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An Electron-Conducting Cross-Linked Polyaniline-Based Redox Hydrogel,
Formed in One Step at pH 7.2, Wires Glucose Oxidase
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Depending on its hydration, polyaniline (PANI) conducts charge 5.00E-06
carriers by two different mechanisms. When not hydrated, it
conducts through one-dimensional (1D) bands. Such conduction
requires at least 1D semicrystalline PANIHydration disrupts the
parallel alignment of the chains and lowers the conduction. When
dissolved, PANI behaves as a polymeric redox co@pland if «
cross-linked and hydrated, it can form an electron-conducting redox =
hydrogel® In redox hydrogels, electrons diffuse through electron-
transferring collisions between hydrated reducible and oxidizable
polymer segmentsHydration lowers the local viscosity and reduces
attractive Coulombic interactions, thereby increasing segmental
mobility and electron diffusion. It also increases the permeability 7. 00E-06 ‘ .
of water-soluble ions and molecules. 02 0 02 04

Here we show that an electrostatic adduct of emeraldine- E/V
polyaniline and a polymer acid, which exhibits small band gap gjgre 1. Cyclic voltammogram of PANI/PAAMPSA at 66g-cm2 dry-
semiconductor-kind conductivity in the solid state, forms an weight loading; 50 mV/s scan rate; pH 7.2, 20 mM PBS.
electron-conducting redox hydrogel when cross-linked with a water-
soluble diepoxide at neutral pH and hydrated. The cross-linked and at>1 mA-cm2, are formed:1° In contrast, when GOXx is
polymer triples its weight upon hydration, and the absorbed water physically adsorbed oH,entrapped if? or electrodeposited é#
makes it permeable to glucose. When glucose oxidase (GOX) isfilms of metallic or semiconducting PANI or otherwise integrated
co-cross-linked within the hydrogel, its reaction centers are electri- on or in PANI films4-17 the glucose electrooxidation current
cally wired. As a result, the PANIGOX hydrogel catalyzes the  densities are lower. Such is even the case when PANI is covalently
electrooxidation of glucose &t0.3 V vs Ag/AgCl and ata current  hound to a gold substrate through a flavoenzyme #iiol, through
density of 225A-cm™2. nucleophilic thiol attack at ortho positions of PANI quinoimine

The PANFGOX bioelectrocatalyst was prepared at neutral pH ers19
in one pot in a single step. Methods reported by other groups were  The emeraldine PANI was made by oxidative template polym-
more difficult to practice. For example, a recently described high-  erization of aniline on water-dissolved poly(2-acrylamido-2-methyl-
rate electrocatalytic glucose oxidation methadilized special 1-propane sulfonic acid) (PAAMPSA) with ammonium persul-
polyaniline-containing microrods with dissolved, rather than im- 4102021 The conductivity of the PANI/PAAMPSA salt was 0.430
mobilized, GOx. The preparation of the microrods required pyrene . g 919 S/cm after the purified aqueous polymer/salt dispersion
sulfonic acid functionalization of single-walled carbon nanotubes, < spin- or drop-cast and dehydradhe molecular mass of
their embedding in aniline and polystyrene sulfonic acid, elec- the PAAMPSA was 724 kDa, and solid-state NMR showed that
tropolymerization of the aniline in porous alumina membranes the PANI segments were-@0 repeat units long. The shorter units
coated with a conductive gold support, and dissolving the al_umi_na were removed by added non-solvent (acetone) precipitation and
membrane. A_Ithough the steady-state glucose_ electrOOX|dat|onby filtration and repeated washings. Elemental analysis and X-ray
currgnt denS|t|gs were not reportgd for these1 microrods, voltam- photoelectron spectroscopy of the purified PANI/PAAMPSA
?bfgfvggve heights of 500A-cm™= at 5 m\ts™* scan rate were indicated an aniline/sulfonic acid molar ratio of about 1:0.9. To

' show that uncross-linked PANI/PAAMPSA is a typical, diffusion-

Glucose-permeable poly(ethylene glycol) diglycidyl ether . .
(PEGDGE) Féross-linke dpelgétroril-con du%:%i/ng )re dogxyhy d);ogels of ally mobile redox couple, glassy carbon electrodes were coated with
10uL of a 0.042 wt % aqueous solution of the polymer (&pcm—2

+/3+ iqi ; savlimi
Os**" complex, comprising polymers with polyvinylimidazole) initial dry-weight-based loading) and allowed to dry. Figure 1 shows

and partially N-alkylated poly(4-vinylpyridine) backbones, have S X .

been studied extensiveéhPEGDGE cross-links primary, secondary, tr:e TIUZI cycgc voltammogrzrgs c:\;theHP%A gI/EAAh:I]Pf,tmﬁodlflgg S

and tertiary amines, as well as heterocyclic nitrogens, including ete;;goce: lfl'nh er aligon nasom hp t. .pt.OS?ﬂ? ed u ZrF(’ANI)

those of polyaniline§ When GOx is coimmobilized in the @43+ atsfr. ldi : ZVO amn?ogramk!s c arfs/erlsAlclz ?A(I)Ee h

complex-comprising hydrogels, it is electrically wired, and 3D emeraldin€ redox couple, pea inged. 1 V vs Ag/AQCI. t_ oug

glucose electrooxidation catalysts, operating-@tl V vs Ag/AgCl the film Sl(_)le dissolved in the absence of a cros_s-llnker, the

voltammetric wave was stable at pH 7.2, and the anodic peak current

T Universite Bordeaux. increased linearly with scan rates up to 400 11V, as expected
#The University of Texas at Austin. for a weakly surface-bound redox couple.
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Figure 2. Dependence of the current_density on the g_Iucose oxidase weight Figure 3. Dependence of the steady-state current density on glucose
percentage. The glucose concentration was maintained at 32 mM. concentration for an electrode poised-ed.3 V vs Ag/AgCl, rotating at

500 rpm under argon.

To show that a hydrogel is formed upon cross-linking the PANI/
PAAMPSA with a 400 Da PEGDGE, through reaction with PANI
nitrogens’® we measured the water uptake at 0-dng2 dry-weight
loading of the films (cast frm a 5 wt % PANI/PAAMPSA
dispersion) in multiple hydrationdehydration cycles. To form the
films, aqueous polymer solutions were mixed at 1:0.07 w/w PANI/

In summary a polyaniline-based, electron-conducting, glucose-
permeable redox hydrogel was formed in one step at pH 7.2 by
cross-linking a polymer acid-templated PANI with water-soluble
PEGDGE. Incorporation of glucose oxidase in the hydrogel by co-

’ ) ) ! cross-linking in the same step led to electrical wiring of the enzyme
PAAMPSA solution/PEGDGE ratio, deposited on miCroscope ,nq formation of a glucose electrooxidation catalyst, allowing the
slides, and cured in ambient air for 48 h. The increasiereases  gjactrooxidation of glucose at a current density of 2265cm 2 at

in mass in cycles of (a) immersion in deionized water for 1 min, 3/ g Ag/AGCI.

(b) tilting to drain the water, (c) contacting the surface with

absorbent paper tissue (KimWipe) to remove surface water not Acknowledgment. Y.L.L. acknowledges funding from a Beck-
bound in the hydrogel, (d) air-drying, and (e) repeat rehydration man Young Investigator Award and a DuPont Young Professor
were measured. In three sets of measurements on different samplegzrant and support from the Keck Foundation. A.H. thanks the
the mass of the water added on swelling and lost upon drying was Welch Foundation and the Office of Naval Research for financial
2 + 0.2 times the weight of the dry PANI/PAAMPSA/PEGDGE. support. N.M. acknowledges funding from a European Young
To show that the hydrogel is permeable to glucose and is electrically Investigator Award (EURY]).
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