economic) can be maintained, which can further expand
the application of such materials. To the best of the authors’
knowledge, no research has been reported in which
siderophore-mimetic functionality is introduced to the surface
of a planar solid support.
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acid glacial, water (HPLC grade), and sodium hydroxide were
purchased from Fisher Scientific (Fair Lawn, NJ); hydroxylamine
hydrochloride, 3-(2-pyridyl) —5,6-diphenyl-1,2,4-triazine-p,p/ -
disulfonic acid disodium salt hydrate (ferrozine, 98+%), and
imidazole (99%) were purchased from Acros Organics (Morris
Plains, NJ); benzophenone (BP, 99%) and methyl acrylate (MA,
99%) were purchased from Sigma-Aldrich (St. Louis, MO); all
solvents used without further

the chemicals and were

Grafting of Poly(hydroxamic acid) (PHA) from PP Solid

PP pellets were cleaned in isopropanol two times (10 min per
time) by sonication, followed by cleaning in acetone and deion-
ized water using the same procedure sequentially. The cleaned
PP pellets were dried in desiccator overnight (25°C, 15% RH),
and then pressed into films using a Carver Laboratory Press
(160°C, 9000 lbs force; Model B, Fred S. Carver, NJ). PP films
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Figure 1. Chemical structure of DFO (A) and HA/Fe complex (B).

In this work, we have developed a two-step surface grafting pro-
cess (Figure 2) to graft the biomimetic metal chelating polymer
PHA from the surface of a planar PP solid support. Attenuated
total reflectance/Fourier transform infrared (ATR-FTIR) spec-
troscopy, contact angle, scanning electron microscopy (SEM),
and atomic force microscopy (AFM) were used to characterize
surface changes before and after the modification. Iron binding
kinetics, as well as the influence of pH (3.0, 4.0, and 5.0) on the
ability of the film to complex iron was also determined.

MATERIALS AND METHODS

Materials

Polypropylene (PP, isotactic, pellets) was purchased from Scien-
tific Polymer Products (Ontario, NY); 2-propanol, acetone, hep-
tane, methanol, sodium acetate trihydrate, ferric chloride
anhydrous, hydrochloric acid, trichloroacetic acid (TCA), 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), acetic

with thickness of 225 = 25 pum were cut into 2 X 2 cm? pieces
and cleaned and dried by the same procedures as PP pellets.

PHA was grafted from the surface of PP film solid supports
using a two-step process. In the first step, poly(methyl acrylate)
(PMA) was grafted from the PP surface using an adaptation of
the photoinitiated graft polymerization technique as reported by
Ma et al.?® and Tian et al."® Briefly, 30 uL of BP solution (5 wt
% in heptane) was uniformly coated on each side of PP films
(2 X 2 cm?) using a spin coater (Model WS-400-6NPP-LITE,
Laurell Technologies Corporation, North Wales, PA). BP-coated
films were then cut into 1 X 2 cm® pieces, and each piece was
transferred into individual vials with septum-screw caps. The
vials were purged with nitrogen for 5 min to remove oxygen,
and subjected to ultraviolet (UV) irradiation for 90 s in a
Dymax light-curing system (Model 5000 flood, 320-395 nm,
200 mW/cm?, Dymax Corporation, Torrington, CT) to cova-
lently graft BP onto the surface of PP films to obtain PP-BP.
PP-BP films were again submerged in individual septum-screw
cap vials containing 6 mL of MA monomer solution (70 wt %
MA in acetone), followed by purging nitrogen (5 min) to create
an oxygen-free reaction environment, and finally 3 min UV
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Figure 2. Schematic procedure to prepare PP-g-PHA films by a two-step surface grafting process.
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irradiation. PMA grafted PP (PP-g-PMA) films were then
washed by Soxhlet extraction in acetone (150 mL) for 12 h to
remove the residual MA monomers and non-covalently grafted
PMA homopolymers.*

In the second step of the PHA grafting procedure, PMA grafts
were converted to PHA grafts by a modification of the method
reported by Lutfor et al.’ and Wen et al”® Hydroxylamine
hydrochloride (20.0 g) was dissolved in 200 mL of methanol/
water (5 : 1) solution. The HCI of hydroxylamine hydrochloride
was neutralized and the pH of the solution was adjusted to 13
by sodium hydroxide. The generated NaCl precipitate was
removed with vacuum filtration to obtain the hydroxylamine
reaction solution with the final methanol/water ratio of 4 : 1.
PP-g-PMA films were submerged in the hydroxylamine solution
in a round-bottom flask and allowed to react for 4 h at 73°C
with stirring. A reflux condenser was equipped on the flask to
maintain the methanol/water ratio during the reaction. After
the reaction, films were taken out and rinsed three times in
methanol/water (5 : 1) solution to remove the residual hydrox-
ylamine solution. Films were then treated with acidic methanol/
water (5 : 1) solution (0.2M HCI) for 5 min, followed with rins-
ing them in methanol/water (5 : 1) solution three times again.
Finally, films were washed 3 times (30 min per time) in deion-
ized water to remove any residual compounds from the inner
grafting layer. The obtained PP-g-PHA films were dried and
stored in a desiccator (25°C, 15% RH) until further use.

Surface Characterization

The surface chemistry of films before and after PHA grafting
was analyzed by an IRPrestige-21 FTIR spectrometer (Shimadzu
Scientific Instruments, Kyoto, Japan) equipped with a diamond
ATR crystal. Each spectrum was done with 32 scans at a
4 cm™ " resolution compared with a background spectrum that
was done with the ATR crystal against air. Representative spec-
tra of each sample were replotted with SigmaPlot 12.0 (Systat
Software, Chicago, IL).

The surface hydrophilicity of films was analyzed by water con-
tact angles carried out on a DSA 100 (Kruss, Hamburg, Ger-
many) equipped with a direct dosing system (DO3210, Kruss,
Hamburg, Germany). Water (HPLC grade) was used as the
probe liquid to conduct all measurements under ambient condi-
tions. Both advancing and receding angles were recorded every
0.10 s for 18 s and fitted using tangent method-2. The advanc-
ing and receding contact angles presented here are the averages
of six measurements on three independent films.

The surface and cross-sectional morphologies of films were ana-
lyzed by field emission SEM (JEOL 6320 FXV, Japan). Films
were sectioned on a cryo-ultramicrotome (—120°C, Leica
Microsystems, Germany) equipped with a diamond blade. Sam-
ples were sputter-coated (108 sputter coater, Cressington Scien-
tific, UK) with gold for 3 min to prevent charging during SEM
analysis.

AFM was performed to quantify the surface topography of films
(Dimension-3000 Model with a NanoScope IIla controller, Digi-
tal Instruments, Santa Barbara, CA). Tapping mode images
(height and amplitude) of films were collected under ambient
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conditions using a silicon cantilever tip (uncoated, AppNano
ACT-R-W type) with a spring constant of 40 N/m. The scan-
ning area for each sample was 50 X 50 um? and the average
roughness (R,) and the root mean square roughness (Rps)
were calculated by the built-in software.

Iron Chelating Assay

The ferric iron (Fe™) chelating kinetics of PP-g-PHA films was
determined at pH 5.0, and the effect of pH (3.0, 4.0, and 5.0)
on the chelating activity was also quantified. For the iron che-
lating kinetics study, films (native PP, PP-g-PMA, and PP-g-
PHA; 1 X 2 cm?) were submerged in 0.08 mM Fe>* (from fer-
ric chloride anhydrous) in sodium acetate/imidazole buffer
(0.05M, pH 5.0), with Fe’* solution without films serving as a
control. Films were allowed to chelate in the dark for up to 36
h at room temperature with shaking. The Fe’" chelating activity
of films was calculated by the difference of the Fe’™ concentra-
tion (determined by ferrozine assay, described below) in Fe*
solution with films against the control group (Fe’™ solution
with no films). To determine the effect of pH on the Fe’™ che-
lating activity of films, Fe’™ chelating solutions (0.08 mM) with
different pH (3.0, 4.0, and 5.0) were prepared using the sodium
acetate/imidazole buffer (0.05M), and films were allowed to
chelate for 24 h.

A modification of the ferrozine assay was performed to quantify
the Fe>™ concentration of chelating solutions, in which a colori-
metric complex is formed between Fe’* and ferrozine rea-
gent.””! First, Fe’™ was reduced to Fe’™ by exposure to 5 wt %
hydroxylamine hydrochloride in 10 wt % TCA. The iron solution
(0.5 mL) was mixed with 0.25 mL of reducing agent (5 wt %
hydroxylamine hydrochloride, 10 wt % TCA), to which 0.25 mL
of ferrozine reagent (18 mM in 0.05 M HEPES buffer, pH 7.0)
was added. The absorbance was detected at 562 nm after 1 h of
incubation at room temperature with shaking. The Fe’* concen-
tration was quantified by a comparison to a standard curve made
of ferric chloride anhydrous. The results are representative of two
experiments performed on independent days.

Statistical Analysis

The data presented are means = standard deviation (SD)
(n>3). SPSS Release 17.0 (SPSS, Chicago, IL) was used to con-
duct the statistical analyses. The significance of variances was
assessed by a one-way ANOVA analysis with Duncan’s pairwise
comparison (P < 0.05).

RESULTS AND DISCUSSION

Photoinitiated graft polymerization is an efficient and economi-
cal technique to introduce sufficient amount of functional
groups onto inert solid supports by covalent linkages. To the
best of our knowledge, there are no commercially available
monomers containing HA groups that are suitable for photoini-
tiated graft polymerization. The commonly used approach to
prepare synthetic PHA polymers is by the hydroxylamidation
reaction of active moieties including acrylic ester,”® acrylam-
ide,*»* acrylonitrile,”® and acid chloride.*'”*® Hence, we herein
chose methyl acrylate, which contains an acrylic ester group, as
the monomer to covalently graft a high density of acrylic ester
active groups from the PP substrate surface in the first step. In
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the second step, ester moieties were converted to HA groups by
the reaction with hydroxylamine. This two-step surface grafting
process is also applicable to prepare biomimetic metal chelating
interfaces using other substrate materials (polyolefin films and
membranes, etc.).

Characterization of PHA Grafted PP Films

The surface chemistry of films after each step of modification
was measured by the ATR-FTIR analysis (Figure 3). After the
grafting of PMA, a strong absorption band appeared at
1740 cm~' compared with the native PP and PP-BP films,
which corresponds to the C=O of ester groups of PMA. A
medium strong absorption band also was found at 1200 cm ™,
which is corresponding to the C—O bond of the ester groups.
After the conversion of ester groups into HA groups, the
absorption bands at 1740 and 1200 cm™' disappeared, and
three new absorption bands appeared at 1650, 1545, and
3225 cm™ !, corresponding to C=0, C—NH, and —OH of HA
groups, respectively. The results of ATR-FTIR analysis indicated
the successful grafting of PMA, as well as the conversion of ester
groups into HA groups.

The advancing and receding water contact angles of PP, PP-¢-
PMA, and PP-g-PHA films were measured to quantify the
change in surface hydrophilicity of films before and after the
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Figure 3. ATR-FTIR spectra of native PP, PP-BP, PP-g-PMA, and PP-g-
PHA film surface in the range of 2000-600 cm~ ' (A) and 4000-
2000 cm ™! (B).
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Table I. The Surface Water Contact Angles of PP, PP-g-PMA, and
PP-g-PHA Films

Contact angle  Advancing (°)  Receding (©)  Hysteresis (°)
B2 1059+1.2% 87.7x23* 182
PP-g-PMA 756+37° 37.0+x16° 386
PP-g-PHA 149 =2.4° 6.6+03° 83

Values are averages =+ standard deviations (n=6). Different superscript
letters in the same column indicate significant differences (P < 0.05).

grafting procedure (Table I). The native PP film showed a typi-
cal hydrophobic surface. Compared with the native PP film,
both advancing and receding angles of the PP-g-PMA film sig-
nificantly decreased, showing a less hydrophobic surface. A
higher hysteresis was also observed on the PP-g-PMA film sur-
face compared to the native PP film. Hysteresis represents the
difference between the advancing and the receding angles of a
surface, which is related to the surface roughness, surface chem-
ical composition, the interaction between surface components
and water, etc.”>** The increase of the surface hysteresis of PP-
gPMA films might be a result of the introduction of PMA
grafting layer, which could cause the increase of surface rough-
ness, as evidenced by the AFM analysis (discussed below). The
surface hydrophilicity of films significantly increased after the
conversion of PMA into PHA, which is consistent with the
highly hydrophilic nature of HA groups.”* The results of the
contact angle analysis further confirmed the successful grafting
of PHA from the PP film surface.

SEM was performed to analyze the surface and cross-sectional
morphology of native PP, PP-g-PMA, and PP-g-PHA films (Fig-
ure 4). The surface SEM images of PP, PP-g-PMA, and PP-g-
PHA films presented no clear morphology [Figure 4(A—C)] sug-
gesting a uniform grafting process with no evident defects.
Compared to the cross-sectional image of native PP film [Figure
4(D)], two distinct phases were observed in the cross-sectional
image of PP-g-PMA film [Figure 4(E)], and the left-most phase
was identified as the PMA grafting layer resulted from the pho-
toinitiated polymerization of MA monomers. SEM images were
taken at three points on cross-sections of two independent
films, and the thickness of the PMA grafting layer was deter-
mined to be 26 = 4 um. In Figure 4(F), three phases with differ-
ent textures were distinguished on the cross-section of PP-g-
PHA films, and the total thickness of the two outermost layers
was around 25 um. These two layers correspond to the PMA
(middle layer) and PHA (left layer) grafts, respectively. The
interpenetrated interface between the PMA layer and the PP
substrate could be a result of the surface grafting process in
which some photoinitiator was entrapped into a thin layer of
the PP polymer.”® Conversely, there is a distinct and uniform
interface between the PHA and PMA layers, indicating a uni-
form metal chelating surface. The PHA/PMA thickness ratio
(~1 : 2) suggested that the conversion ratio of PMA to PHA
was approximately 30%. This conversion rate is comparable to
previously reported research in which Crumbliss et al. demon-
strated 35% conversion of acyl chloride to HA based on ele-
mental analysis.*®
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Figure 4. Surface and cross-sectional SEM images of PP, PP-g-PMA, and PP-g-PHA films: (A) surface image of PP film surface; (B) surface image of PP-g-

PMA film surface; (C) surface image of PP-g-PHA film surface; (D) cross-sectional image of PP film surface; (E) cross-sectional image of PP-g-PMA film

surface; (F) cross-sectional image of PP-g-PHA film surface. The images presented here are representative of six images taken on two independent samples.

AFM was used to acquire the amplitude and topography images
of films after each step of modification (Figure 5), as well as
their surface roughness (Table II). Figure 5(A1-C1) correspond
to the amplitude images of native PP, PP-g-PMA, and PP-g-
PHA films, respectively, showing the surface morphology of
films. The bare PP substrate presented a relatively featureless
surface, in agreement with results from SEM imaging. More fea-
tures were observed in the AFM amplitude images of PP-g-
PMA and PP-g-PHA films, compared with their SEM surface
images [Figure 4(B,C)]. As the imaging was conducted in a dry
state (under the ambient condition), the dehydrated grafting
chains displayed a collapsed appearance in terms of both modi-
fied surfaces. Since the polymer-specific features could not be
distinguished, PMA grafting exhibited similar morphology to
the PHA grafting. Figure 5(A2-C2) illustrate the surface topog-
raphy of films, and both the average roughness (R,) and root
mean square roughness (Rrys) of films were calculated (Table II).
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R, and Rgys values suggested a significant increase in roughness
after the grafting of PMA, compared to the native PP film. This
increase in roughness supports the observed increase in contact
angle hysteresis of the surface of PP-g-PMA films (Table I). The
similar roughness values between PMA and PHA grafted films
suggested that the conversion from PMA to PHA did not have
great influence on the surface roughness of films.

Iron Chelating Activity

After being submerged in ferric iron solution for 30 min, PP-g-
PHA films exhibited a red brown color, characteristic of the
complex between HA and ferric iron. The intensity of this color
increased with increasing incubation time, reaching equilibrium
at about 24 h (Figures 6 and 7). There was no color formed on
the surface of native PP and PP-g-PMA films, indicating that
the color was from the formation of PHA/Fe’™ complex, not
due to the nonspecific adsorption of iron, polymerized iron, or
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Figure 5. AFM tapping mode images of PP, PP-g-PMA, and PP-g-PHA films: (A1) amplitude image of PP film surface; (A2) height image of PP film
surface; (B1) amplitude image of PP-g-PMA film surface; (B2) height image of PP-g-PMA film surface; (C1) amplitude image of PP-g-PHA film surface;
(C2) height image of PP-g-PHA film surface. The colored bars on the right-hand side are height indicators with the color related to the real height of
each scanned point. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

M“ﬁ%ﬁ} WWW.MATERIALSVIEWS.COM 41231 (6 of 8) J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.41231
1


http://wileyonlinelibrary.com
http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE

Table II. The Surface Average Roughness (R,) and Root Mean Square
Roughness (Rrms) of PP, PP-g-PMA, and PP-g-PHA Films

Surface roughness R (nm) Rrus (nm)
PP 268 344
PP-g-PMA 87.9 111.8
PP-g-PHA 95.8 120.7

ferric hydroxide precipitate. The formation of the color also indi-
cated that HA groups still maintain their activity to chelate iron
after being anchored on a solid support. The even distribution of
color across the PP-g-PHA film surface (Figure 6) further supports
that the PHA grafting technique resulted in uniform surface chem-
istry, which is in agreement with the SEM results [Figure 4(f)].

The iron chelating kinetics of PP, PP-g-PMA, and PP-g-PHA films
was measured as the function of incubation time at pH 5.0 (Figure
7). While PP and PP-¢-PMA films did not chelate iron over the
study, PP-g-PHA films exhibited a significant iron chelating activ-
ity, reaching ~80 nmol/cm® at equilibrium. The iron chelating
activity of PP-g-PHA films increased linearly with the incubation
time from 0.5 to 4 h, and then slowly increased until reaching a
plateau after 24 h. It has been reported that hexadentate ligands
like DFO (with three HA groups as chelating ligands) form the
ligands/iron complex by completely concealing the iron surface,
which decelerates the equilibrium rate of the chelation reaction.'®
This low rate of equilibrium for HA functional groups to form the
HA/Fe’™ complex is likely a reason of the relatively long equilibra-
tion time (24 h) for PHA to chelate iron. Winston, et al.*® also
reported a time delay up to 5 h for the chelation reaction between
PHA free polymers and ferric iron to achieve equilibrium. Simi-
larly, Kamble et al. synthesized a PHA ion-exchange resin and
found that a 4 h reaction time was necessary for maximum absorp-
tion in the presence of 1 mg/ml ferric iron.”” The long equilibrium
time might also be a result of the steric hindrance effect from the
PP substrate preventing the diffusion of iron ions into the inner
layer of PHA. Diffusion of metal ions can be significantly influ-
enced by polymer graft yields. Indeed, Roman et al. demonstrated
that grafted polymer chain length and chain surface density had a
significant effect on iron chelating activity and ligand to metal
binding ratio of poly(acrylic acid) (PAA) grafted from PP.*®

Figure 6. The native PP (left), PP-g-PMA (middle), and PP-g-PHA (right)
films after the incubation of 24 h in ferric iron solution (0.08 mM, pH
5.0). [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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Figure 7. Iron chelating activity of native PP, PP-g-PMA, and PP-g-PHA
films with different incubation time in Fe’* solution (0.08 mM, pH 5.0).

The ferric iron chelating activity of PP, PP-g-PMA, and PP-g-
PHA films at different pH (3.0, 4.0, and 5.0) was also deter-
mined using the equilibration chelating time of 24 h (Figure 8).
As iron precipitation was found in the iron chelating solution
at pH above 5.0, the activity of films was not detected in the
solution with higher pH. While PP and PP-g-PMA films did
not chelate iron, the PP-g-PHA film exhibited strong iron che-
lating capacity at all tested pHs, and the activity increased with
increasing pH. Domb et al.** also reported similar results about
free PHA molecules. Even though the capacity of metal chela-
tion decreased with decreasing pH, PP-g-PHA films were still
able to chelate 36.96 = 4.78 nmol/cm® iron at pH 3.0, which
was approximately 50% of that at pH 5.0. The effect of pH on
the iron chelating activity of PHA modified resins and hydrogels
has been reported to demonstrate similar trends, wherein >50%
activity was maintained when the reaction solution pH was
decreased from pH ~5 to ~3.>'”?® In prior work, a metal che-
lating polymer poly(acrylic acid) (PAA) was covalently immobi-
lized onto a LDPE film surface, and the ferric iron chelating
activity of this active film (PE-ED-PAA) at pH 3.0 was only
around 25% of that at pH 5.0.°” PAA is a polyelectrolyte with
the pKa around 5, and the charge condition of the chelating
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Figure 8. Iron chelating activity of native PP, PP-g-PMA, and PP-g-PHA
films at different pH (3.0, 4.0, and 5.0).
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ligands (carboxylic acids) has a great impact on its metal chelating
activity, which is therefore significantly pH-dependent. The pKa of
the metal chelating polymer PHA is ~9, and the predominant
species in its aqueous solutions are the protonated HAs at acidic or
neutral pH.* The charge condition of chelating ligands (HAs) of
PHA would not significantly change in the tested pH range
(3.0-5.0). HAs allowed metal ions to replace the protons and form
the coordination bonds between ligands and metals. The HA-
based metal chelators are therefore less sensitive to pH than their
carboxylic acid-based counterparts. We have demonstrated that
the developed PP-g-PHA metal chelating interface has a signifi-
cant iron chelating activity over a broad active pH range.

CONCLUSIONS

Siderophore-mimetic metal chelating activity was successfully
introduced to the surface of a solid support by photoinitiated
grafting PHA from a planar PP substrate. The results of the cross-
sectional imaging and the iron complexation reaction demon-
strated a uniform PHA grafting layer with a thickness of around 8
um. The developed PP-g-PHA chelating interface exhibited a
strong iron chelating activity (~80 nmol/cm?®) with an equilibrium
time of 24 h at pH 5.0. At pH 3.0, the PP-g-PHA film was able to
retain 50% of the ability at pH 5.0 to complex iron, indicating a
relatively broad active pH range. The developed surface grafting
procedure can also be adapted to prepare biomimetic metal che-
lating interfaces using other substrate materials (polyolefin films
and membranes, etc.). By utilizing siderophore-mimetic surface
chemistry, such effective metal chelating interfaces can extend
the applications of metal chelating polymers in environmental
remediation, water purification, and active packaging areas.
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