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sensor to the enzyme molecules that are immobilized in the enzyme layer. WO 2007/147475 discloses 

a diffusion barrier made from a polymer having a zwitterionic structure. 

 

WO 2012/019083 discloses a diffusion limiting membrane comprising a polyurethane, a siloxane and 

a hydrogel. The membrane is prepared by first mixing the polymers, then depositing the polymers onto 5 

the sensor and subsequently evaporating the solvent.  

 

The sensors disclosed in the prior art have only limited long-term stability, especially in in vivo 

applications. 

 10 

Problem to be solved 

 

It is therefore an objective of the present invention to provide improved means and methods for forming 

membranes on an analyte sensor avoiding at least in part the drawbacks of the prior art, in particular 

with regard to long-term stability and membrane performance. 15 

 

Summary  

 

This problem is solved by the process for forming a membrane on an analyte sensor as well as the 

analyte sensor obtainable by this process and by the process for forming a sensing layer on an electrode 20 

of an analyte sensor and by an analyte sensor comprising the sensing layer obtainable by the inventive 

process and the membrane obtainable by the inventive process. Preferred examples of the disclosure 

which may be realized in an isolated way or in an arbitrary combination are disclosed in the dependent 

claims and throughout the application. 

 25 

In one aspect, the present disclosure provides a process for forming a membrane on an analyte sensor, 

the process comprising the steps: 

a) providing the analyte sensor, wherein the analyte sensor comprises at least one substrate and 

comprises at least one first electrode, 

b) providing a polymer solution which comprises components 30 

(A) at least one first polymer which comprises at least one first cross-linkable group, wherein 

the at least one first polymer is a hydrophobic polymer, 
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(B) at least one second polymer which comprises at least one second cross-linkable group, 

wherein the at least one second polymer is a hydrophilic polymer, and 

(C) at least one first solvent, 

c) contacting the analyte sensor provided in step a) with the polymer solution provided in step b) to 

obtain an analyte sensor which is coated with the polymer solution, 5 

d) drying the analyte sensor obtained in step c) to obtain a dried analyte sensor which is coated with 

a polymer blend which comprises the at least one first polymer and the at least one second 

polymer, 

e) curing the polymer blend which coats the dried analyte sensor obtained in step d) whereby the at 

least one first polymer and the at least one second polymer are crosslinked to form the membrane 10 

on the analyte sensor,  

wherein the at least one first cross-linkable group and the at least one second cross-linkable group are 

independently of one another selected from the group consisting of benzophenone groups, azide groups, 

anthraquinone groups, and psoralen, and wherein the at least one second polymer is different from the 

at least one first polymer. 15 

 

In another aspect, the present disclosure provides a process for forming a sensing layer on a first 

electrode of an analyte sensor, the method comprising the steps: 

i) providing an analyte sensor comprising at least one first electrode wherein the at least one first 

electrode comprises a first electrode material, 20 

ii) reacting the at least one first electrode of the analyte sensor provided in step i) with a 

functionalizing compound which comprises at least one first group which is reactive towards the 

first electrode material and at least one second group which is cross-linkable, to obtain at least 

one functionalized first electrode, 

iii) providing a polymer mixture comprising components 25 

(D) at least one mediator polymer which comprises at least one cross-linkable group, 

(E) at least one second solvent,  

iv) contacting the at least one functionalized first electrode obtained in step ii) with the polymer 

mixture provided in step iii) to obtain at least one coated functionalized first electrode, 

v) drying the at least one coated functionalized first electrode obtained in step iv) to obtain at least 30 

one dried coated first electrode which is coated with the at least one mediator polymer, 
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vi) curing the at least one dried coated first electrode whereby the at least one second group of the 

functionalizing compound and the at least one cross-linkable group of the at least one mediator 

polymer are crosslinked to form the sensing layer on the first electrode of the analyte sensor, 

wherein in a first step the sensing layer is formed on the electrode of the analyte sensor and in a second 

step a membrane is formed according to the process of any one of claims 1 to 5 on the analyte sensor 5 

comprising the sensing layer on the electrode. 

 

As used in the following, the terms “have”, “comprise”, or “include” or any arbitrary grammatical 

variations thereof are used in an exclusive way. Thus, these terms may both refer to a situation in which, 

besides the feature introduced by these terms, no further features are present in the entity described in 10 

this context and to a situation in which one or more further features are present. As an example, the 

expressions “A has B”, “A comprises B” and “A includes B” may both refer to a situation in which, 

besides B, no other element is present in A (i. e. a situation in which A solely and exclusively consists 

of B) and to a situation in which, besides B, one or more further elements are present in entity A, such 

as element C, elements C and D or even further elements. 15 

 

Further, it should be noted that the terms “at least one”, “one or more” or similar expressions indicating 

that a feature or element may be present once or more than once typically will be used only once when 
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introducing the respective feature or element. In the following, in most cases, when referring to the 

respective feature or element, the expressions “at least one” or “one or more” will not be repeated, 

notwithstanding the fact that the respective feature or element may be present once or more than once. 

 

Further, as used in the following, the terms “preferably”, “more preferably”, “particularly”, “more 5 

particularly”, “specifically”, “more specifically” or similar terms are used in conjunction with optional 

features, without restricting alternative possibilities. Thus, features introduced by these terms are 

optional features and are not intended to restrict the scope of the claims in any way. The invention may, 

as the skilled person will recognize, be performed by using alternative features. Similarly, features 

introduced by “in an embodiment of the invention” or similar expressions are intended to be optional 10 

features, without any restrictions regarding alternative embodiments of the invention, without any 

restrictions regarding the scope of the invention and without any restrictions regarding the possibility 

of combining the features introduced in such way with the optional or nonfunctional features of the 

invention. 

 15 

In the present disclosure, there is provided a process for forming a membrane on an analyte sensor is 

disclosed, the process comprising the steps 

a) providing the analyte sensor, 

b) providing a polymer solution which comprises components 

(A) at least one first polymer which comprises at least one first cross-linkable group, 20 

(B) at least one second polymer which comprises at least one second cross-linkable group 

and 

(C) at least one first solvent, 

c) contacting the analyte sensor provided in step a) with the polymer solution, provided in step b) 

to obtain an analyte sensor which is coated with the polymer solution, 25 

d) drying the analyte sensor obtained in step c) to obtain the dried analyte sensor which is coated 

with a polymer blend which comprises the at least one first polymer and the at least one second 

polymer, 

e) curing the polymer blend which coats the dried analyte sensor obtained in step d) whereby the 

at least one first polymer and the at least one second polymer are cross-linked to form the 30 

membrane on the analyte sensor. 

 

Herein, the indicated steps may, preferably, be performed in the given order, thereby commencing with 

process step a) and finishing with process step e), wherein, however any or all of the indicated steps, in 

particular process steps a) and b), may be performed at least partially concurrently and/or step b) may 35 
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(= 2,2-bis(mercaptomethyl)propane-1,3-dithiol), 2,2’-(ethylenedioxy)diethanethiol, tetra(ethylene 

glycol)dithiol, hexa(ethylene glycol) dithiol, 1,4-benzenedimethanethiol, 2,2-

bis(sulfanylmethyl)propane-1,3-dithiol, benzene-1,2,4,5-tetrathiol and SH-functionalized nanoparticles.  

 

In an embodiment of the present invention, the polymer solution provided in step ii) does not comprise 5 

at least one cross-linker. In an embodiment, the polymer solution provided in step ii) consists of 

components (A), (B) and (C) and optionally component (Ba).  

 

Within the context of the present invention the term “polymer solution” means not only a solution in its 

ordinary and customary meaning but also heterogeneous mixtures, such as a colloidal solution or a 10 

suspension. “A solution” means that components (A), (B) and (C) form a homogeneous mixture (i. e. 

one phase). A solution does not allow beams of light to scatter and the solute (components (A) and (B)) 

cannot be separated from the solvent (component (C)) by filtration. “Colloidal solution” and 

“suspension” mean that components (A) and (B) are in their solid state and are suspended in component 

(C). Thus, components (A) and (B) form a dispersed phase (suspended particles) and component (C) 15 

forms a continuous phase (medium of suspension). The particles of the dispersed phase in a colloidal 

solution have a diameter between approximately 1 and 1000 nm. The particles of the dispersed phase 

in a suspension have a diameter of greater than 1000 nm. Preferably the term “polymer solution” relates 

to a solution in which components (A), (B) and (C) form a homogeneous mixture. 

 20 

Component (A) is at least one first polymer which comprises at least one first cross-linkable group. For 

example, the at least one first polymer comprises in the range from 0.5 to 20 mol-% of the at least one 

first cross-linkable group, preferably in the range from 2 to 8 mol-% of the at least one first cross-

linkable group based on the sum of the mol-% of the at least one first polymer and the at least one first 

cross-linkable group, preferably based on the total amount of component (A).  25 

 

The at least one first cross-linkable group is directly linked to the at least one first polymer. The at least 

one first cross-linkable group is in an embodiment a group which forms radicals when it is heated and/or 

exposed to light.  

 30 

For example, the at least one first cross-linkable group is selected from the group consisting of 

benzophenone groups, azide groups, anthraquinone groups, and psoralen.  

 

Suitable azide groups are, for example selected from the group consisting of sulfonyl azide groups, 

phenyl azide, ortho-hydroxyphenyl azide, meta-hydroxyphenyl azide, tetraflurophenyl azide, ortho-35 

nitrophenyl azide, meta-nitrophenyl azide, diazirine, and azido-methylcoumarine.  
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The at least one first polymer is a homopolymer or a copolymer. Suitable copolymers are block 

copolymers or statistical copolymers. A block copolymer comprises at least two different blocks, 

wherein each block is prepared from at least one type of monomers, whereas a statistical copolymer 

comprises a sequence of units prepared from different monomers following a statistical rule. If the 5 

copolymer is prepared from monomer X and monomer Y, then a block copolymer comprises a block 

prepared only from monomer X and a block prepared only from monomer Y. In a statistical copolymer, 

for example three units prepared from monomer X are followed by five units prepared from monomer 

Y which are followed by two units prepared from monomer X which are followed by one unit prepared 

from monomer Y and so on.  10 

 

For example, the at least one first polymer is a hydrophobic polymer.  

 

For example the at least one first polymer is selected from the group consisting of ethyl acrylate (EA), 

n-propyl acrylate, i-propyl acrylate, n-butyl acrylate (n-BuA), sec-butyl acrylate (sec-BuA), i-butyl 15 

acrylate (i-BuA), 3-pentyl acrylate, n-pentyl acrylate, n-hexyl acrylate, n-hexyl methacrylate, 2-

ethylhexyl acrylate, 2-ethylhexyl methacrylate, n-heptyl acrylate, n-heptyl methacrylate, n-octyl 

acrylate, n-octyl methacrylate, n-nonyl acrylate, n-nonyl methacrylate, n-decyl methacrylate, iso-decyl 

methacrylate, n-dodecyl methacrylate, n-dodecyl acrylate, polyurethanes, styrene and combinations 

thereof. 20 

 

Component (B) is at least one second polymer which comprises at least one second cross-linkable group. 

For example, the at least one second polymer comprises in the range from 0.5 to 20 mol-%, preferably 

in the range from 2 to 8 mol-% of the at least one second cross-linkable group based on the sum of the 

mol-% of the at least one second polymer and the at least one second cross-linkable group, preferably 25 

based on the total amount of component (B).  

 

For the at least one second cross-linkable group the embodiments and preferences described above for 

the at least one first cross-linkable group hold true.  

 30 

Thus, the at least one second cross-linkable group is in an embodiment a group which forms radicals 

when it is heated and/or exposed to light. The at least one second cross-linkable group is directly linked 

to the at least one second polymer.  

 

The at least one second cross-linkable group is for example selected from the group consisting of 35 

benzophenone groups, azide groups, anthraquinone groups, and psoralen. 
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For the azide groups the above-described embodiments hold true. 

 

Therefore, in an embodiment of the inventive process the at least one first cross-linkable group and the 

at least one second cross-linkable group are independently of one another selected from the group 5 

consisting of benzophenone groups, azide groups, anthraquinone groups, and psoralen.  

 

The at least one second polymer is different from the at least one first polymer. Within the context of 

the present invention “different” means that the at least one first polymer and the at least one second 

polymer differ for example in their properties and/or in the type of the at least one first polymer and the 10 

at least one second polymer. 

 

The at least one second polymer is a homopolymer or a copolymer. Suitable copolymers are block 

copolymers or statistical copolymers. For the block copolymer and the statistical copolymer, the 

embodiments and preferences described above for the at least one first polymer hold true. 15 

 

In an embodiment, the at least one second polymer is a hydrophilic polymer.  

 

For example, the at least one second polymer is selected from the group consisting of 

polyvinylpyrrolidone (PVP), side-chain functionalized polyvinylpyrrolidone, 2-hydroxyethyl acrylate, 20 

2-hydroxyethyl methacrylate (HEMA), 2-methoxyethyl acrylate, 2-methoxyethyl methacrylate, 2-

ethoxyethyl acrylate, 2-ethoxyethyl methacrylate, 2-hydroxypropyl acrylate, 3-hydroxypropyl acrylate, 

2-hydroxypropyl methacrylate (2-HPMA), 3-hydroxypropyl methacrylate (3-HPMA), 2-

methoxypropyl acrylate, 3-methoxypropyl acrylate, 2-methoxypropyl methacrylate, 3-methoxypropyl 

methacrylate, 2-ethoxypropyl acrylate, 3-ethoxypropyl acrylate, 2-ethoxypropyl methacrylate, 3-25 

ethoxypropyl methacrylate, 1-glycerol acrylate, 2-glycerol acrylate, 1-glycerol methacrylate, 2-glycerol 

methacrylate, acrylamide, methacrylamide, N-alkyl acrylamide, N,N-dialkyl acrylamide, N-alkyl 

methacrylamide and N,N-dialkyl methacrylamide, wherein alkyl comprises methyl, ethyl or propyl, 

acrylic acid, methacrylic acid and combinations thereof.  

 30 

In an embodiment the at least one second polymer fulfils at least one of the following requirements: 

- the at least one second polymer further fine tunes the hydrophobicity of the membrane, 

- the at least one second polymer reduces the diffusion of unwanted substances through the 

membrane, 

- the at least one second polymer improves bioactivities of the membrane, such as antifouling 35 

and/or biocompatibility. 
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The inventive process is particularly advantageous as it allows an easy manufacturing of a membrane 

on an analyte sensor. Preferably, the analyte sensor is coated with the membrane. Additionally, the 

properties of the membrane can be easily tailored based on the at least one first polymer and the at least 

one second polymer. The obtained membrane is well defined and has a long-term stable structure. In 

particular, if the membrane is also covalently immobilized on the sensor surface the durability of the 5 

analyte sensor for in vivo applications is particularly improved. Also, the properties of the obtained 

membrane are easier to predict. 

 

In the present disclosure, there is provided a process for forming a sensing layer on a first electrode of 

an analyte sensor is disclosed, the method comprises the steps: 10 

i) providing an analyte sensor comprising at least one first electrode, wherein the first electrode 

comprises a first electrode material, 

ii) reacting the at least one first electrode of the analyte sensor provided in step i) with a 

functionalizing compound which comprises at least one first group which is reactive towards the 

first electrode material and at least one second group which is cross-linkable, to obtain at least 15 

one functionalized first electrode, 

iii) providing a polymer mixture comprising 

(D) at least one mediator polymer which comprises at least one cross-linkable group, 

(E) is at least one second solvent, 

iv) contacting the at least one functionalized first electrode obtained in step ii) with the polymer 20 

mixture provided in step iii) to obtain at least one coated functionalized first electrode, 

v) drying the at least one coated functionalized first electrode obtained in step iv) to obtain at least 

one dried coated first electrode which is coated with the at least one mediator polymer, 

vi) curing the at least one dried coated first electrode, whereby the at least one second group of the 

functionalizing compound and the at least one cross-linkable group of the at least one mediator 25 

polymer are cross-linked to form the sensing layer on the electrode of the analyte sensor. 

 

Herein, the indicated steps i) to vi) may, preferably, be performed in the given order, thereby 

commencing with process step i) and finishing with process step vi), wherein, however any or all of the 

indicated steps, in particular process steps i) and iii), may be performed at least partially concurrently 30 

and/or step iii) may be performed before step i). Further, additional process steps, whether described 

herein or not, may be performed, too. 

 

In step i) an analyte sensor is provided. For the analyte sensor the embodiments and preferences 

described above for the analyte sensor provided in step a) of the inventive process for forming a 35 

membrane on an analyte sensor hold true. The analyte sensor comprises at least one first electrode. In   
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an embodiment, the at least one first electrode is at least one working electrode. The at least one first 

electrode comprises a first electrode material. The first electrode material comprises in one embodiment 

a conductive material. For example, the first electrode material is selected from the group consisting of 

metals, metal oxides and carbon.  

 5 

Preferably, the first electrode material is a metal. Suitable metals are for example selected from the 

group consisting of gold, copper, palladium, iridium, silver, and an alloy thereof. Suitable metal oxides 

are for example selected from the group consisting of iridium-tin oxides.  

 

In an embodiment of the process for forming a sensing layer on an electrode of an analyte sensor, the 10 

first electrode material comprises at least one metal. In a further embodiment of the process for forming 

a sensing layer on an electrode of an analyte sensor the first electrode material comprises gold. 

 

In a preferred embodiment, the analyte sensor is an electrochemical sensor which is arranged in the 

fashion of an electrochemical cell. Thus, it employs at least one pair of electrodes. As generally used, 15 

the term “electrode” refers to an entity of the analyte sensor which is adapted to contact the body fluid.  

 

In step ii) the at least one first electrode of the analyte sensor provided in step i) is reacted with a 

functionalizing compound to obtain at least one functionalized first electrode. The functionalizing 

compound comprises at least one first group which is reactive towards the first electrode material and 20 

at least one second group which is cross-linkable. 

 

The first group which is reactive towards the first electrode material is selected so that it can react with 

the first electrode material. In an embodiment, the at least one first group is selected from the group 

consisting of silane groups, thiol groups and disulfide groups.  25 

 

The at least one second group which is cross-linkable is in an embodiment a group which forms radicals 

when it is heated and/or exposed to light. For the at least one second group the embodiments and 

preferences described above for the at least one first cross-linkable group and the at least one second 

cross-linkable group hold true. Thus, for example, the at least one second group which is cross-linkable 30 

is selected from the group consisting of benzophenone groups, azide groups, anthraquinone groups, and 

psoralen. 

 

For the azide groups the above-described embodiments hold true. 

 35 
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Suitable protic polar solvents are selected from the group consisting of water, methanol, and ethanol.  

 

Component (D) is at least one mediator polymer which comprises at least one cross-linkable group. For 

the at least one cross-linkable group comprised in the at least one mediator polymer, the embodiments 

and preferences described above for the at least one second group which is cross-linkable and which is 5 

comprised in the functionalizing compound holds true. Therefore the at least one cross-linkable group 

is preferably selected from the group consisting of benzophenone groups, azide groups, anthraquinone 

groups, and psoralen. 

 

For the azide groups the above-described embodiments hold true. 10 

 

“At least one mediator polymer” within the context of the present invention means a polymer which 

comprises a mediator compound. In an embodiment, the mediator compound is a redox mediator.  

 

Within the context of the present invention, a “redox mediator” is understood to transfer electrons from 15 

the enzyme active center to the surface of the at least one first electrode. 

 

In an embodiment, the at least one mediator polymer comprises a mediator compound selected from 

the group consisting of a ruthenium-containing complex and an osmium-containing complex. Thus, in 

one embodiment, the present invention relates to a process for forming a sensing layer on an electrode 20 

of an analyte sensor in which component (D), the at least one mediator polymer, comprises a redox 

mediator selected from the group consisting of a ruthenium-containing complex and an osmium-

containing complex. 

 

Preferably, the at least one mediator polymer is a statistical copolymer of at least two different types of 25 

polymers.  

 

The polymer mixture provided in step iii) can additionally comprise a component (Da), at least one 

second further polymer comprising at least one second further cross-linkable group. For the at least one 

second further cross-linkable group the embodiments and preferences described above for the at least 30 

one cross-linkable group comprised in the at least one mediator polymer hold true.  

 

The at least one second further polymer is different from the at least one mediator polymer.  

 

Preferably, the polymer mixture does not additionally comprise a component (Da), at least one second 35 

further polymer. 
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Claims 

1. A process for forming a membrane on an analyte sensor, the process comprising the steps: 

a) providing the analyte sensor, wherein the analyte sensor comprises at least one substrate 5 

and comprises at least one first electrode, 

b) providing a polymer solution which comprises components 

(A) at least one first polymer which comprises at least one first cross-linkable group, 

wherein the at least one first polymer is a hydrophobic polymer, 

(B) at least one second polymer which comprises at least one second cross-linkable 10 

group, wherein the at least one second polymer is a hydrophilic polymer, and 

(C) at least one first solvent, 

c) contacting the analyte sensor provided in step a) with the polymer solution provided in 

step b) to obtain an analyte sensor which is coated with the polymer solution, 

d) drying the analyte sensor obtained in step c) to obtain a dried analyte sensor which is 15 

coated with a polymer blend which comprises the at least one first polymer and the at least 

one second polymer, 

e) curing the polymer blend which coats the dried analyte sensor obtained in step d) whereby 

the at least one first polymer and the at least one second polymer are crosslinked to form 

the membrane on the analyte sensor,  20 

wherein the at least one first cross-linkable group and the at least one second cross-linkable group 

are independently of one another selected from the group consisting of benzophenone groups, 

azide groups, anthraquinone groups, and psoralen, and wherein the at least one second polymer 

is different from the at least one first polymer. 

 25 

2. The process according to claim 1, wherein the curing in step e) comprises at least one of heating 

the polymer blend and exposing the polymer blend to light. 

 

3. The process according to claim 1 or 2, wherein component (C), the at least one first solvent, is 

selected from the group consisting of water, methanol, ethanol, tetrahydrofurane, and dimethyl 30 

carbonate.  

 

4. The process according to any one of claims 1 to 3, wherein the at least one first polymer is a 

homopolymer.  

 35 

5. The process according to any one of claims 1 to 4, wherein the at least one second polymer is a 

homopolymer.  
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6. A process for forming a sensing layer on a first electrode of an analyte sensor, the method 

comprising the steps: 

i) providing an analyte sensor comprising at least one first electrode wherein the at least one 

first electrode comprises a first electrode material, 5 

ii) reacting the at least one first electrode of the analyte sensor provided in step i) with a 

functionalizing compound which comprises at least one first group which is reactive 

towards the first electrode material and at least one second group which is cross-linkable, 

to obtain at least one functionalized first electrode, 

iii) providing a polymer mixture comprising components 10 

(D) at least one mediator polymer which comprises at least one cross-linkable group, 

(E) at least one second solvent,  

iv) contacting the at least one functionalized first electrode obtained in step ii) with the 

polymer mixture provided in step iii) to obtain at least one coated functionalized first 

electrode, 15 

v) drying the at least one coated functionalized first electrode obtained in step iv) to obtain at 

least one dried coated first electrode which is coated with the at least one mediator polymer, 

vi) curing the at least one dried coated first electrode whereby the at least one second group 

of the functionalizing compound and the at least one cross-linkable group of the at least 

one mediator polymer are crosslinked to form the sensing layer on the first electrode of the 20 

analyte sensor, 

wherein in a first step the sensing layer is formed on the electrode of the analyte sensor and in a 

second step a membrane is formed according to the process of any one of claims 1 to 5 on the 

analyte sensor comprising the sensing layer on the electrode. 

 25 

7. The process according to claim 6, wherein the first electrode material comprises at least one metal. 

 

8. The process according to claim 6 or 7, wherein the polymer mixture provided in step iii) 

additionally comprises at least one enzyme. 

 30 

9. The process according to any one of claims 6 to 8, wherein component (D), the at least one 

mediator polymer, comprises a redox mediator selected from the group consisting of a ruthenium-

containing complex and an osmium-containing complex. 

 

10. The process according to any one of claims 6 to 9, wherein component (E), the at least one second 35 

solvent, is selected from the group consisting of water, methanol. and ethanol. 

 

 


