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Abstract: 

Macromolecules containing metals combine the processing advantages of polymers with the 

functionality offered by the metal centers. This review outlines the progress and recent developments 

in the area of electrochemical chemo/biosensors that are based on organometallic polymers. We focus 

on materials in which the metal centers provide function, allowing these materials to be used in 

electrochemical sensing applications based on various transduction mechanisms. Examples of 

chemo/biosensors featuring organometallic polymers that possess Fe, Os, Co and Ru are discussed. 

1. Introduction 

Organometallic polymers or metallopolymers refer to a wide range of metal-containing polymers, 

which have attracted rapidly expanding interest due to their unique chemical and physical properties 

and potential applications.1-9 Different metallic centers in these substances can adopt various 

coordination numbers, oxidation states and different coordination geometries. Additionally, different 

chain geometries, degrees of polymerization, types of bonding (covalent or supramolecular) and 

variation of other parameters of the primary chemical structure provide access to new and versatile 

classes of functional materials.10 The presence of metals in their main chain or side groups enables 

organometallic polymers to potentially play an unprecedented role in advanced technology in areas 

including nanoscale manufacturing,11-12 ceramics precursors,13 ferromagnetic materials,14 separation, 

drug delivery,15 molecular motors16 and actuators,17 photovoltaic devices,18 catalysis,19 sensing, energy 

conversion and storage, etc.  
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Interest in the development of new, easily processible materials that feature metal centers in synthetic 

polymer chains motivated scientists to tackle the synthesis of poly(vinylferrocene) by radical-

polymerization.20 Since this discovery, numerous synthetic approaches have been developed and 

adapted including polycondensation,21-22 controlled radical polymerization, living ionic polymerization, 

ring-opening polymerization,23-25 and electropolymerization26-27 to form organometallic polymers that 

include main-chain or side-chain metal centers. Synthetic advances have also expanded from those 

that make use of traditional covalent bonds to incorporate metal centers in polymers, to approaches 

which use potentially reversible, “dynamic” binding by non-covalent coordination interactions that 

yield organometallic supramolecular polymers.1, 28 Numerous reviews and monographs highlight and 

summarize the developments in the organometallic polymer field.25, 28-36  

Stimulus responsive, or smart macromolecular materials which exhibit abrupt conformational and 

chemical changes in response to small variations of external stimuli, are of intense current interest.37-39 

The incorporation of metal centers in organometallic polymers offers many unique opportunities in the 

area of stimuli responsive materials. In most cases, organometallic polymers have intrinsic redox and 

luminescent properties inherited from the presence of metal centers and have been explored, e.g. as 

potential sensing materials, as they are capable of responding to external stimuli and by signals, which 

can be measured or recorded.40-41 

Chemo/biosensors have been intensively researched due to their impact on numerous fields, such as in 

industrial processes, in vitro diagnostics (IVD), food quality control, chemical threat detection and 

environmental monitoring.42 A chemo/biosensor is a device that detects the presence of particular 

chemical substances, a class of chemicals, or the occurrence of certain chemical reactions and 

biological cues qualitatively or quantitatively.40 Chemo/biosensors have been developed for cations, 

anions, acids, vapors, volatile organics, biomolecules and for numerous other systems.42-44 Usually, the 

sensor contains a receptor which can selectively respond to a particular analyte, or register chemical or 

biological changes; a transducer which converts this response into electrical (or other) signals and a 

processor which collects, amplifies, and provides a read-out of the signal.41 Transducers include 

amperometric, potentiometric, gravimetric, piezoelectric, thermal or optical devices.. 
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Figure 1. A schematic of electrochemical chemo/biosensors based on organometallic polymer 
modified electrodes. 

 

Many commercial sensors have been developed based on inorganic-semiconductor or organic-

polymeric films that react with the analyte molecules.42, 45 The changes in chemical or physical 

properties of these films are monitored. Typically the concentration and chemical or physical 

characteristics of the analytes would determine the magnitude of the response. Although a variety of 

chemo/biosensors have been successfully commercialized, there is still a strong need for improvement 

in sensor fabrication with new materials and transduction mechanisms to enhance the sensing 

sensitivity, selectivity, reliability and robustness of the sensing process.  

Owing to the intrinsic luminescent properties of some metals, organometallic polymers featuring such 

metallic centers have been widely used as luminescence sensors by monitoring the fluorescence or 

phosphorescence change of the sensing system due to the presence of analytes. Several reviews and 

articles discuss the development of luminescent chemo/biosensors based on organometallic polymers.9, 

40, 46-50 Organometallic polymers are also used as mechanical probes,51 to fabricate sensitive 

membranes in surface acoustic wave devices for humidity sensing,52-55 or in quartz crystal 

microbalance (QCM) devices to detect and quantify organic vapors.56 Owing to the intrinsic redox and 

affinity properties of the metal, organometallic polymers have been employed in a variety of 
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electrochemical sensors by detecting the current, redox potential or resistance changes of the sensing 

system.  

In this review, we survey the recent developments and highlight some milestones related to designing 

electrochemical chemo/biosensors with organometallic polymers.  

2. Scope of organometallic polymers and metalorganic structures 

Organometallic polymers can contain a variety of metal centers including main group (p-block) metals 

such as Sn and Pb,57 transition metals such as Fe, Ir, Ru,47 Cr, Os,58 Pt,57 Ag, Co,59 or lanthanides and 

actinides such as Eu.2 The position of the metal centers in the polymers and the nature of the linkages 

between them define the various structural types.1 Based on the location of the metal centers, 

organometallic macromolecules can be divided into polymers with metal moieties embedded within 

the polymer backbone (Figure 2, polymer 1, 2.) and in the pendant side groups (Figure 2, polymer 3).59 

Considering the geometrical structure of macromolecules, the organometallic polymers may be linear 

(Figure 2, polymer 2), star-shaped (Figure 2, polymer 4) or dendritic (Figure 3). 

 

Figure 2. Examples of organometallic polymers. (1) Pd(II)-containing fluorene-based 
polymetallaynes,57 (2) poly(ferrocenylsilanes),25 (3) side chain Co(I) polymers featuring 
cyclopentadienyl-cobalt-cyclobutadiene (CpCoCb) units59 and (4) Ru(II)-containing star-shaped 
polymer.60 
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The linkages binding the metals can be covalent, or non-covalent. Covalent linkages enable 

irreversible or “static” binding of the metal while non-covalent coordination can allow potentially 

reversible “dynamic” binding, forming organometallic supramolecular polymers (Figure 4).1 Metal-

organic frameworks (MOFs), consisting of metal ions coordinated to organic molecules, are special 

organometallic polymers which represent an interesting class of crystalline molecular materials 

synthesized by combining metal-connecting points and bridging ligands with one-, two-, or three-

dimensional structures.61 
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6 

 

 

Figure 4. Organometallic polymer obtained by “dynamic binding” using M2+ complexation by the 
tritopic bis-terpyridine cyclam ligand.63 Reprinted with permission from ref. 63. Copyright (2013) 
Elsevier Inc. 

 

3 Electrochemical sensors 

Electrochemical chemo/biosensors should possess high selectivity, excellent sensitivity, low cost, ease 

of use, portability and simplicity of construction.64 The analytes and reactions being monitored by 

electrochemical methods typically cause a measurable current (amperometry), a measurable charge 

accumulation or potential (potentiometry), or alter the conductive properties of the medium between 

electrodes (conductometry).41 Many signal transduction schemes require a physical interface which 

generally involves chemically modified electrodes65 to tune electrochemical responses to analytes and 

improve detection sensitivity, selectivity and device stability. When preparing chemically modified 

electrodes, a thin film with a particular chemical composition and certain architecture is usually coated 

onto, or chemically bound to, the electrode surface in a rationally designed way, providing the desired 

properties to the electrode.66  

Major basic designs of thin polymer films include end-tethered polymer chains, films from functional 

particles, electrostatic layer-by-layer assembled films,67 block-copolymer films, crosslinked thin 

polymer or hydrogel thin films, porous films, etc.68-70 The techniques involved to obtain these films 

include drop-casting and spin-coating, inkjet printing, doctor blading, layer-by-layer assembly, 

grafting to and from methods, electropolymerization, etc. 71-73 
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Electrodes, modified with organometallic polymers, possess many interesting features that can be 

exploited for electroanalytical and sensor applications. The properties of the electrode and its sensing 

ability are easily controlled by carefully choosing the proper metal, the ligands and the decoration 

architectures. For example, by adapting the ligands to a certain metal (e.g. iron, cobalt), the redox 

properties can be tuned as the standard electrode potential is influenced by the ligands (Table 1). 

Additionally, organometallic polymer decorated electrodes often have a large surface with high redox-

active center loadings. 

Table 1. Standard electrode potentials of common half-reactions in aqueous solution, measured 
relative to the standard hydrogen electrode at 25 oC with all species at unit activity.74  
 

Half-reactions E
0
 / V 

���� + �� 	→ 	��	� +0.77 

��(���)�
��
+ �� 	→ 	��(���)�

	�
 +1.13 

��(��)�
�� + �� 	→ 	��(��)�

�� +0.36 

[����������]� + �� 	→ 	�������� +0.40 

���� + �� 	→ 	��	� +1.92 

��(���)�
�� + �� 	→ 	��(���)�

	� +0.06 

��(���)�
�� + �� 	→ 	��(���)�

	�
 +0.33 

��(�	��)�
�� + �� 	→ 	��(�	��)�

��
 +0.57 

 

3.1 Sensors based on ferrocene-containing organometallic polymers 

Metallocenes exhibit remarkable electronic and optical properties which make them versatile building 

blocks for incorporation into polymer systems. Ferrocene (Fc) and its derivatives represent the most 

common metallocenes applied in organometallic polymers. Discovered in 1951,75 ferrocene has a 

“sandwich” like structure with two cyclopentadienyl (Cp) rings coordinated to one Fe(II) cation as a 

neutral complex. The complex is small with dimensions of 4.1 Å × 3.3 Å, while the ferrocenium ion, 

the oxidized form of ferrocene, has dimensions of 4.1 Å × 3.5 Å.76 Considering the steric requirements, 
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van der Waals radii have been recommended for indicating the molecular dimensions.77 Thus, the 

neural species is ca. 6.7 Å long along the cylinder axis and ca. 5.7 Å wide.78 The dimensions of the 

ferrocenium ion are only slightly larger (cylinder axis of ca 6.8 Å, diameter ca. 5.9 Å). Because of the 

favorable electrochemical characteristics, such as low oxidation potential (pH-independent), fast 

electron-transfer rate, high levels of stability in its two redox states, low cost, and well-defined 

synthetic procedures for many derivatives, ferrocene has proved to be an effective building block in 

electrocatalysis and electrochemical sensing materials.79-80 

3.1.1 Polymers with ferrocene side groups 

As mentioned, organometallic polymers with metals in side groups are often utilized in 

electrochemical sensing. For example, the organometallic polymer poly(vinylanthracene-co-

vinylferrocene), containing pendent ferrocene groups, was synthesized to form a dual pH/sulfide 

electrochemical sensor.81 The electrode decoration was conducted by abrasively immobilizing the 

organometallic polymer onto the surface of polished basal plane pyrolytic graphite (BPPG) electrode 

by gently rubbing the material onto the electrode surface. The oxidation of the ferrocene moiety 

involves an electrocatalytic reaction with sulfide (Scheme 1), showing an enhancement in the 

oxidative peak current: the ferrocene moiety is oxidized at the electrode surface while the sulfide 

reduces the ferrocenium ion back to ferrocene, which is then re-oxidized at the electrode surface. The 

current increased linearly with the sulfide concentration over the range of 0.2-2 mM at pH values 

above 6.9 (Figure 5A). By monitoring the current changes, sulfides could be electrochemically 

detected by the poly(vinylanthracene-co-vinylferrocene) decorated electrodes.  

 

Scheme 1. The electrocatalytic reaction of sulfide with ferrocene moieties in a pH/sulfide 
electrochemical sensor.81 
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Figure 5. A) Dual pH/sulfide electrochemical sensor. Calibration plot of the normalized peak current 
of the ferrocene vs. sulfide concentration, at various pH values. B) Calibration plot of the variation in 
the peak potential of the anthracene units with respect to the ferrocene units, as a function of pH.81 
Reprinted with permission from ref. 81. Copyright (2006) Wiley-VCH. 

 

Electrodes covered with this organometallic polymer are also pH sensitive. The two-electron oxidation 

potential of the anthracene moiety was linearly related to the pH value (Figure 5B), and followed a 

Nernstian response with the protons, while the redox-active but pH-insensitive ferrocene moiety acts 

as the reference species (Figure 6). Additionally, the pH response was found to be temperature 

independent, showing an insignificant variation (<10 mV) over a range of temperatures. The ferrocene 

units here had a dual role, as an internal calibrating agent for the system and as an electrocatalyst 

involved in the sensing mechanism. Owing to the support of the polymer chain, the signal of the 

ferrocene group in this organometallic polymer at elevated temperatures showed a superior stability 

compared to that of ferrocene in solutions.82  
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Figure 6. The proposed electrochemical pathway for anthracene and ferrocene moieties in a pH/sulfide 
electrochemical sensor.81 
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Using similar organometallic polymers, the pH sensing ability was enhanced by associating the 

polymers with carbon nanotubes (CNTs).83 In such systems the plot of the anthracene moiety peak 

potential against pH was linear up to at least pH 11.6, showing a wider pH sensing range. 

Zhang et al. reported the fabrication of cationic poly(allylamine)ferrocene grafts on the surface of a 

gold electrode modified with negatively charged alkanethiols by electrostatic interaction.84 The 

modified electrode was used as an ascorbic acid sensor. The cyclic voltammogram of the decorated 

electrode showed, upon addition of ascorbic acid, an increase of the catalytic current and a decrease of 

the overpotential of ascorbic acid, which provides evidence for excellent electrocatalytic performance 

of the ferrocene-containing polymer in ascorbic acid oxidation. The modified electrode has many 

advantages as it is simple to fabricate, has a fast response and good chemical and mechanical stability.  

Organometallic polymers containing ferrocene moieties have also been designed and synthesized to 

construct amperometric biosensors with enzymes in which the Fc moieties act as mediators to enable 

the shuttling of electrons between the enzymes and the electrode.85 In most cases, the electrode 

surfaces were prepared by drop casting using mixtures of organometallic polymers and enzymes. 

Examples of redox ferrocene-containing organometallic polymers used in enzymatic sensing include 

poly(vinylferrocene-co-hydroxyethyl methacrylate),86 ferrocene-containing polyallylamine,87 

poly(glycidyl methacrylate-co-vinylferrocene),88 ferrocene-branched chitosan derivatives89 etc.  

The first generation of oxidase-based amperometric biosensors was based on the immobilization of 

oxidase enzymes on the surface of various electrodes. For these systems, the efficiency of electron 

transfer from the enzymes to the electrode has been found to be poor in the absence of a mediator. 

Taking the glucose biosensors as a model, the electron transfer between glucose oxidase (GOx) active 

sites and the electrode surface is the limiting factor in the performance of amperometric glucose 

biosensors. Because of the thick protein layer surrounding its flavin adenine dinucleotide (FAD) redox 

center as an inherent barrier, glucose oxidase does not directly transfer electrons to conventional 

electrodes.85 In GOx biosensors employing organometallic redox mediators, the metal center shuttles 

electrons between the FAD center and the electrode surface, thus significantly improving the 
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performance of the sensors. The mediation cycle is shown in Figure 7, and the reactions involved are 

as follows (Scheme 2): 

glucose + GOx(ox) gluconic acid + GOx(red)

GOx(red) + 2M(ox) GOx(ox) + 2M(red) + 2H+

2M(red) 2M(ox) + 2e
-

 

Scheme 2. Redox reactions in mediator-based glucose biosensors.85 

M(ox) and M(red) are the oxidized and reduced forms of the mediator, respectively. In this process two 

electrons are transferred from glucose to the redox centers of the GOx. These electrons then are 

transferred to the mediator, forming the reduced form of the mediator. The reduced form is re-oxidized 

at the electrode, giving a current signal proportional to the glucose concentration as the oxidized form 

of the mediator is regenerated.90 

 

Figure 7. Sequence of events occurring in mediator-based glucose biosensors.85 Reprinted with 
permission from ref. 85. Copyright (2008) American Chemical Society. 

 

Hydrogel films were obtained by crosslinking the drop casted films of enzymes and organometallic 

polymers to improve the stability and performance of the related biosensors. New materials were 

developed, with the aim of tailoring the interaction between the redox polymer and the enzyme and 

optimize the electron transfer between them. Polymer flexibility or segmental mobility, degree of 

functional density and hydration properties would all have impact on the performance of the sensor.91 

For example, redox polymer hydrogel films with glucose oxidase were formed by photoinitiated free-

radical polymerization of poly(ethylene glycol) and vinylferrocene with a film thickness of ~100 µm.90 

Electrodes decorated with a crosslinked thin film of ferrocene-bearing poly(ethyleneimine) (PEI) and 
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glucose oxidase hydrogel have also been utilized as glucose sensor.91-92 Efforts to reduce the film 

thickness have been made, as this was believed to enhance the sensing ability. To this end, by using 

crosslinkable polymers, it was possible to generate polymer coatings with varying thickness. Rühe and 

co-workers described the synthesis of poly(dimethylacrylamide) polymers containing both 

electroactive ferrocene moieties and photoreactive benzophenone groups which reacted as 

crosslinker.93 The ferrocene containing polymer was mixed with GOx and was deposited as a thin film 

on the electrode surface. The polymer layer was cross-linked and became firmly adhered to the 

electrode as a hydrogel thin film upon brief irradiation with UV light. Glucose-oxidizing electrodes 

with very high catalytic current responses were obtained.  

In another study, a thermoresponsive poly(N-isopropylacrylamide) (PNIPAM)-ferrocene polymer was 

synthesized and attached to a cysteamine-modified gold electrode by a simple grafting to method, 

forming a thin hydrophilic organometallic polymer film (Figure 8).94 The organometallic polymer 

acted as a covalently bound mediator. The flexible, brush-like redox polymer thin layers allowed an 

efficient interaction with the enzyme [soluble glucose dehydrogenzase (sGDH)] and enabled electrical 

communication between the cofactor pyrrolinoquinoline quinone (PQQ) of sGDH in the presence of 

glucose. At elevated temperature, the polymer shrank and the brush-like structure disappeared. Thus, 

the electron transfer between the electrode and sGDH could be controlled. 

 

Figure 8. Fabrication of a covalently bound PNIPAM-ferrocene thin film on a gold electrode by a 
simple grafting to method.94 Adapted with permission from ref. 94. Copyright (2007) American 
Chemical Society. 

 

Polymer brushes containing ferrocene groups have been explored for decorating electrodes for 

electrochemical sensing. For example, Kang and co-workers developed an enzyme-mediated 
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amperometric biosensor on ITO electrodes via surface-initiated atom-transfer radical polymerization 

(ATRP) of ferrocenylmethyl methacrylate (FMMA) and glycidyl methacrylate (GMA) (Figure 9) 

under chemical control.95 By ATRP, a ferrocene-containing organometallic polymer brush film was 

introduced on the electrode surface. Glucose oxidase was subsequently immobilized via coupling 

reactions to the glycidyl group in GMA segments. With the introduction of a redox-P(FMMA) block 

as the electron-transfer mediator, the enzyme-mediated ITO electrode exhibited high sensitivity. 

 

Figure 9. Ferrocene containing polymer brushes by SI-ATRP and the immobilization of Glucose 
oxidase on the thin film.95 Adapted with permission from ref. 95. Copyright (2009) Elsevier. 

 

In the above case, the ferrocene moieties of PFMMA segments in the polymer brush provide redox-

active properties to the polymer while the GMA segments offer possible sites for coupling with 

functional groups, e.g. GOx. Liu et al. used the same organometallic polymer brushes obtained by 

consecutive SI-ATRP of FMMA and GMA as label-free electrochemical immunosensors for sensitive 

detection of tumor necrosis factor-alpha antigen (TNF-α).96 The redox-active ferrocene moieties in the 
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PFMMA segment were introduced on the Au electrode surface to generate redox responsive signals, 

while the abundant epoxy groups in PGMA segments offered various possibilities for coupling TNF-

α antibodies by an aqueous carbodiimide coupling reaction. The antibody-coated electrode was used 

to detect target antigens by capturing TNF-α onto the electrode surface through immunoreactions, 

which would cause a drop of the redox currents of the film (Figure 10). The oxidation peak currents 

decreased linearly with TNF-α concentration in the range of 0.01 ng/ mL to 1 µg/ mL with a detection 

limit of 3.94 pg/ mL. By monitoring the oxidation peak current of the electrode, an electrochemical 

biosensor for certain antigens with good sensitivity was realized. 

 

 

Figure 10. Label-free electrochemical immunosensors based on ferrocene-containing polymer 
brushes.96 Adapted with permission from ref. 96. Copyright (2012) Elsevier. 

 

Garrido and co-workers prepared poly(methacrylic acid) brushes on a diamond electrode which was 

dual-functionalized with the redox enzyme glucose oxidase and aminomethyl ferrocene. The authors 

demonstrated the amperometric detection of glucose by these organometallic polymer brushes.97 The 

GOx and ferrocene moieties were well-distributed within the polymer brushes. This attempt offers an 

interesting strategy for the fabrication of smart electrodes for biosensors by electrical wiring of 

enzymes with a redox-responsive polymer. 

A signal amplification strategy for electrochemical detection of DNA and proteins, based on ferrocene 

containing polymer brushes, was also reported.98 The DNA capture probe (thiolated ssDNA) with a 

complementary sequence to the target DNA was immobilized on the electrode Au surface. After the 
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formation of sandwiched DNA duplexes with probe DNA, target DNA and the initiator-labeled 

detection probe DNA, poly(2-hydroxyethyl methacrylate) (PHEMA) brushes were grown from the 

duplexes in a controlled manner. The growth of long chain polymeric material provided abundant sites 

for subsequent coupling of electrochemically active ferrocene moieties. These ferrocene-containing 

polymers brushes in turn significantly enhanced the electrochemical signal output. The measured 

redox current of ferrocene was proportional to the logarithm of DNA concentration from 0.1 to 1000 

nM.  

The electrostatic layer-by-layer (LbL) assembly technique has been broadly employed as a simple and 

convenient approach in fabricating nanostructures with precise control of film structure and 

composition (in the film-surface normal direction).99-101 The LbL assembly is usually based on the 

alternating adsorption of oppositely charged polyelectrolytes via electrostatic interaction. Furthermore, 

in addition to electrostatics, various other approaches for film assembly have been utilized to construct 

covalently bonded layers. For example, by covalent LbL assembly of periodate-oxidized glucose 

oxidase and the redox polymer poly(allylamine)ferrocene on cystamine modified Au electrode 

surfaces, highly stable glucose oxidase multilayer films were prepared as biosensing interfaces (Figure 

11).102 The electrode modified with the multilayer displayed excellent catalytic activity for the 

oxidation of glucose. The sensitivity of the sensor depended on the number of bilayers. The catalytic 

current with a certain glucose concentration was linearly related to the number of assembled layers. By 

controlling the number of bilayers on the Au electrode, the sensor sensitivity could be tuned. 
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Figure 11. Layer-by-layer construction of GOx/PAA-Fc multilayer films on a Au electrode surface.102 
Reprinted with permission from ref. 102. Copyright (2004) Elsevier. 

 

Electropolymerization is another suitable deposition approach for the formation of ferrocene-

containing polymeric systems to obtain directly coupled layers at the electrode surface.26 In this 

method, electropolymerizable monomers functionalized with ferrocene units were used, e.g. thiophene, 

pyrrole, aniline, or vinyl groups. Organometallic polymer films could be formed by this simple and 

reproducible process with controllable thickness and morphology. For example, Surinder et al. 

prepared a copolymer film of pyrrole and ferrocene carboxylate modified pyrrole (P(Py-FcPy)) on 

indium-tin-oxide (ITO) substrates by electrochemical polymerization. Glucose oxidase (GOx), the 

“model enzyme”, was entrapped during deposition in the fabrication of this electrochemical 

biosensor.103 The redox properties of the pyrrole copolymer, enhanced by the presence of ferrocene 

moieties, showed a favorable electron transfer with an improved electrochemical signal for 

electrochemical biosensors. This example demonstrates the feasibility of fabricating sensitive 

electrochemical biosensors using ferrocene modified polypyrrole films. 
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3.1.2 Polymers containing ferrocene in the main chain 

Redox responsive poly(ferrocenylsilane)s (PFSs) were also used to fabricate chemo/biosensors. PFSs4, 

25 belong to the class of organometallic polymers which are composed of alternating ferrocene and  

silane units in the main chain. These polymers can be reversibly oxidized and reduced by chemical or 

electrochemical means.104-106 With the development of thermally induced, catalytic, living anionic and 

living photo-polymerization of silicon-bridged ferrocenophanes, well-defined PFSs showing a wide 

range of chain-substituted forms have become available.23, 107 The processability and redox 

characteristics of PFSs make them suitable for the modification of surfaces and the fabrication of 

functional electrodes which have significant potential in the electrochemical detection of various 

analytes, including biological ones. 

For example, our group fabricated various PFS grafts on electrodes through different approaches 

(simple “grafting to”, covalent layer-by-layer assembly and electrografting) and investigated the 

sensing abilities of these redox-active interfaces. 

 

Figure 12. Schematic representation of the covalent surface-attachment of PFS chains (a) on a silicon 
substrate and (b) on a gold substrate. Reproduced from ref. 108 with permission from The Royal 
Society of Chemistry. 
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Poly(ferrocenyl(3-iodopropyl)methylsilane) was covalently immobilized onto amine-modified 

surfaces by amination of iodopropyl side groups of PFS with a simple “grafting to” method, forming 

thin, uniform and relatively dense PFS films (Figure 12).108 CV studies showed that the tethered PFS 

grafts on the electrode could effectively catalyze the oxidation of ascorbic acid which formed the basis 

for the use of PFS-decorated electrodes as electrochemical sensor.  

 

Figure 13. (a) Schematic representation of PFS/PEI multilayer fabrication on amine-functionalized 
substrates. (b) Amperometric response of (PFS/PEI)4-PFS and (PFS/PEI)8-PFS to H2O2 at −0.1V (vs. 
Ag/AgCl) constant potential, where each step represents 25 µM H2O2. Adapted with permission from 
ref. 109. Copyright (2013) American Chemical Society. 

 

This simple “grafting-to” method was extended further to include a covalent LbL deposition process. 

The sequential buildup of PFS layers was realized by using the amine alkylation reaction between PFS 

bromopropyl side groups and poly(ethylene imine) (Figure 13).109 The thickness and composition of 

the grafts on the electrode could be precisely tuned. Owing to the formation of covalent bonds between 

the layers, these covalently interconnected layers do not disassemble upon oxidation and reduction, in 

contrast to PFS layers featuring similar backbones held together by electrostatic forces.15, 110-111 

PFS/PEI multilayers were successfully employed in the electrochemical sensing of ascorbic acid and 

hydrogen peroxide. In Figure 13b the sensor response of PFS multilayers with different number of 

bilayers is compared to consecutive additions of H2O2. Obviously, the amount of accessible ferrocene 

moieties per unit area at the electrode directly affects the performance of the sensor. 
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Figure 14. Electrografting of PFS on Au substrate in ionic liquid. Adapted with permission from ref. 

112. Copyright (2014) American Chemical Society. 

 

In another study by us, ultrathin, robust, dense, redox active organometallic PFS films were introduced 

to Au substrates using the electrografting method. The PFS grafts were formed within 5 min by 

cathodic reduction of Au substrates in a solution of imidazolium-functionalized PFS in the ionic liquid 

1-ethyl-3-methylimidazolium ethyl sulfate (Figure 14).112 The electrografting of the organometallic 

polymer followed the equation shown in Figure 14. The imidazolium side group of the PFS forms a 

complex with the auride ion (Au−) generated during the cathodic reduction of the Au substrate leading 

to the formation of new phases with the general formula [PFS-MID+Au−]. The Au electrodes were 

modified with PFS in this novel, simple and efficient method and employed as an ascorbic acid sensor. 

The amperometric response of the modified electrode to successive additions of ascorbic acid was 

evaluated at a fixed potential of 0.52 V (vs. Ag/AgCl), showing a rapid response and a high sensitivity.  

 

Figure 15. Fabrication process of electrodes comprised of GOx and PI-PFS mediators.113 Adapted with 
permission from ref. 113. Copyright (2012) American Chemical Society. 
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A PFS based glucose sensor was fabricated by decorating porous carbon electrodes with a layer of 

glucose oxidase and by a film of polyisoprene-b-poly(ferrocenyldimethylsilane) (PI-b-PFDMS) by 

drop-coating followed by chemical crosslinking with OsO4.
113 It was found that the morphology of the 

film could be controlled by varying the block ratio of the copolymer and the composition of the 

casting solvent. By treatment with OsO4, a cross-linked and stable film was obtained. Glucose oxidase 

was employed as model enzyme and PI-b-PFDMS was used as electron mediator (Figure 15). The role 

of block copolymer morphology in the mediation of electron transport between the electrode and 

reaction center was investigated. The Fc moieties packed within the self-assembled structures were 

very useful to improve the electron transfer rate between the GOx and the electrode. The utilization of 

a biocontinuous microphase-separated block copolymer structure revealed a remarkable enhancement 

in catalytic currents and good glucose sensitivities at low glucose concentrations.  

 

3.1.3 Dendrimers containing ferrocene termini 

Dendrimers are well-defined, highly branched, star-shaped macromolecules bearing a large number of 

functional end groups at the periphery of the molecule. Metallo-dendrimers have been prepared and 

reported in the literature.114 Dendrimers bearing ferrocene moieties belong to the family of redox-

active organometallic polymers and are also useful in sensing applications. For example, redox active 

dendrimers consisting of flexible poly(propyleneimine) cores with octamethylferrocenyl units were 

deposited onto a platinum electrode and the system was applied as hydrogen peroxide and glucose 

sensor.115 The dendrimer modified electrodes acted as electrocatalysts in the sensing application and 

the structural characteristics of the dendrimers influenced the sensor's behavior.  

Astruc and co-workers synthesized a series of ferrocenyl dendrimers suitable for electrochemical 

sensing.116-121 1,2,3-Triazolylferrocenyl dendrimers prepared by click chemistry are selective 

electrochemical sensors for both transition-metal cations and oxo anions (H2PO4
− and ATP2−) with 

dramatic dendritic effects.118 The ferrocenyl termini, which were directly attached to the triazole rings 

in the dendrimers, served as a redox monitor, showing a single, fully reversible CV wave (Figure 16). 
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When an oxo anion (H2PO4
− or ATP2−, but not HSO4

−) or a transition-metal cation (Cu+, Cu2+, Pd2+, or 

Pt2+) salt was added, the redox peak position of the ferrocenyl dendrimers shifted when they 

recognized certain oxo anions or transition metals. According to the Echegoyen-Kaifer model,122 the 

process is a sign of a relatively “strong redox recognition”, indicated by only a shift of the initial CV 

wave. 
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Figure 16. Structure of ferrocene-containing dendrimers and the redox sensing of both oxo anions (A−) 
and metal cations (M+) by poly-1,2,3-triazolylferrocenyl dendrimers: cyclic voltammograms of 
dendrimers a) without and b) in the presence of (n-Bu4N)(H2PO4); c) in the presence of [Pd 
(MeCN)4](BF4)2.

118 Adapted with permission from ref. 118. Copyright (2007) Wiley-VCH. 

 
For oxo anions, the peak position shifted to a less positive potential (Figure 16b), showing that the 

dendrimer-oxo anion assembly is easier to oxidize than the dendrimer itself. For metal cations, the 

oxidation peak appeared at a more positive potential (Figure 16c) than the initial peak, indicating that 

the cation-dendrimer assembly is more difficult to oxidize than the dendrimer. Thus the 

metallodendrimers containing ferrocene termini served as redox sensors for selective recognition of 

anions and cations.  

3.2 Functionalization and applications with Os-containing compounds 

Osmium is a transition metal in the platinum group and it can form compounds with oxidation states 

ranging from −2 to +8. Os(II), Os(III) and Os(IV) complexes are the most widely used ones in 
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electrochemical studies.76 Osmium-based redox organometallic polymers have attracted interest as 

efficient redox platforms for catalysis and biosensing because of their facile and reversible electron-

transfer capability, and the possibility to tune the redox potential by changing the ligand and the 

backbone structure.123 Figure 17 and Table 2 summarize the structures of several osmium-based 

polymers possessing redox centers distributed along the backbone,124 such as poly(vinylimidazole) 

(PVI), poly(4-vinylpyridine) (P4VP), or polypyrrole and others125 and their redox potential under 

certain conditions. Unlike the ferrocene moieties which are neutral groups within the polymer, Os 

complexes with ligands often introduce charges into the polymer. 

 

Figure 17. Molecular structures of osmium-based polymers Os1 to Os6.124  

Osmium-based polymers are excellent candidates as effective mediators for shuttling electrons 

between electrode and analytes and have been applied in biosensors for measuring ascorbic acid,126 

lactate,127 H2O2,
128 dopamine,129 etc.  
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There are many examples where osmium-containing organometallic polymers are used to "wire" 

enzymes in order to create amperometric biosensors. In enzyme electrodes, the polymer structure on 

the electrode is one of the key factors that influence the electron transfer rate, surface coverage of 

redox active centers, charge transport and propagation. Diffusion and permeation of soluble species 

through the polymer thus affect the performance of polymer-decorated electrodes in sensing.130 

Table 2. Redox potential of osmium-based organometallic polymers. 

Compound 

Redox potential 

(vs Ag/AgCl /V) 

Ref. Compound 

Redox potential  

(vs Ag/AgCl / V) 

Ref. 

Os1 + 0.55, pH 5 131 Os2 + 0.35, pH 7.4 132 

Os3 + 0.10, pH 5 133 Os4 - 0.16, pH 7.4 134 

Os5 -0.069, pH 7.4 135 Os6 -0.19, pH 7.2 136 

 

Like ferrocene-containing organometallic polymers, Os-containing polymers can also form stable 

hydrogels in aqueous solution and provide excellent matrices for immobilizing enzymes on electrode 

surfaces.137-139 When enzymes and mediators are co-immobilized in the film, they are concentrated and 

closely connected which leads to strong bioelectrocatalytic activities. Much effort has been made to 

enhance the conductivity and performance of osmium-polymer-hydrogel-based biosensors.125, 140-144 

For example, new linkers have been introduced between the osmium complex and the polymer 

backbone,145 co-electrodeposition techniques were employed to form crosslinked thin films from 

enzymes and polymers,146 and carbon nanotubes or graphene were integrated with the polymers.147  

Zafar et al. assembled FAD-dependent, glucose dehydrogenase (GcGDH) based hydrogel thin films 

with different Os polymers on graphite electrodes for glucose sensing.144 Six different Os-containing 

polymers with PVI or P4VP backbone, whose redox potentials were tuned by the ligands, were 

employed in the immobilization of the enzyme. The type of Os-containing polymer and enzyme/Os 

polymer ratio significantly affect the performance of the biosensors. 
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A thermo-, pH-, and electrochemical-sensitive hydroxypropylcellulose-g-poly(4-vinylpyridine)-Os 

(bipyridine) (HPC-g-P4VP-Os( bpy)) graft copolymer (Figure 18) was synthesized by Huang et al.130 

A biosensor for glucose detection was fabricated by immobilizing GOx on the graft copolymer-

decorated electrode. The water-soluble HPC backbone with excellent swelling ability provided an 

excellent environment for enzyme activity while the Os complex served as the redox mediator. The 

sensor showed an enhanced sensitivity for glucose detection up to 0.2 mM. 

 

Figure 18. Preparation of HPC-g-P4VP-Os(bpy).130 Adapted with permission from ref. 130. Copyright 
(2012) American Chemical Society. 

 

Stable and porous films were formed by drop-coating electrodes with PVP-Os/chitosan and enzyme 

composites, showing an enhanced electrocatalytic activity for glucose sensing.58 Porous structures 

(Figure 19B) resulted from random inter and intra polymeric cross-linking between two positively 

charged polymers, PVP-Os and chitosan by using glutaraldehyde, while the PVP-Os film had a 

homogeneous and smooth morphology (Figure 19A). When testing the GOx/PVP-Os- and GOx/PVP-

Os/Chitosan- modified electrodes, the latter was found to exhibit a more than three times higher 

catalytic current. The enhanced catalytic conversion rate of the chitosan composite for glucose 

oxidation is a result of the stable incorporation of the enzyme into the porous and highly hydrophilic 

hydrogel. The porous structure enables the fast movement of chemicals involved in the glucose 

oxidation reaction. 
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Figure 19. SEM images of the PVP-Os polymer (A) and PVP-Os/chitosan composite (B).58 Adapted 
with permission from ref. 58. Copyright (2013) Wiley-VCH. 

 

Zhang and Shen et al. also used the LbL assembly technique to modify the electrode with a 

polycation-bearing Os complex and glucose oxidase in the 1990s. The cyclic voltammetry curves they 

reported indicated that the osmium transferred the electrons successfully between the immobilized 

enzyme and the electrode surface.148 

Minko, Katz et al. developed a smart sensing system based on an organometallic polymer containing 

Os centers in the side chains.149-150 A poly(4-vinylpyridine) (P4VP) brush functionalized with Os(dmo-

bpy)2
2+ (dmo-bpy = 4,4’-dimethoxy-2,2’-bipyridine) redox groups was grafted to an ITO electrode. 

The electron exchange between the polymer-bound Os complex and the electrode was tuned by the 

swelling degree of the polymer chain. At pH < 4.5, due to the protonation of the pyridine groups, the 

film swelled, allowing electron exchange (Figure 20). At pH > 6, the polymer was in a collapsed state 

and the electrochemical process was inhibited because of frozen polymer chain motion.149 
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Figure 20. Reversible pH-controlled transformation of the Os-containing organometallic polymer on 
the electrode surface between electrochemically active and inactive states.150 Adapted with permission 
from ref. 150. Copyright (2008) American Chemical Society. 

 
The structural changes of the polymer enabled reversible transformations at the electrode surface 

between the active and the inactive states. The electrochemical activity of the Os-containing polymer 

modified electrode was combined with a biocatalytic reaction of glucose in the presence of soluble 

glucose oxidase (GOx), showing reversible activation of the bioelectrocatalytic process. The pH-

controlled, switchable redox activity enabled the modified electrode to serve as a "smart" interface for 

a new generation of electrochemical biosensors with a signal controlled activity.150 

Os-containing polymers also have potential uses in gene detection arrays.151-154 For example, an Os-

containing polymer in combination with the enzyme soybean peroxidase (SBP) was used to detect a 

single base pair mismatch in an 18-base oligonucleotide.151 A single-stranded 18-base probe 

oligonucleotide was covalently attached to an Os-containing redox polymer film on a microelectrode, 

while the target single-stranded 18-base oligonucleotides were bound to the enzyme. Hybridization of 

the probe and target oligonucleotides (Figure 21) brought the enzyme close to the modified electrode 

which switched on the electrocatalytic reduction of H2O2 to water. By monitoring the current 

enhancement, the single base mismatch in an oligonucleotide could be amperometrically sensed with 

the organometallic polymer-coated electrode. 
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Figure 21. A DNA base-pair mismatch detection system based on an Os-containing polymer.151
 

Reprinted with permission from ref. 151. Copyright (1999) American Chemical Society. 

 

Employing a similar mechanism, an enzyme-amplified amperometric nucleic acid biosensor was 

proposed by Gao et al. based on sandwich-type assays.154 Capture probe, sample DNA and detection 

probe with GOx formed a sandwich structure on the electrode by hybridization. The Os-containing 

organometallic polymer was introduced on the electrode surface by electrostatic interaction, activating 

and mediating the enzymatic reactions of the enzyme labels (Figure 22). With high electron mobility 

and good kinetics provided by the organometallic polymer, the nucleic acid molecules were 

amperometrically detected at femtomolar levels. 
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Figure 22. Illustration of the nucleic acid electrochemical activator bilayer detection platform.154 
Adapted with permission from ref. 154. Copyright (2004) American Chemical Society. 

 

3.3 Immobilization and use of Co-containing molecules 

Cobalt-based organometallic polymers are also well-suited for sensory applications as the coordination 

ability of the cobalt enables further bonding of specific analytes.155 Compared to other metal centers, 

cobalt is less sensitive to water and oxygen in ambient conditions.156 Swager et al. prepared a series of 

cobalt-containing conducting organometallic polymers and demonstrated that communication between 

the metal center and polymer backbone could be tuned by the reversible binding of small molecules. 

The energy levels of the metal-based orbitals could be altered which made these polymers highly 

suitable for small ligating molecules detection.34  

Fox instance, a selective and effective detection system for the physiologically important species nitric 

oxide has been developed based on chemoresistive changes in a cobalt-containing conducting 

organometallic polymer film device.156 The corresponding metal-containing monomer, featuring 

polymerizable 3,4-(ethylenedioxy)thiophene (EDOT) groups, was electropolymerized onto the 

working electrode surfaces, forming a conducting organometallic film (Figure 23A). The polymer film 

was highly conductive and the metal was intimately involved in the conduction pathway. When NO 

was exposed to the microelectrodes decorated with this cobalt-containing conducting polymer, 
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coordination of the ligand occurred, which changed the orbital energies of the complex, resulting in an 

increase in electrical resistance (Figure 23B). The cobalt metal center adopted a square pyramidal 

coordination arrangement to accommodate the addition of a bent NO ligand to form polymer-(NO) 

complexes. The device was insensitive to gases such as CO2, O2 and CO while showing a large, 

irreversible resistance change when exposed to NO2.  

 

 

Figure 23. (A) Fabrication of conducting organometallic polymer electrode devices by 
electropolymerization across interdigitated microelectrodes (IME). (B) Chemoresistive response to 
NO gas exposure in dry N2. The unconditioned film is shown in black, the conditioned film at 0.262 V 
(vs Fc/Fc+) for 2 min is shown in red, and the poly-EDOT film is shown in blue.156 Adapted with 
permission from ref. 156.  Copyright (2006) American Chemical Society. 

 

3.4 Electrode decoration with Ru-containing polymers 

Organometallic polymers containing ruthenium are often used in photoelectrochemical sensors.157-160 

The ruthenium moieties within the polymer serve as photoelectrochemically active materials. Take 

[Ru(bpy)3]
2+(bpy=2,2’-bipyridine) as an example, where the excited state of Ru(II) is generated upon 

irradiation with light. The [Ru(bpy)3]
2+ can react as electron donor or acceptor, producing an anodic or 

cathodic photocurrent (Figure 24).161 
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Figure 24. Schematic illustrations of A) anodic and B) cathodic photocurrent generation mechanisms 
by a ruthenium complex.161 Adapted with permission from ref. 161. Copyright (2014) American 
Chemical Society. 

 

Based on this phenomenon, Cosnier et al. fabricated several photoelectrochemical immunosensors for 

the detection of biologically important species.157 For example, a biotinylated tri(bipyridyl) 

ruthenium(II) complex (Figure 25) with pyrrole groups was electropolymerized on the electrode to 

form a biotinylated Ru-containing polypyrrole film. A cathodic photocurrent could be generated under 

illumination in the presence of an oxidative quencher. The immunosensor platform was built by 

subsequently attaching avidin and biotinylated cholera toxin (the probe) to the Ru-containing 

organometallic polymer decorated electrode via the avidin-biotin reaction. The photocurrent of the 

layered system decreased as the increase in steric hindrance thwarted the diffusion of quencher 

molecules to the underlying Ru-containing polymer film. When the analyte, consisting of cholera toxin 

antibodies (anti-CT), was introduced to the system, the photocurrent further decreased, due to the 

specific binding of the antibodies to the electrode. By monitoring the variation of the photocurrent, 

detection of the corresponding antibody was realized from 0 to 200 µg/mL.157 
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Figure 25. Structure of the biotinylated tri(bipyridyl) ruthenium(II) complex.157 

Similarly, a label-free photoelectrochemical immunosensor and aptasensor were fabricated based on 

another Ru(II) containing organometallic copolymer. The bifunctional copolymer158 was 

electropolymerized on the electrode using pyrenebutyric acid, Nα',Nα-bis(carboxymethyl)-L-lysine 

amide (NTA-pyrene) and [tris-(2,2’-bipyridine)(4,4’-(bis(4-pyrenyl-1-ylbutyloxy)-2,2’-bipyridine] 

ruthenium (II) hexafluorophosphate (Ru(II)-pyrene complex). The pyrene groups, present in both 

compounds, underwent oxidative electropolymerization on platinum electrodes. The resulting 

copolymer contained NTA moieties, which functioned as an immobilization system for biotin- and 

histidine-tagged biomolecules, and Ru(II)-pyrene served as the photoelectrochemical transducing 

molecule. 

Upon illumination, excited state of Ru(II) can be formed and further quenched by sacrificial electron 

donors or acceptors, generating photocurrent. For the construction of an immunosensor for cholera 

antitoxin antibodies (anti-CT) detection, biotin-Cu(NTA) interactions were used to modify the 

electrode with biotin-conjugated cholera toxin molecules (CT) (Figure 26A). The resulting copolymer-

CT immunosensor was exposed to different anti-CT concentrations and the photocurrent responses 

were recorded. The normalized immunosensor response increased linearly with increasing antibody 

concentration (Figure 26B). By immobilizing thrombin binding aptamer (TBA) to the Ru-containing 

copolymer film, a photoelectrochemical aptasensor for thrombin was also developed (Figure 26 CD). 
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Figure 26. Photoelectrochemical immunosensor and aptasensor. A) Operating principle of the 
photoelectrochemical immunosensors. B) Calibration curve for sensing anti-CT concentrations 
ranging from 0 to 8 µg/mL. C) Photocurrent measurement for the electrode a) before and b) after 
thrombin binding aptamer anchoring and c) after incubation with thrombin (12 pM) and D) calibration 
curve for photoelectrochemical aptasensing for thrombin concentrations ranging from 0 to 10 pM. All 
measurements were recorded in de-aerated 10 mM sodium ascorbate 0.1 M PBS solution.158 Reprinted 
with permission from ref. 158. Copyright (2013) Elsevier. 

 
 

3.5 Electrochemical sensors with metal-organic coordination polymers 

Metal-organic coordination polymers (MOCP), also known as metal-organic frameworks (MOFs) or 

coordination networks utilize metal-ligand bonds to form polymer backbones. The wide range of 

choices for the organic linkers and metal ions for MOF construction have permitted the rational 

structural design of various MOFs with targeted properties.61, 162-164 Ultrahigh porosity, large accessible 

surface areas, tunable structure, open metal sites, and high thermal and chemical stability of MOFs 

make them promising candidates for potential applications in many fields. Here we focus on the 

applications of MOFs in electrochemical sensing.  
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 Some MOFs or MOF complexes exhibited excellent electrocatalytic activity, which is suitable for 

electrochemical sensor fabrication. For example, a two-dimensional Co-based metal-organic 

coordination polymer (Co-MOCP) was prepared by a simple solvothermal synthesis.165 1,3,5-Tri(1-

imidazolyl)benzene, a typical imidazole-containing tripodal ligand with N donors, was used for the 

construction of the 2-D coordination architectures with Co2+. The electrode decorated with Co-MOCP 

was used for the electrocatalytic oxidation of reduced glutathione (GSH).165 This electrochemical 

sensor showed a wide linear range (from 2.5 µM to 0.95 mM), low detection limit (2.5 µM), and high 

stability towards GSH, which renders it a good platform for GSH sensing.  

Heterogeneous MOFs were also proposed for sensor fabrication. Hosseini et al. developed L-

cysteine166 and hydrazine167 electrochemical sensors with Au-SH-SiO2 nanoparticles immobilized on 

Cu-MOFs. Guo et al. demonstrated the electrocatalytic oxidation of NADH and reduction of H2O2 

with macroporous carbon (MPC) supported Cu-based MOF hybrids.168  

Cu terephthalate MOFs were integrated with graphene oxide (GO) and deposited onto a glassy carbon 

electrode. The hybrid film was treated with electro-reduction to convert GO in the composite to 

graphene, the highly conductive reduced form.169 Because of the synergistic effect from graphene’s 

high conductivity and the unique electron mediating action of Cu-MOF, the decorated electrode 

showed a high sensitivity and low interference towards acetaminophen (ACOP) and dopamine (DA). 

By monitoring the oxidation peak current of the two drugs with differential pulse voltammetric (DPV) 

measurements, the concentrations of ACOP and DA could be determined.  

Owing to high porosity and impressive absorption ability, MOFs could be used as novel and efficient 

immobilization matrices for enzymes. Glucose oxidase-based glucose biosensors and tyrosinase-based 

phenolic biosensors were fabricated with Au or Pt based organometallic polymers.170 The coordinated 

organometallic polymer network can immobilize enzymes with high load/activity, showing improved 

mass-transfer efficiency, and the thus-prepared glucose and phenolic biosensors exhibited excellent 

performance with long-term stability. Figure 27 displays the one-pot fabrication process of the 

functional electrode and the biosensing mechanism. 2,5-Dimercapto-1,3,4-thiadiazole (DMcT) which 
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enables coordination of two or more metal ions was chosen to react with Au ions to form a porous 

structure in the presence of tyrosinase. Chronoamperometric measurements were used to monitor the 

current variation under different phenolic concentrations. The decorated electrode showed enhanced 

enzyme catalysis efficiency and excellent sensing performance towards phenol, resulting from the 

porous structure of the organometallic network which provided adequate space for enzyme entrapment 

and facilitated the mass transfer of the analytes and products.  

 

Figure 27. Illustration of the fabrication of tyrosinase-based phenolic biosensors and the biosensing 
mechanism.170 Reprinted with permission from ref. 170. Copyright (2011) American Chemical Society. 

 

Mao et al. studied a series of zeolitic imidazolate frameworks (ZIFs) as a matrix for integrated 

dehydrogenase-based electrochemical biosensors.171 ZIFs with various pore sizes, surface areas and 

functional groups were investigated as matrix for co-immobilizing electrocatalysts (i.e., methylene 

green, MG) and dehydrogenases (i.e., glucose dehydrogenase, GDH). ZIF-70 [Zn(Im)1.13(nIm)0.87, 

Im=imidazole, nIm=2, nitroimidazole] showed outstanding adsorption capacities toward MG and 

GDH and was used to construct a biosensor by drop-casting MG/ZIF-70 on a glassy carbon electrode, 

followed by coating GDH onto the MG/ZIF-70 composite. In a continuous-flow system, the biosensor 

was linearly responsive to glucose in the range of 0.1 - 2 mM. 

Electrochemical sensors for the differential pulse anodic stripping voltammetric determination of lead 

based on multi-wall carbon nanotubes@Cu3(BTC)2 (BTC=benzene-1,3,5-tricarboxylate)172 and amino-

functionalized Cu3(BTC)2
173 were also reported. The sensing systems showed excellent calibration 

responses towards lead at low concentrations, resulting from the absorbing effect of the MOFs. 
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MOFs showed superior sorption properties towards small molecules. The high porosity and reversible 

sorption behavior suggests that the MOFs are suitable candidates for fabricating gas sensors. The 

absorption by, or desorption of molecules from the MOFs often induces changes in the dielectric 

properties of these materials.174 By utilizing this characteristic, MOFs were applied as sensor materials 

for impedimetric gas sensors. For example, Achmann et al. constructed the first impedance sensor with 

Fe-1,3,5-benzenetricarboxylate-MOF (Fe-BTC) for humidity sensing, which responded linearly in the 

range of 0 to 2.5 vol% water.174 

A rubidium ion containing metal-organic framework CD-MOF has been shown as a candidate for CO2 

detection. The organometallic polymer CD-MOF showed an extended cubic structure comprising units 

of six γ-cyclodextrins (CD), linked by rubidium ions, which could react with gaseous CO2 to form 

CO2-bound CD-MOF. The absorption process is reversible (Figure 27). The pristine CD-MOF 

exhibited a high ionic conductivity. When binding with CO2, a large drop in the conductivity (~550-

fold) was monitored by electrochemical impedance spectroscopy. The CO2 sensors that were 

fabricated based on this principle were capable of measuring CO2 concentrations quantitatively.175 

Figure 28 also shows the cyclic change of conductivity of the CD-MOF with sequential CO2 

absorption and desorption. The plot of average conductivity value vs. CO2 concentration shows that 

the sensitivity of the conductivity change is relatively high at low CO2 concentration. This example 

demonstrates that MOFs have a promising future in the field of quantitative sensing applications. 
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Figure 28: CO2 sensor based on a Rubidium ion containing metal-organic framework CD-MOF.175 
Adapted with permission from ref. 175. Copyright (2014) American Chemical Society. 

  

4. Conclusions 

 

This review summarizes the role of organometallic polymers as active components in electrochemical 

sensors. As illustrated, the presence of metal centers in the polymeric materials can introduce a variety 

of useful properties and render them a versatile and promising class of functional, soft materials. The 

resulting analytical performance of the chemo/biosensors relies intimately on the properties of the 

materials utilized to build the devices. Strategies of immobilization of organometallic polymers on 

electrode surfaces and opportunities for the resulting decorated electrodes in sensing are discussed. As 

is presented here, rational design of composition or structure of the organometallic components and 

improvements in fabrication techniques continuously advance the development of electrode surfaces 

towards greater sensing selectivity and lower limits of detection. Importantly, breakthroughs in the 

design and synthesis of organometallic polymers would open new avenues to further enhance 

performance and broaden the applicability and scope of electrochemical sensors. 

The advente of nanotechnology techniques over the last decade has been promoting progress in the 

area of sensing applications, as well. In the future, efforts have to be made to integrate the advantages 

of nanotechnology and MEMS/microfluidic technology with the specific characteristics of 
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organometallic polymers for the development of fully automatic, label-free, highly sensitive, real-time 

chemo/biosensing. The MEMS/microfluidics devices, in particular, hold great promise for the 

fabrication of miniaturized, portable chemo/biosensors and biochips which, for example, may enable 

routine health checks at home, real-time environmental detection, etc. Such miniaturized and 

simplified devices also have great economic potential in the diagnostic market. Alternatively, 

employing the organometallic polymer to construct an array-based device that act as a chemical nose 

or be a constituent of other artificial organs, would also be attracting.  

Taking the current knowledge to real-life applications is an important goal for the future. 

Organometallic polymers offer many exciting future opportunities and challenges in the 

electrochemical sensing and we hope that this review will assist to inspire future achievements and 

breakthroughs. 
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