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Abstract 
To date, biosensing technology is one of the hottest research topics. A biosensor is 
defined as a device incorporating a biologica! molecular recognition component to a 
transducer that can output an electronic signal proportional to the concentration of the 
analyte being sensed. The high selectivity in biosensors provided by the biologica! 
recognition systems is used to detect biologica! molecules. The transducer converts 
the recognition event into a measurable signal. In this work, a conjugated polymer is 
used as transducer. Conjugated polymers are promising matenals for the 
immobilization of antihorlies in biosensors. Since both have an organic nature, 
biomolecules can attach to the surface of the polymer films. Moreover, the semi
conducting properties make electronic readout possible. 

The bio-activated sample in this contribution consistsof a Au electrode film (50 nm) 
evaporated onto a glass substrate. Subsequently, a 100 nm thin MDMO-PPV 
(polyphenylene-vinylene with oclclO sidechain) polymer film is spin coated on top. 
hnmunoglobulines sensitive to the fluorescent dyes FITC and Cy5 are physically 
adsorbed onto the polymer film and form a monolayer of antibodies, which was 
visualized by atomie force microscopy, while their concentrations were verified by 
contact angle measurements. By using in:frared spectroscopy the antihorlies and 
antigens could also he detected despite the large background of PPV in the infrared 
spectrum. 

The molecular recognition of FITC-labeled DNA and Cy5-labelled DNA fragments 
was verified optically using confocal fluorescence microscopy. The differences found 
between the fluorescence spectra before and after capturing of the target molecules, 
were due to the electron transfer processes between FITC and the PPV -film. 

The electronic measurements were based on the electrochemical impedance principle. 
With a homemade electrochemical impedance cell the impedance spectrum was 
measured in the range from 20 Hz to 1 MHz. The measurements were performed time 
resolved and in a differential way with the functionalized surface against a reference 
sample with a non-activated polymer surface or polymer surfaces loaded with passive 
antigens. First, a spectrum was measured with phosphate buffer saline (PBS) as 
electrolyte. Next, different concentrations of antigens (Cy5-DNA, FITC-DNA or 
FITC) were added to the electrolyte and the samples were measured again. The 
impedance spectra were modeled using an equivalent circuit with a non-linear 
component, to take the diffusion processes and the electro-activity of the biofilm into 
account. The binding of antigens onto the surface influences the charge transfer and 
capacitance at the biofilm-electrolyte interface. This way, antigen concentrations in 
the the order of ten picomol per milliliter could he detected within two to three 
minutes. 

These measurements show that the polymer MDMO-PPV does not influence the 
activity of the antiboclies due to immobilization. The polymer layer show also a good 
sensitivity while converting the recognition event in a distinctive impedance 
difference ofthe layer. 
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1 Introduetion 
Biosensors consist of bio-recognition systems, typically enzym es or binding proteins, 
such as antibodies, immobilised onto the surface of physico-chemical transducers, see 
Figure 1-1. The high selectivity in biosensors is provided by the biological 
recognition systems. The transducer converts the recognition event into a measurable 
signal. Here, conjugated polymers are used as transducer. 

Anllye. ----~ 
Direct t_/\_ I 

Recognition Transduetion Signal Processing 

Figure 1-1: Generallayout of a biosensor 

Conjugated polymer films are promising materials and are widely used as a base 
material in applications like lasers [1], e-nose sensors [2], light-emitting diodes [3], 
field-effect transistors [4] and photovoltaic devices [5]. In recent years, the number of 
applications has grown tremendously [6]. These polymers are promising materials for 
the immobilization of antihorlies in biosensors. Since both have an organic nature, 
biomolecules can attach to the surface of the polymer films. Moreover the semi
conducting properties make electronic readout possible [7-9]. Biosensors which use 
antihorlies as their bio recognition system are often called immunosensors [ 1 0; 11]. 
Polypyrrole [12;13] or polyaniline [2;14] are polymers that are frequently mentioned 
in the literature as good possible transducer material for biosensing purposes. In this 
work, the polymer OCtC10-PPV will be used as transducer layer of a biosensor [15]. 
No references on using PPV in biosensors were found in literature, but due to its 
possibility to vary the side chains and easy handling it looks a promising materiaL 
The antibody-antigen binding causes changes in impedance of the bioactive layer [ 16-
18]. 

First, the morphology of the biologically activated polymer film at nanometer scale 
will he investigated using contact angle measurement, atomie force microscopy, 
infrared spectroscopy and fluorescence microscopy. Next, a differential set up was 
implemented to act as biosensor using impedance spectroscopy. From these 
measurements relevant parameters such as interface capacitance and resistance, will 
he investigated which affect the performance of the film by binding antigens. 
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2 Bio-functionalization of the PPV-films 

2.1 Materials 
As indicated in the introduetion in this work, OC1Cw-PPV (polyphenylene-vinylene), 
see Figure 2-1, synthesized via the gil eh or sulphinyl route, will be used as transducer 
layer [ 19]. It is a p-type semiconductor with a band gap of 2.1 eV. 

MDM~ 

n:hJ_ 
-o n 

Figure 2-1: MDMO-PPV chemica) structure 

Our immunosensor is sensitive for the fluorescent molecules FITC or Cy5. These are 
small molecules(< 1 kDa), which are linked to the 5' side of a DNA wire ofabout 80 
nm (250 base pairs, 154 kDa) to make the antigens comparable in weight with real 
serum proteins, see Figure 2-2. 

FITC 

Cy5 
fromPKUgen 

Figure 2-2: Antigens FITC and CySiinked to DNA 

The antibodies used to detect the antigens are monoclonal mouse immunoglobulins 
lgG. These antibodies are 10 nm in diameter and weigh about 150 kDa. As seen in 
Figure 2-3 each antibody has two binding sites for the antigens. At the bottorn there 
are COOH-groups that could be used to bind the antibodies covalently. 

Figure 2-3: Monoclonal mouse immunoglobulin IgG 
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The antihorlies and antigens were obtained from the Biomedical Department 
(BIOMED) at the Limburg University Centre (LUC) and the OC1Cw-PPV was 
synthesized at the Organic Chemicallaboratory of the LUC. 

2.2 Preparatien method 
The synthesis of the bio-functionalised polymer surface is as follows. A Au electrode 
film (50 nm) is thermally evaporated onto a glass substrate. Subsequently, a 100 nm 
thin OC1CJO-PPV polymer film is spin coated on top from a 0.7 wt% chlorobenzene 
solution. The layout can be seen in Figure 2-4. 

Figure 2-4: First step to tbe biosensor 

The immobilizing procedures were done according to the literature [20;21]. 
Immunoglobulines sensitive for the fluorescent dyes fluorescein (FITC) and Cy5 are 
physically adsorbed onto the polymer film, see Figure 2-5. The adsorption is done by 
placing a droplet of antibody solution on the polymer surface at 38°C. After one hour, 
the droplet is rinsed off with phosphate buffered saline (PBS). This resulted in a 
monolayer of antihorlies on the surface. 

acllorbed antibodlts 

Figure 2-5: Physical adsorption of tbe antibodies 

The result is seen in Figure 2-6, a bio-functionalized polymer surface sensitive for 
FITC or Cy5, which can be used for biosensing purposes. 

adsorbed 
ondbodles 

Figure 2-6: Biologically activated polymer film 
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3 Characterization methods 
V arious surface sensitive techniques can be used to investigate the biologically 
activated sensor surfaces. Contact angle measurement, atomie force microscopy 
(AFM), Fluorescence microscopy and infrared spectroscopy are the techniques used 
in this contribution and will be explained in the following section. 

3.1 Contact angle measurements 

3.1.1 Theory 
Contact angle measurement is a technique to measure the hydrophilicity of a surface. 
A droplet of distilled water is dropped on the sample and the angle that, the drop 
makes with the surface is measured. An increasing contact angle means the surface is 
more hydrophobic while a decrease in contact angle means it is more hydrophilic, see 
Figure 3-1. The hydrophilicity is determined by roughness and polarity of the surface. 
The biomaterial on top of the polymer will make the surfaces more hydrophilic 
causing a decreasein contact angle [21;22]. 

ISSS\\Sa 
Mor• HydtophUic: 

Figure 3-1: Contact angle principle 

3.1.2 Experimental set up 
The contact angle measurements were performed at the Katholieke Hogeschool 
Limburg (KHLIM). It is an OCA 15 plus, video based optical angle measuring device 
from Dataphysics Instruments GmbH, Filderstadt, Germany. A droplet distilled water 
of 1 J..Ll is deposited on the surface and the contact angle is measured by fitting the 
droplet image ofthe camera, as showed in Figure 3-2. 

I ! I ! I ! I 
Figure 3-2: Contact angle measurement 

3.1.3 Results and Discussion 
The contact angle measurements in Figure 3-3 show a distinguish difference between 
the polymer, the polymer with antiboclies and polymer with antibodies-antigens. Pure 
PPV is strongly hydrophobic, characterized with a large contact angle, and, when 
washed with PBS, the contact angle drops. By adsorbing antibodies, anti-FITC, to the 
surface for one hour at 3 8°C, the contact angle decreases severely from 93.9° to 81°, 
and after washing the contact angle remains the same. When the antigens, FITC
DNA, bound to the antiboclies the angle drops even more to 74.8°, again after washing 
the angle remains the same. 
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100 I 

- 95 0 -
~ 
C) 90 
c 
~ 
ti 85 
a:s ..... 
c 80 0 
ü 

75 /:',. first maasurement f • maasurement after washing 
70 

PPV PPV+ PBS PPV-Ab PPV-Ab-Ag 

Figure 3-3: Contact angle measurements 
(anti-FITC concentration 0.1 nmollml, FITC-DNA concentration 0.1 nmol/ml) 

The first decrease from the pure PPV layer is due to the fact that the polymer adsorbs 
alittle PBS and becomes therefore less hydrophobic. Here, the angle drops to the same 
level as PPV with PBS. The antibodies are polar and they increase the roughness of 
the surface. Therefore, when the surface of the polymer is completely covered with 
antibodies, the surface becomes hydrophilic, which results in a decrease of contact 
angle. The antibodies are adsorbed firmly to the surface because a:fter washing the 
angle remained the same, which proves that the antibodies are firmly attached to the 
polymer layer. The further decreaseis due tothefact that antigens had an 80 nm long 
DNA fragment, which resulted in a rougher and more hydrophilic surface that caused 
the angle to drop even further. This may be due to the negatively charged backbone of 
the DNA fragments. 

Next, different concentration of antibodies were adsorbed to the surface and a gradual 
decrease of the contact angle was observed from 95°, characteristic to the 
hydrophobic PPV surface, to 66°, a surface with properties of a complete layer of 
antibodies. In Figure 3-4 both measurements for anti-FITC and anti-Cy5 are shown. 

100 

r 9o -Q) 

C) 80 
c 
~ 
ti 70 
.s 
c 
0 
ü 

60 

0 
À 

A anti-FITC 
o anti-Cy5 

50 -- Fitted Curves 

0.01 0.1 1 10 100 1000 

Adsorption concentratien (pmol/ml) 

Figure 3-4: Contact angle antibody concentration measurement 
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The saturation values are derived from logistic fits. The measured data are fitted using 
equation (3.1) with A1 the highest saturation value, A2 the lowest, x0 is the center of 
the linear regime and p indicates how fast the saturation level is reached. In Table 3-1 
the parameters are given ofthe fits ofboth samples. 

(3.1) 

Table 3-1: parameters ofthe logistic fit oftbe contact angle measurement 

anti-FITC anti-Cy5 

A1 95.9 96.1 

A2 65.2 50 

Xo 33.7 25.2 
p 1..4 0.9 

Now, by comparing these fits statically with a F-test, a F-value of 0.508 from which 
can be concluded that the fits are not statically different. This means that the 
immobilization of both antibodies happens in the same way. The linear region is 
between 1 and 100 pmol/ml. Future measurements will be done using 100 pmol/ml to 
avoid non-specific binding of the antigen to the polymer while all possible binding 
sites are occupied. This concentration of 100 pmol/ml will guarantee no binding of the 
antigen on the polymer thus future measurements will be performed with this 
concentration. 

In Figure 3-5 a polymer surface was compared with a surface of PPV with 0.1 
nmol/ml adsorbed anti-CY5. From the previous measurement a full monolayer of 
antibodies is expected. The polymer surface obviously binds antigens, Cy5-DNA, 
randomly while on the other sample all non-specific binding sites are covered with 
antibodies, which results in no available sites to bind the antigen directly on the 
polymer. 

100 
• PPV + Cy5-DNA 

! t> PPV + 0.1 nmol/ml anti-Cy5 + Cy5-DNA 

- 90 
0 -Q) 

80 
0) 

f 
c: 
co 
0 70 

co ..... 
c: 60 0 

• 
(.) 

50 f 
10 100 

ag concentratien (pmol/ml) 

Figure 3-5: Contact angle antigen concentration measurement 
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3.2 Intrared spectroscopy 

3.2.1 Theory 
By using infrared spectroscopy, information about the structure of a compound can be 
retrieved. The infrared regime covers a ran~e of the electromagnetic spectrum 
between 0.78 and 1000 Jlm (12800 - 10 cm·). It is an easy way to identify the 
presence of certain functional groups in a molecule. 

The altemating electrical field of the radiation interacts with fluctuations in the dipole 
moment of the molecule. If the frequency of the radiation matches the vibrational or 
rotational eigenfrequencies of the molecule then radiation will be absorbed, causing a 
change in the amplitude of molecular vibration. (Figure 3-6) 

2.5 
- wavelength(mlc>ons)---

5 ' 7 8 

0-H . N-H } 

C-H • :;:::;:H -

- frequency (9)--

10 11 12 13 14 15 16 " 

.:::. ( C-C, C-0 , C-N ) 

Don 
c: c: 
- 0 

!~ 
.. > 

Figure 3-6: Vibrational bands of charaderistic groups (23] 

Using this technique, various characteristic peaks of certain biomaterials can be used 
to detect the antiboclies or antigens on the surface [21;21;24;25]. The typical 
absorbance peaks of biomaterial are indicate in Figure 3-7 [26]. The Amide I and TI 
indicated the presence of proteins (antibodies) while the P02 vibration in nucleic acids 
indicates the presence of DNA. 

~ u = = 'f 
Q 
r.l'l 

,J:J 

< 

0.8 
Amide l ____. 

0.6 

Water 
OA ~ Lipids 

~ 
0.2 

0.0 

Am ide 11 

I 
J>rotcin Amide 1: 1690-1600 

Protcin Amide 11: 1575-141'50 
Lipid =CH2: 3100-3000 

Lipid -C i-1 2• -CI-13: 3000-2S50 

Nuclcic Acid -P02-:1225. 1084 

4000 3500 3000 2500 2000 1500 1000 

Wavenumber (cm-1) 

Figure 3-7: Charaderistic absorbance peaks of biomaterials 
(Amide I: 1690-1600; Amide 11: 1575-1480; Nucleic Acid P02: 1225/1084) 
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3.2.2 Experimental set up 

Figure 3-8: IFS 66 Bruker Opties 

Infrared spectroscopy was performed at the Chemistry Department of the Limburg 
University Centre. The equipment used was an FTIR IFS 66, see Figure 3-8, from 
Bruker Opties, Germany. Transmission measurements as well as grazing angle 
reflection measurements were performed. All samples were measured at room 
atmosphere. 

3.2.3 Results and Discussion 
First, transmission measurements were doneon NaCl crystals because this material is 
transparent for infrared. In Figure 3-9 a droplet of anti-FITC is measured in 
transmission mode. The amide bands are found at the expected wavenumbers 1637 
and 1527 cm·1

. Other peaks are from water, at 2500-3750 cm·1 ,or carbon dioxide, at 
3280 cm·1

, because the atmosphere ofthe sample compartment changed a little during 
the measurement. 

0.2 

0.1 ...-
:::1 

ca 0.0 -Q) 
-0.1 0 - - anti-FITC spectrum 1:: 

ca 0 
...... 

"' ~ -0.2 
Cl) 

~ "' .., 
E en -0.3 ...... 
1:: .., 
ca ~ 
~ ..... -0.4 

-0.5 +-~---,-.....--,---.--,---.---r-~.--.--~---r-........-'-i 
4000 3500 3000 2500 2000 1500 1000 500 

Wavenumber (cm-1
) 

Figure 3-9: anti-FITC transmission spectrum 
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When measuring the polymer film it could be seen that the characteristic peak of the 
polymer overlap with the peaks ofthe antibodies and antigens, showed in Figure 3-10. 
Some peaks of the PPV could also be found in the solvent. 

-::J 

m -c 
0 
ëii 
.!a 
E 
Cl) 
c 
~ ..... 

1.2 

1.1 
identffied peaks: 

1.0 cm·' 
3600-3900 

0.9 3056 

0.8 
ê 

~~ 0.7 "' !li ~~ 

0.6 

2850-2950 
2366 

1520-1850 
1504 
1463 

0.5 
-ppv 

~ --o-- chlorobenzene 

1413 
1352 
1253 

0.4- 1205 

0.3 ~ 
~ 

1039 
968 
856 

0.2 700-400 

0.1 +--.---,--.---,--.---,---,.--.,..---.----,---.---l 
3500 3000 2500 2000 1500 1000 500 

Wavenumber ( cm-1) 

Figure 3-10: PPV and solvent transmission measurement 
with a description of the identified peaks 

descriptlon 

H,Ofrom air 
vinyl CH 

eH, 

C02 fromair 

H20from air 
phenyl stretching 

asymmetrie CH, bending 
phenyl stretching 
symmetrie CH3 bending 
vinyl CH 
alkyl-0 
alkyl-0 
vinyl CH 
vinyl CH 
Na Cl 

To investigate the functionalised biofilm grazing angle reflection measurements were 
done at an angle of 80 degrees, see Figure 3-11. Trying to detect a monolayer of 
antibodies or antigens showed to be difficult. No amide bands or lipid peaks were 
observed with the antibody sample. Also the DNA characteristic peaks could not be 
detected. The biomaterials were less than 5% of the volume of the detected materials. 
The sample was a 100 nm PPV film while only a monolayer of antibodies was present 
on top of it. 

0.95.------------------------, 

4000 3500 3000 2500 2000 1500 1000 500 

Wavenumber (cm-1
} 

Figure 3-11: Reileetion measurements on biofilm 
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Also transmission measurements were done using a Si substrate without a Au layer. 
The background caused by the polymer made the detection of the biofilm impossible. 
The concentration of the biomaterials was to low in comparison with the polymer. In 
Figure 3-12 no relevant differences are notices. 

1.35 

1.30 '------
- _,...... _____ """"" _ _,.,. ____ .._.,.__ 

~ 1.25 
CU 
~ 1.20 

·~ 1.151 

.E u o i,-...-...._..~..."....+fhl 
~ 1.05 

e ~ 1.00 

0:: 0.95 

0.90 !---.---.---..-,---....---.--.-,---.....--.--.-,---.....---.----1 
2000 1800 1600 1400 1200 1 000 800 600 

Wavenumber (cm-1
) 

-+-ppvon Si 
--<.:- ppv+ab on Si 
_",_ ppv+ab+dna on Si 
---or- Si raferenee 

Figure 3-12: Transmission measurement on Si-samples 

For comparison, a crystallized sample, higher concentration, was measured of anti
Cy5 and Cy5-BSA the detection worked as seen in Figure 3-13. The amide bands 
could clearly be seen with the antibody sample and also the DNA characteristic peak 
at about 1085 cm-1 was present. The in-house infrared equipment was thus not 
sensitive enough to detect small amounts of antigens or antibodies in the polymer 
background. 

-
c 
0 ·u; 
.~ 
E en 
c e 
~ 

1.1 

1.0-
N "' "' "' ~ ~ 

0.9 

- o- FITC-DNA on Si 
0.8 ....., "__ anti-FITC on Si 

~si 

0.7 0 N ;:I; "' ~ ~ 

0.6 r-----------r-
0.5 +---r---"T-..----r--.----.-..----r---.----.-...----.----.----;----l 

2000 1800 1600 1400 1200 1 000 800 600 

Wavenumber (cm-1
) 

Figure 3-13: Transmission measurement of crystallized antigens and antibodies 
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To overcome the insufficient sensitivity, the samples were also analyzed at a 
demonstration laboratory of the Thermo Electron Corperation in Paris by Dr. Bruno 
Beccard. First, a transmission measurement was performed on dropcasted solutions of 
antibodies and anti~ens. Here the Amide peak:s of the antibodies could be observed at 
1657 and 1543 cm- . The DNA characteristic peak: could not be detected in the strong 
background ofthe PPV, see Figure 3-14. 

-~ 0 -Q) 
0 
c: 
co 
E 
E 
U) 
c: 
~ 
I-

40 

35 

30 

25 

20 
-Si - PPV + anti-FITC 

15 -o--- Si - PPV + FITC-DNA 

~~ 10 
CD 

N 

5 "' ;x 
~ ~ 

0 

-5 

-10+-~~~,_~,-~~~~~~~~~~ 

2000 1800 1600 1400 1200 1 000 800 600 400 

Wavenumbers (cm-1
) 

Figure 3-14: Transmission measurement of dropcast anti-FITC and 
FITC-DNA on Si-PPV samples 

Next, reflection measurements were performed on the monolayers of antibodies and 
antigens. In Figure 3-15 again a large contribution of the polymer is observed and also 
a little amide I peak: from the antibodies at 1652 cm-1• 

-~ 0 -Q) 
0 
c: 
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85 
! 

s ao 

80 
~ :§: 

2000 1800 1600 1400 1200 1000 800 

Wavenumbers (cm-1
) 

Figure 3-15: Reflection measurement of a monolayer of anti-FITC 
with FITC-DNA on Au-PPV samples onder 70° 
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3.3 Atomie force microscopy 

3.3.1 Theory 
Using atomie force microscopy, information about the morphology and the roughness 
can be retrieved. By approaching the surface with a very narrow tip, the interaction 
can be measured between the atoms from the tip and the sample. A laser beam is 
focused on the backside of the tip. From the deviations measured by the photodiode 
the interaction ofthe tip is measured, see Figure 3-16. 

Plezo movement 

Figure 3-16: AFM schematic diagram 

The potential energy graph is shown in Figure 3-17. In this graph we can distinguish 
two regions, one with repulsive force and one with an attractive force. These regions 
define also the different methods in which can be measured. 

Tip is in hard contact 
wlth the surface; 
repulsive regime 

/ 
Tip is far from the 
surlace; no deflection 

I 
~ Tip Is pulled toward the 

surface - attractive regime 

Probe Oistance from Sample (z dlstance) 

Figure 3-17: Interaction potentlal of atoms from the tip and tbe sample surface 

When the tip is within the repulsive regime, it is in hard contact with the surface, 
contact mode. The tip scratches over the surface, and the z-position of the tip is 
measured with the photo diode by reflection ofthe laser. 
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tip 

flexible 
cantilever 

Figure 3-18: Contact mode AFM 

When the tip is positioned in the attractive regime, the interaction is measured by a 
change in resonance frequency. As shown in Figure 3-19, the tip is positioned above 
the sample and when scanning the resonance frequency is measured. This method is 
very useful for soft surfaces and biomaterial because the tip does not touch the surface 
[21;27;28]. 

horizmtal sample motion 

Figure 3-19: Non-contact mode AFM 

3.3.2 Experimental set up 

Figure 3-20: Park Scientific Instruments Autoprobe CP 

The experiments were carried out using a Park Scientific Instruments (Veeco 
Metrology Group) Autoprobe CP, see Figure 3-20. The AFM images were obtained in 
non-contact mode using the noncontact silicon cantilevers NSC11A from MikroMash, 
Tallin, Estonia. The image processing was done using SPIP software (Scanning Probe 
Image Processor). 
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3.3.3 Results and Discussion 
Each immobilization step as described in paragraph 2.2 was verified using AFM. The 
functionalized bio-surface consisted of a glass substrate, a 50 nm evaporated Au layer 
and a 100 nm spin coated polymer film. In Figure 3-21, it can beseen that none ofthe 
layers takes over the morphology ofthe underlying layer. 

Sa=0.38nm 

Sa=2.76nm 

Sa=0.25nm 

Figure 3-21: Comparison between biosensor layers using non-contact AFM 
(Sa= average surface roughness) 

The roughness of the polymer surface increased when the polymer is washed with 
PBS, see Figure 3-22. The polymer adsorbs little PBS that causes a swelling of the 
surf ace. 

Figure 3-22: Visualization of swelling of the polymer surface using non-contact AFM (lxl J.lm) 
(Sa= average surface roughness) 
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Next, in Figure 3-23 antibodies and antigens were visualized on a mica surface, which 
is atomically flat to get a better understanding of the structure of the antigens and 
antibodies. For all measurement concentrations of 0.1 nmollml were used because a 
full monolayer of antibodies is desired to eliminate non-specific binding. Also a 
concentration of 0.1 nmollml Cy5-BSA as antigen was used to expose to the 
functionalised surface. Here, bovine serum albumine (BSA) was used because it binds 
easier to the mica surface compared to DNA. A distinguished difference between 
structure of antibodies and antigens, Cy5-BSA, is observed [28]. The antibodies have 
a diameter of about 30 nm while we expect a diameter of about 10-15 nm; this is due 
to deformation of the image caused by the tip. The same applies for the antigens that 
are normally about 30-40 nm and here a diameter of about 50-60 nm is observed. 

Mica (Sa=0.12 nm) 

•• oo 

Mica + anti-Cy5 (Sa=0.40 nm) 

Mica+ Cy5-BSA (Sa=0.96 nm) .... ,...........,.......,_.,.... __ 
.... 

Figure 3-23: visualization of antibodies and antigens on mica using non-contact AFM (lxl f.1m) 
(Sa= average surface roughness) 

Concluding the immobilizing of antibodies on the polymer surface induces an 
increase of roughness as can be seen in Figure 3-24. The same increase is seen when 
the PPV film is exposed to antigens. The same morphology can be observed with the 
PPV+FITC-DNA and PPV+anti-FITC+FITC-DNA without the underlying structures 
ofthe antibodies with the PPV-anti-FITC+FITC-DNA sample. 
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Sa= 0.25 nm 
PPV 

z •12.7• 

Sa • 0.721111 
PPV+anti-FITC 

Sa • 0.88 1111 
PPV+FITC-DNA 

Sa •1.08 nm 
PPV+antJ.FITC+FITC-DNA 

Figure 3-24: Visualization of binding and non-specific binding using non-contact AFM (lxl pm) 
(Sa= average surface roughness) 

Because of the different nature of polymers and antibodies-antigens, the tapping mode 
technique is interesting due to the difference in elasticity. Here, the oscillating 
frequency is set at the resonant frequency so the tip makes contact with the sample 
every vibration cycle. The results are shown in Figure 3-25. 

The phase image represents the difference in hardness while the topology image 
indicates the roughness. The polymer sample is nearly flat and there are no 
differences is the phase image. Only the clustering of polymer chains on the surface 
causes formation of ridges that are harder. The immobilization of antibodies induces 
an increase in roughness and small peaks in the phase images indicate a great 
difference between the structure on the polymer film in hardness. By exposing the 
immobilized antibodies to a concentration of antigens we see the formation of a new 
layer in the topologie image while in the phase image we see structures with the same 
hardness as the antibodies, but a different structure. This same structure is observed 
with the mica sample on which antigens are immobilized. 
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Figure 3-25: Tapping mode AFM images (0.25x0.25 pm) 

20 



3.4 Fluorescence microscopy 

3.4.1 Theory 
When specimens, living or non-living, absorb and subsequently reradiate light, the 
process is called photoluminescence. Phosphorescence is when the emission continues 
for a few milliseconds just after the excitation energy is discontinued and fluorescence 
describes the light emission that continues just after the absorption of the excitation 
energy and takes about last only a few nanoseconds. 

A F 

·~-...,.--T2 

....,...._.__-T, 
p 

So~~--------~----
electronic ground state 

Figure 3-26: Jablonski energy diagram 

The fluorescence activity is schematically shown in Figure 3-26. Prior to · the 
excitation, the molecule is in the electronic ground state S0, when absorbing a photon 
of the excitation energy, electrous may be raised to a higher energy and vibrationally 
excited state. This process takes only a few femtoseconds. In fluorescence, during an 
interval of about picoseconds, the excited electrous may loose vibronic energy to the 
surrounding environment in the form of heat, and return to the lowest excited singlet 
state. From this state the electrous are able to 'relax' back to the ground state with 
simultaneous emission of fluorescent light. Because of this loss of energy the 
emission of fluorescence will have a longer wavelength than the excitation. This 
phenomenon is called the Stokes shift, see Figure 3-27. Occasionally, the excited 
electrous make a forbidden transition to the excited triplet state instead of relaxing to 
the lowest singlet state through vibrational interaction. In this process the emission of 
radiation may be considerably delayed. This is called phosphorescence. This 
phenomenon is rare because most of these triplet states will be absorbed by oxygen. 
The quanturn yield of fluorescence (QY fl) is defined as the ratio of the emitted 
photons to the absorbed photons. 

soo 400 100 100 7010 800 

Wawllngth 0.) 

Figure 3-27: Fluorescence adsorption and emission peaks 
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3.4.2 Experimental set up 

Figure 3-28: Zeiss LSM MET A laser scanning microscope system 

The confocal microscope used in this work was the Zeiss LSM 510 META laser 
scanning microscope (LSCM) system with an Axiovert 200 motorized frame from 
Carl Zeiss (Figure 3-28). This confocal microscope is equipped with six different light 
sources: a Halogen bright field light souree (Osram Xenophot HLX 64625, FCR, 
12 V, 100 W), a Mercury are epi-fluorescence (Osram HBO 103 W/2, mercury 
vapour short-are 200 hours), an air-cooled Argon ion laser (wavelengths 458, 488, 
514 nm; 30 mW, CW), two Helium-Neons lasers, green (wavelength 543 nm; 1mW; 
CW) and red (wavelength 633 nm; 5 mW; CW), and a water cooled Spectra-Physics 
model 2020-03, UVNIS Argon ion laser (wavelengths 365, 458, 488 and 514 nm; 
1.2 W, CW). 

The six different objectives and their characteristics are shown in Table 3-2 with M 
the magnification, NA the numerical aperture, WD the working distance and F( epi) 
the epi-fluorescence intensity calculated using equation (3.2). Equation (3.3) was used 
to calculate the radius of the Airy illumination spot for available laser excitation 
wavelength. The first number indicates the calculated Airy radius for 458 nm, the 
second number relates to the 800 nm excitation e.g. from a titanium-sapphire laser. 

(3.2) 

(3.3) 
1.22 · Ä 

rAiry = 2· NA 

Table 3-2: Objectives of Zeiss LSM 510 META 

Type M NA WO (mm) Immersion 
Plan NeoFLuar 10 0.3 5.6 air 
Plan Apchromat 20 0.75 0.66 air 
Achroplan LD 40 0.6 0.17 air 
Plan NeoFiuar 40 1.3 0.29 oil 
Plan-Apochromat 63 1.4 0.18 oil 
Achroplan 63 0.95 2 water 
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Airydisk size (nm) F(epi) 
931-1626 0.81 
372-650 7.91 
465-813 0.81 
215-375 17.85 
200-348 9.68 

294-513.6 2.05 



The LSM Meta software version 3.0 to control the Zeiss LSM 510 META was 
delivered by Zeiss. Here, the different lasers could be turned on, filter sets could be 
activated, etc. The images could be seen with the freeware version in the LSM image 
browser. 

3.4.3 Results and Discussion 
Using the previous techniques no condusion could be made about the biologica! 
activity of the antibodies. The antigens could also be adsorbed instead of bound. 
Using fluorescence microscopy the activity could be investigated. 

The problem with MDMO-PPV is that it has a wide absorbance spectrum that makes 
it difficult to distinguish fluorescence of the polymer and the fluorescent molecules. 
The two fluorescent molecules that are used are FITC and Cy5, excitated respectively 
using the 488 nm Ar laser and 633 nm HeNe laser, see Figure 3-29. 
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Figure 3-29: a bsorbanee and emission spectrum of polymer· and fluorescent dyes 

In Figure 3-30, an increase of intensity could be observed when the biofilm was 
exposed to a concentration of FITC-DNA. Also a little increase in intensity is 
observed when the polymer surface is exposed to FITC-DNA. This is due to non
specific binding of DNA to the polymer. 

Figure 3-30: Fluorescence intensity comparison between PPV, antibodies and antigens 

When in Figure 3-31 the spectra of the previous images are analysed we observe no 
shift in peak:s, only an increase in intensity. This may be due to the fact that the 
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fluorescent molecules are very close to the surface, which makes an energy transfer 
possible from the fluorescent molecules to the polymer film. The extra energy from 
FITCis thus translated to an increase ofthe polymer spectrum. 
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Figure 3-31: Fluorescence spectra ofthe biofilm compared with PPV + FITC-DNA and 
biofilm + FITC-DNA 

To distinguish the difference between polymer fluorescence and the fluorochrome, 
another fluochrome, Cy5 is used. lts absorption and emission spectra are outside of 
the absorbance range of the polymer. Unfortunately, the Cy5 dye had a very low 
intensity and could not he used for the actual experiments. Only in high concentration, 
obtained by crystallization on the polymer film, the fluorescence of Cy5 could he 
observed, see Figure 3-32. 

Figure 3-32: Fluorescence image of Cy5 

When the spectrum is measured, the polymer fluorescence can he eliminated using the 
appropriate filters and the fluorescence emission peak of Cy5 at 670 nm can he 
observed in Figure 3-33. 
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Figure 3-33: Fluorescence spectra of Cy5 crystallized on PPV 
(ROl = region of interest) 

Now, when less concentration of antibodies are used for immobilization, an 
incomplete complete monolayer of antibodies is obtained. This results in regions on 
the film were the polymer is blank and non-specific binding can occur. These places 
could be covered using a bovine serum albumine (BSA) blocking layer. When the 
spectra of the different samples are compared in Figure 3-34, it can be concluded that 
the BSA layer prohibits non-specific binding. The fluorescence of the BSA-treated 
samples has the same intensity as the polymer samples without biologica! activated 
surface. 

-:::s 
m -Q) 
0 
c::::: 
Q) 
0 en 
Q) ..... 
0 
:::s 

LL 

240 

220 
200 

180 
160 

140 
120 
100 
80 
60 
40 
20 ~·"'-'·~•""•"'" 

0 

500 550 600 650 700 

Wavelength (nm) 

-•-PPV 
- o -- PPV+BSA 
······"'······ PPV+ab 
-'\1- PPV+ab+ag 

·· ·· PPV+BSA+ag 
·la· PPV+ag 

Figure 3-34: Verification of non-specific binding after using BSA blocking layer 
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In Figure 3-35, several concentrations of antigens are exposed to a surface treated 
with 0.1 nmol/ml adsorbed antibodies. When more antigens are captured to the 
surface, an increase in fluorescence in seen. The detection limit is about 50 pmol/ml 
and, at concentration above 10 nmol/ml, a saturation limit is obtained. At this level, 
all antibocties are occupied causing additional antigens not to attach firmly to the 
surface and they are rinsed offwhen the surface is washed. 
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Figure 3-35: Fluorescence measurement of different concentrations of the antigens, FITC-DNA. 
(A: fluorescence spectra, B: Integrated intensity) 
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4 Biosensing 

4.1 Electrochemical lmpedance Spectroscopy (EIS) 

4.1.1 lmpedance 
The impedance of a circuit is the complex resistance. For anideal resistor Ohm's law 
applies, equation ( 4.1 ). This relation has several simplifying properties like frequency 
independent and AC current and voltage through the resistor are in phase with each 
other. 

(4.1) 
V 

R=-
1 

In the real world elements have a much more complex behaviour. The impedance 
reptaces the simple concept of a resistor. Like resistance, impedance is a measure of 
the ability of a circuit to resist the flow of electrical current but it is not limited to 
simplifying properties. 

The impedance is measured using a small excitation signa!, V(t) see equation (4.2). 
The response signa!, l(t), is shifted in phase, ~. and has a different amplitude, see 
equation (4.3). 

(4.2) 

(4.3) 

V(t) = VaeiiVt 

l(t) = Ioei(IVt-'> 

From these expressions the impedance, Z, of the system can he calculated. (4.4) The 
impedance is thus expressed in tenns of Zo and a phase shift. 

(4.4) 

4.1.2 Data presentation 
The impedance is always measured in function of frequency. The easiest way to 
represent Z( ro) is the Bode plot. In Figure 4-1, the log(jZJ) and F are plotled against 
the log(f) with m = 2;r f. 
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Figure 4-1: Schematic Bode plot 
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From equation (4.4), it can be seen that Z(ro) is composed of a real part and an 
imaginary part. When the real part is plotted against the negative of the imaginary part 
a Nyquist plot is obtained, shown in Figure 4-2. Each point of the Nyquist plot is the 
impedance at a fixed frequency. For EIS data, where impedance usually decreases as 
frequency increases, low frequency data are on the right side of the plot and higher 
frequencies are on the left. The data can be represented as a vector of length IZI and 
the angle between this vector and the x-axis is~· 

-lmZ 

Figure 4-2: Nyquist plot 

4.1.3 Data interpretation 
A very important aspect of electrochemical impedance spectroscopy is fitting the data. 
EIS data is commonly analysed by fitting it to an equivalent electrical model circuit. 
Most of these circuit elements in the model are common electrical elements such as 
resistors, capacitors and inductors. Many circuits can he fitted to a specific 
measurement but to he useful the elements of the model should have a physical 
meaning to the system. In the following Table 4-1 the different elements are presented 
with their impedance contribution. 

Table 4-1: Components for equivalent circuit fitting 

Component lmpedance Info 

R Z=R Resistor 

L Z = imL Inductor 

c Z=-1-
imC 

Capacitor 

z 1 c rn 
Constant phase element, takes into account semi-

CPE =- Z{J) infinite diffusion, a kind of imperfect, leaking 
Qo capacitor. (when n = 1, Q = C) 

1 -~ Warburg component, takes into account 
w z = -{J) 2 unrestricted diffusion toa large planar electrode. It 

Yo is the same as the CPE with n = 0.5. 
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Besides the components mentioned above there are some others, like a Gerisher 
element etc., but these arenotrelevant in this work. [7;14;17;29-36] 

The physical explanation for CPE behavior is the roughness ofthe electrodes. For flat 
surfaces n equals 1 and for surfaces with branching in every-which-way through space 
n equals 0.5. Another explanation could be the varying thickness or composition of 
the layer. Here, the conductivity changes with the distance through the coating. 

4.2 Experimental set up 

Figure 4-3: HP/Agilent 4284A Precision LCR meter 

The electrochemical impedance experiments were done using a homemade 
electrochemical impedance cell, shown in Figure 4-4. Their technica! drawings can be 
found in Appendix 2 and Appendix 3. The spectrum was measured in a range of 20 -
1 MHz using a HP I Agilent 4284A Precision LCR Meter (Figure 4-3), USA. Besides 
frequency dependent measurements also time resolved measurements were done. 

Figure 4-4: Homemade electrochemical impedance cell 

In our biosensor there was room for two different samples. For the future biosensors a 
differential set-up is the goal, in this way a reference sample is compared with the 
activated surface. This means that initially both samples should have the same 
impedance spectrum. This is impossible when using a polymer samples as reference, 
also because of non-specific binding. Therefore, another antibody is used as reference, 
indicated in Figure 4-5. Also both electrodes are Au to avoid a galvanic voltage 
between these two. There is also a syringe in the lid to introduce the antigens in the 
electrolyte. Furthermore, the bottorn of the biosensor is left transparent for future 
fluorescent measurements simultaneously with the impedance spectroscopy. 
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Figure 4-5: Differentlal set-up with a non-activated reference (left) and passive antibodies (right) 

The data collection protocol: 

- Measuring Z and the phase shift of the AuPPV samples in a phosphate buffer 
saline electrolyte solution (PBS) as function of frequency. 

- After physical adsorption measuring Z and the phase shift of the AuPPV 
samples with antibodies in PBS as a function of frequency. The adsorption 
concentrations were 0.1 nmoVml. 

- A time resolved measurement using a fixed frequency and monitoring the 
change when a certain concentratien of antigen is added. The antigen 
concentrations are made from the same PBS solution. 

- After stabilisation measuring again Z and the phase shift of the AuPPV 
samples with antibodies and antigens in PBS as a function of frequency. 

- Data collection software was a self-made Labview program, National 
Instruments. For every frequency three signals were measured: reference 
sample, activated sample and the signal between the two top gold electrodes. 
The different signals were obtained using a Multiplexer. Thus both samples 
were measured at the same time. 

4.3 Results and Discussion 

4.3.1 AuPPV + antibodies vs. AuPPV 
With impedance spectroscopy an actual biosensor can he obtained, which can detect 
in real time small amounts of antigens. In this section, first AuPPV is considered as a 
reference sample. 

Figure 4-6: Biosensor set-up with and without a lid 
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In our first biosensor layout the counter electrode consistedof a copper ring. Using 
this set-up an unstable signal was measured. This was due to the fact that the 
electrolyte was in contact with the atmosphere and able to absorb e.g. co2 from the 
air that influenced the signal, see Figure 4-7. An adjusted set-up, shown in Figure 4-6, 
was built with two Au electrodes in a lid and so eliminating the influence from the 
atmosphere. 
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Figure 4-7: Time resolved measurement at 1 kHz (zero bias and 50 mV oscillating voltage) 

First, measurements were done using only FITC as antigen without DNA attached to 
it. Here, the activated sample could detect 1. 7 nmoVml FITC in PBS, while the 
reference sample did not react to the addition of FITC as seen in Figure 4-8 and 
Figure 4-9. The reference sample consisted of only a PPV film. No non-specific 
binding was observed because FITC molecules are very small and do not adsorb to 
the polymer surface as seen in the fluorescence measurements. The signal seams to be 
superposed to a ramp, which could be due to temperature effects or diffusion of PBS 
in the polymer film. 
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Figure 4-8: Time resolved measurement I (at 500Hz, zero bias and 50 mV oscillating voltage) 
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Figure 4-9: Nyquist plots of measurement I (zero bias and 50 mV oscillating voltage) 
before and after addition of FITC 

The solid lines in Figure 4-9 are a fit using the equivalent circuit from Figure 4-10. 
ZSimpWIN is used to fit the parameters. In Table 4-2 it can beseen that the binding 
of the antigen causes a 30% drop of the leaking capacitance. Other parameters from 
the polymer change also but from Figure 4-8 it can beseen that these differences are 
due to diffusion ofthe electrolyte in the polymer. 

Rsol $Oiution re$i$tance 

a int leaking interface capacitance 

n n-factor of Q 1n1 

R~nt charge transfer resistance 

Cpot capacitance polymer 

Rpo1 polymer rHistance 

Figure 4-10: Equivalent circuit 

The influence to the charge transfer could not be verified because the lowest 
frequency range is 20 Hz. The charge transfer influence on the impedance spectra is 
only visible at very low frequencies due to the small size ofthe molecules. 

Table 4-2: equivalent circuit parameters of measurement I 

anti-FITC sample PPV sample 
befare aft er befare aft er 

Rpol (1011Q) 7.8 3.3 24.8 24.5 

Cpol {nF) 110.3 136.2 975.7 947.7 

Rint (10:JQ) 1.7 1.6 

Qint (1!T11S/s") 4.8 3.3 5 4.3 
n 0.6 0.6 0.6 0.6 

Rsol (Q) 266 284 263 269 
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4.3.2 AuPPV + antibodies vs. AuPPV + passive antibodies 
Next, FITC-DNA antigens were used. These are much bigger molecules and the 
influence would increase which induces a higher sensitivity. In Figure 4-11 after 4 
minutes the two samples are exposed to a concentration of about 50 pmol/ml. 

50..,....---------------------, -23.0 
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Figure 4-11: Time resolved measurement 11 (at 80Hz, zero bias and 50 mV oscillating amplitude) 

lt can be clearly seen that the impedance as well as the phase signal change of the 
activated sample while the signals of the reference samples remains at the level. The 
same happens when we increase the concentration after 6.5 and 9 minutes to the 
effective concentrations of 50, 66 and 75 pmol/ml. 

In the previous measurement initial signals, Z and 0, from both samples did not 
correspond toeach other. Next, The same measurement is done tuning first Z(O) and 
0(0) and then the samples are exposed toa concentration of 42 pmol/ml Cy5-DNA 
and a few minutes later to 75 pmol/ml FITC-DNA. From Figure 4-12 it becomes clear 
again that anti-FITC does not react to Cy5-DNA and anti-Cy5 neither on FITC-DNA. 
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Figure 4-12: Time resolved measurement m (at 80Hz, zero bias and 
50 mV oscillating amplitude) 
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Figure 4-13: Nyquist plot of measurement m (zero bias and 50 mV oscillating amplitude) 

The decay of the signal was fitted using an exponential fit and 't was found to he 
approximately 1.8 minutes for anti-Cy5 and 3.1 minutes for anti-FITC. Wheri the 
Nyquist plots are compared in Figure 4-13, the same change is noticed for both 
samples after the measurement. The plots are fitted to the equivalent circuit from 
Figure 4-10 and in Table 4-3 it can he seen that from both samples the capacitance 
and charge transfer of the interface are influenced by capturing antigens while the 
PPV parameters remain the same. There is only a minor change in solution resistance 
but this is due to the fact that ions, like DNA with negatively charged backbone, are 
introduced in the electrolyte by adding the antigen. 

Table 4-3: equivalent circuit parameters of measurement m 

anti-FITC sample anti-Cy5 sample 
befare aft er befare aft er 

Rpol (10~Q) 0.86 1.33 1 1.23 

Cp,1 (nF) 4.17 4.38 3.53 3.02 
. 5 Rïnt (10 Q) 2.77 0.95 2.4 1.17 

a1nt (1 o-s sis") 2.26 4.62 2.57 5.97 
n 0.89 0.87 0.89 0.87 

Rsol (Q) 228 178 208 156 

The sensitivity and resolution could he further decreased when the density of 
antibodies at the bio-layer is increased. First measurements are found in Appendix 4 
but further measurements are needed. 
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5 Conclusion 
The results from AFM, fluorescence and contact angle measurements presented in this 
work indicate that antibodies can be successfully adsorbed to the polymer 
OC1C10-PPV. A stabie monomolecular layer of antibodies has formed, and this layer 
is able to bind with antigens. 

A differential impedance set-up was built and comparing the biologically activated 
layer with a layer with passive antibodies as a reference. The antibody-antigen affinity 
reaction resulted in a fast and sensitive impedance response of the activated layer with 
no cross-sensitivity between the bio-layer and the reference layer. 

Antigen concentratien of 50 pmoVml (0,9 ppb) or less could be detected and a 
concentratien change of 9 pmoVml also generated a measurable impedance response. 
This indicates that the adsorbed antibodies keep their biological activity and in a 
differential impedance cell, sensitivity down to 7.5 J.tg/ml and a resolution of 1,4 
J.tg/ml can be achieved. 

The standard in vitro procedure for detection of an analyte is ELISA with a detection 
limit of about 0.1 fmoVml. More characterization experiments are required to gain 
additional insight in the preparatien steps of the biosensor electredes to decrease the 
detection limit. Trying to bind the antibodies covalently will improve sensitivity 
severely. An advantage of our biosensor in comparison to the standard ELISA test is 
that our procedure is 'label' free while detection in ELISA test happens using 
different enzymes etc. Furthermore "our" procedure is matchless simple. 

It can be concluded that there is a future for this technique, when the relevant 
concentratien limits for certain analytes are achieved. Thus this polymer OC1C10-PPV 
is very suitable for biosensing purposes and with this technique a wide variety of 
antigens can be detected if the appropriate antibodies are used. 
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Appendices 

Appendix 1: Specification of AFM tip 

j I • • 'l '" 

----- -------·----

... _ ..... __ . 

r ~ICfliTACT --•lfboiCn-
,,., ~~'lfl9'> 1t<l-d'tlt~iu!l-

~~~W..~» .. ...,... .... 

www.spmtipt.c011 
<A'U$U•t~ .• ~,~~.~~",.. 

~,....-~."~*-~:--~ 

36 



Appendix 2: Teehoical drawing of the biosensor 
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Appendix 3: Teehoical drawing of the biosensor lid 
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Appendix 4: Indications 

The detection limit is very depended on the amount of antibodies adsorbed and on the 
orientation of these antibodies. When the antibodies are incubated for a longer period 
of this limit can be decreased, see Figure 0-1. 
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Figure 0-1: Time resolved measurement IV (at 120Hz, zero bias and 
50 mV oscillating amplitude) 
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Knowing that the detection limit is very dependent on the adsorption and that the best 
signal to noise ratio is achieved at frequencies below 100 Hz the next measurements, 
in Figure 0-2 and Figure 0-3, were performed incubating the polymer layer with 
antibodies at 38° for 2 hours and measuring time resolved at frequencies of 37 and 
79 Hz. These are prime numbers to prohibit noise coming from multiples of the 
frequencies of mechanica! and electronic noise. 
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Figure 0-2: Time resolved measurement V (at 37Hz, zero bias and 50 mV oscillating amplitude) 
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Figure 0-3: Time resolved measurement V (at 79Hz, zero bias and 50 mV oscillating amplitude) 

Using impedance spectroscopy also the adsorption of antiboclies to the polymer 
surface can be veri:fied. Different incubation procedures have been applied. In Figure 
0-4 and Figure 0-5 it can be seen that the duration of incubation plays an important 
role in the adsorption. Also the temperature is of importance. With a temperature in 
the order of 38° adsorption happens faster because of the soflening of the polymer 
surf ace. 
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Figure 0-4: Impedance change after adsorption oflmmunoglobulines (RT =room temperature) 

When exposing it for four hours we can also see changes at higher frequencies, which 
could mean that PBS is diffusing in the bulk polymer causing the impedance of the 
polymer layer to change. The Immunoglobulines cause an increase of the impedance 
at low frequencies. This may be due to the fact that these molecules are not charged; 
they merely form at buffer layer between the electrolyte and the polymer surface. The 
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adsorption depends even on the molecules. Anti-Cy5 adsorption is greater at lower 
temperatures compared to anti-FITC. This may be due to the amount of bounds 
available to adsorb. 
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Figure 0-5: Phase change measurement after adsorption of Immunoglobulines (RT = room 
temperature) 

When looking at a polymer surface incubated for four hours without an antibody 
solution again an increase at low frequency is seen in Figure 0-6. This time the peak 
in the Phase change is positioned around 47 Hz while with the antibodies this peak 
was in the order of 200 Hz. Also incubation of merely PBS causes an increase of 200 
to 300 % while with the antibodies this increase was less. 
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Figure 0-6: Impedance and phase change measurement after incubating PBS for four hours at 
roomtemperature 
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This change of impedance caused by incubating PBS may be due to swelling and 
adsorption and diffusion of salts in the polymer surface. These molecules are much 
smaller than the antihorlies and therefore the frequency at which they interfere is 
lower than the characteristic frequency of the antibodies. The difference in amplitude 
of change is greater with the PBS but when antibodies are in the solution they form a 
layer on the polymer surface prohibiting ditfusion of the PBS in the polymer surface. 

These measurements are some indication on how to improve sensitivity but further 
measurements are needed. 
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Using biologically activatt:d polytnft· f"lhns as a biosenso1· 
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Limburgs Universitair Centrum- Biomedical &sfJarch lnstituts BIOMED 

Conjugated polymer films are promising matcrials for the immobilization of 
antiboclies in biosensors . Since both have an organi c nature, biomol erul es can 
attach to the surface of the polymer films. Moreover the semi -conducting 
properties make electroni c readout possible. 

The biosensor consists of a Au electrode film (50 nm) evaporated onto a glass 
substrate. Subsequently, a 100 nm thin MDMO-PPV (polyphenylene-vinylene 
with OC1C1o sidechain) polymer film is spin coated on top. Immwtoglobulines 
sensitive for the fluorescent dyes FITC and CY5 are physically adsorbed onto the 
polymer film and form a monolayer of antibodies, which was visualized by 
atomi c force microscopy, while their contentration was verified by contact angle 
measurements. 

The molecular recognition of FITC-labelled DNA and CY5-labelled DNA 
fragments was verified optically using confocal fluorescence microscopy. · 
Comparing the fluorescente spectra befare and after capturing of the target 
molecules, differences can he found that are due to the electron transfer processes 
between FITC and the PPV -film causes differences between the spectra. This 
differcnce was plotted as a function of the concentration of thc capturcd antigens 
captured. 

The electronic measurements were based on the el ectrochernical impcdanee 
principle. With a homemade electrochemical impcdanee cell the impcdanee 
spectrum was m casured in the range from 20 Hz to 1 MHz. The measurements 
were performed time resolved and in a differential way with the functionalized 
surface against a reference sample with non-activated polymer surface. First, a 
spectrum was measured with only phosphate buffer saline (PBS) as electrolyte. 
Next, different concentrations of antigens were added to the electrolyte and the 
samples were measured again. The impcdanee spectra could be modelled using an 
equivalent cirrui t wi th a non-linear component, to take the diffusion proces ses and 
the electro-activity of the biofilm into account. The binding of antigens onto the 
surface influences the charge transfer and capacitance at the bi ofilm -electrolyte 
interface. In this way, concentrations of the order of ten picomol per millilitre 
antigens coul d he detected by our functionalized biofilm wi thin one minute. 
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Surface Characterizatlon: 

The mn-rc:olllitl of a All~ film (50 MI) 
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