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Immunosensor –
a device that detects the reaction of 

an antibody with an antigen and 

produces an electrical signal

Parts of biosensor:

Bioreceptor Transducer Signal processor
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Plasma polymerization VS conventionally used wet-chemical 

treatments for creation of matrix layers for immobilization

Plasma polymerization

Formation of reactive species 

at the substrate surface

controlled process: no damage of 

substrate

Surface activation:

Ar plasma

Plasma polymerization

One-step dry procedure

plasma 

polymer

Conventional wet-chemical treatments

Surface activation:

(requires usage of aggressive chemicals or high T)

- Piranha solution: conc.H2SO4+conc.H2O2

- Conc.HNO3+conc.H2O2

- High T+O2

SAMs organic polymerCMD

Formation of OH groups at the surface

not controlled process: 

partial damage of a substrate surface

Several hours

Preparation of SAMs, CMD or organic 

polymers:

-Multistep procedures

-Sophisticated Kt systems

-Long-time preparation

-Cleaning step

Matrix layers for 

immobilization of 

biomolecules
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What is Quartz Crystal Microbalance (QCM) biosensor?

Basics of QCM piezoelectricity:

Amff /1026.2 26  

Sauerbrey equation

Δf - the frequency decrease; f - the resonant frequency; 

Δm - the mass added;  A - the area of the electrode

surface.

Running buffer: PBS (phosphate buffered saline)

Flow rate: 40 μL/min

Flow-through cell:

In our 

experiment:

10 MHz, 

from Krystaly
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What is Surface Plasmon Resonance (SPR) biosensor?

SPR slide

BioNavis

SPR Navi™ 210A 
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Plasma-induced polymerization via APPJ treatment

Atmospheric Pressure Plasma Jet (APPJ)

Conditions:

RF frequency: 27.12 MHz

continious mode

P = 5 W, 

Q(Ar) = 1 slm,

Time = 10-30 sec,

Dist. = 5 mm

Monomers: 

- tetrahydrofurfuryl methacrylate (THFMA)

- 1,2,4-trivinylcyclohexane (TVC)

- 1:2 v.r. mixture of THFMA and TVC

THFMA TVC

Plasma polymerization procedure includes 3 

steps: 

1) Surface activation by Ar plasma treatment

2) Monomer nebulization

3) Plasma polymerization

Circular movement of the jet (d = 5 mm) is used 

to increase the uniformity of the pp films. Films 

thickness is controlled nebulization and plasma 

treatment times. 
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Chemical composition and stability of carboxyl-rich 

plasma polymers

XPS depth profilingFT-IR

Ellipsometric measurements
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Plasma-induced polymerization via APPJ treatment



9

Chemical composition and stability of carboxyl-rich 

plasma polymers

AFM measurements of the pp films before and after 24 h of storage in water
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THFMA-co-TVC plasma polymer in QCM immunosensing

QCM sensorgram

Procedure step Δf (Hz) Δm (µg)

Plasma polymerization -3058 ± 17 +10.58 ± 0.06

24 h in water stabilization +486 ± 12 -1.68 ± 0.04

EDC/NHS activation -35 ± 6 +0.12 ± 0.02

Antibody immobilization -224 ± 25 +0.77 ± 0.09

Blocking step -105 ± 10 +0.36 ± 0.03
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Carboxyl-rich plasma polymers in SPR immunosensing

Antibody immobilization procedure

Sensorgrams
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Conclusions

 Plasma-induced polymerization using APPJ is an efficient 

alternative to conventional methods for creation of thin layers 

suitable for bioreceptor immobilization. 

 A detailed study of the obtained pp films showed that the plasma-induced 

polymerization under the described conditions followed a conventional-

like free radical pathway, with incorporation of oxygen into the film 

structure mostly in the form of ethers. 

 The stability of pp films in aqueous environment was studied as it is 

critical for bioanalytical applications. A general trend of no substantial 

thickness losses after 24 h of storage in liquid was observed. The AFM 

analysis revealed different characteristic morphological changes for each 

type of the pp film. 

 The developed QCM and SPR immunosensors based on pp films showed 

an excellent level of stability and regenerability allowing from 7 to 9 

measurements with a single sensor. Achieved LODs of 50 ng/mL were 

comparable to the conventionally used SAMs and CMD layers. All of the 

developed immunosensors provided selective and linear response to the 

analyte in the range of the used concentrations. 

Calibration curves
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Thank you very much 

for your attention


