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Abstract 
Materials based on novel Off-Stoichiometry Thiol-Ene polymers, abbreviated OSTE, show 

promising properties as materials for low cost and scalable manufacturing of micro- and 

nanosystems such as lab-on-chip devices. The OSTE materials have tunable mechanical 

properties, offer possibility for low temperature bonding to many surfaces via tunable surface 

chemistry, and can be used in soft lithography. Unlike the commonly used elastomer 

poly(dimethylsiloxane), PDMS, the OSTE materials have low permeability for gasses, are 

resistant to common solvents and can be more permanently surface modified. 

 

In this master’s thesis project, the OSTE materials have been evaluated with focus on 

compatibility with cells, possibility for nanostructuring using soft lithography and the use of 

OSTE as a flexible support for conducting polymers. 

 

Results from cell seeding studies with HEP G2 cells suggest that cells can proliferate on a low 

thiol off-stoichiometry OSTE material for at least five days. The biocompatibility for this type 

of OSTE material may be similar to poly(styrene). However, high levels of free thiol 

monomers in the material decrease cell viability considerably. 

 

By using soft lithography techniques it is possible to fabricate OSTE nanochannels with at 

least the dimensions of 400 nm x 15 nm. Combined with the advantages of using the OSTE 

materials, such as low temperature bonding and possibility for stable surface modifications, a 

candidate construction material for future development of systems for DNA analysis is at 

hand. 

 

OSTE can serve as a flexible support for an adsorbed film of a conducting polymer with the 

possibility for future applications such as electronic interfaces in microsystems. In this project, 

a film of PEDOT:PSS with the electrical resistance of ~5 kΩ was created by adsorption to an 

flexible OSTE material. Furthermore, results suggest that it is possible to further optimize the 

conductivity and water resistance of PEDOT:PSS films on OSTE. 

  



Sammanfattning 
Material som baseras på de nya icke-stökiometriska tiol-en-polymererna OSTE, uppvisar 

lovande egenskaper för billig och enkel produktion av mikro- och nanosystem som t.ex. ”lab-

on-chip”-enheter. OSTE-materialen besitter egenskaper som möjliggör finjustering av 

materialens mekaniska egenskaper och som ger möjlighet till att utnyttja materialets 

justerbara ytkemi för att kovalent binda materialet till olika ytor vid relativt milda 

temperaturer. Dessutom kan materialen användas inom mjuk litografi och till skillnad från 

den vanligen använda elastomeren poly(dimetylsiloxan), PDMS, så är OSTE materialen mer 

tåliga för vanligt förekommande lösningsmedel, har låg permeabilitet för gaser och kan 

ytmodifieras mer stabilt. 

 

I detta examensarbete så har OSTE materialen undersökts med fokus på kompatibilitet med 

celler, möjlighet för nanostrukturering via mjuk litografi och användning av OSTE material 

som böjbara substrat för adsorberade filmer av ledande polymerer. 

 

Från cellodlingsstudier med HEP G2 celler på OSTE material med lågt tiolöverskott, antyder 

resultaten att de cellerna kan fästa och växa på materialen i åtminstone fem dagar. 

Biokompatibiliteten för denna typ av OSTE material liknar den för poly(styren). Dock så 

visar resultaten att höga nivåer av fria tiolmonomerer hos materialen tydligt minskar 

överlevnaden hos cellerna. 

 

Genom att använda metoder inom mjuk litografi så har OSTE-nanokanaler med 

dimensionerna 400 nm x 15 nm skapats. I kombination med OSTE materialens fördelar såsom 

möjlighet till kovalent bindning till olika ytor vid milda temperaturer och möjlighet till stabila 

ytmodifikationer, så finns goda möjligheter till att använda OSTE som konstruktionsmaterial 

för framtida utveckling av system för DNA analys. 

 

OSTE material kan användas som ett böjbart substrat för adsorberade filmer av en ledande 

polymer med möjlighet för applikationer såsom elektroniska gränssnitt i mikrosystem. I detta 

examensarbete så skapades en film av PEDOT:PSS med resistansen ~5 kΩ på ett flexiblet 

OSTE material. Resultat antyder att det är möjligt med vidare optimering för ökad 

vattentålighet och konduktivitet hos adsorberade PEDOT:PSS filmer på OSTE.  
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1. Introduction 
In the sections of the introduction, the background of this master’s thesis will be discussed, 

followed by the major aims of the project, relevant questions and in the last section a project 

approach will be described. 

1.1. Background 
In the fields of biomedicine, biotechnology and life science, micro- and nanofabrication 

has become an important technique. Soft lithography has been utilizing techniques for the 

fabrication of micro- and nanoscaled structures based on soft materials such as polymers. 

The need for laboratories to perform thousands of assays daily is met with the possibility 

of using small volumes of analytes and reagents in microfluidic systems. These systems 

have applications for biomolecular assays, screening devices, sensor systems and human 

diagnostic systems etc. Furthermore, soft lithography offers the ability to pattern and 

manipulate cells on surfaces with controlled molecular structures
1, 2

. This has provided 

tools for in vitro studies on cellular interactions with the material and their environment. 

For example, micro- and nanofabricated structures could improve cell culture technology 

and also offer the possibility to perform biochemical analyses down to the level of single 

cells
2, 3

. The use of soft lithography has also enabled the micro- and nanopatterning of 

conjugated polymer electrodes for cellular interfaces
4, 5

. 

 

In soft lithography, the materials used for structuring are typically elastomers and 

especially the elastomer poly(dimethylsiloxane), PDMS. The popularity of PDMS for 

making stamps and molds for soft lithography is due to its useful combination of 

properties such as the attractive mechanical properties, ease of using the material and the 

commercial availability. The thermally crosslinked material is a moderately stiff elastomer 

with a Young’s modulus of 1-2 MPa, it is nontoxic, relatively permeable to gases e.g. O2, 

CO2, N2 and is optically transparent in the visible region. Short plasma treatment is often 

used to convert the hydrophobic PDMS surface into a hydrophilic surface. Two surfaces 

of plasma-oxidized PDMS can be bonded irreversible to each other just by contact 

through the spontaneous condensation reaction of SiOH groups. Furthermore, the surface 

of PDMS can also be modified by treating the plasma oxidized PDMS with organic 

silanes, e.g. alkyltrichlorosilanes
1, 6, 7

. However, there are a few limitations with PDMS. 

Due to the high mobility of the long polymer chains in the material, it is difficult to 

permanently modify the surface of PDMS. Other problems are swelling of the material 

when exposed to solvents, absorption of small molecules into the polymer network and 

leaching of uncured monomers
8
. Soft lithography has enabled the use of PDMS for rapid 

and cheap manufacturing of micro- and nanosystems. However, one of the reasons for the 

difficulties of commercialization of these systems might be due to the drawbacks of using 

PDMS as the construction material. To address these problems and to develop materials 

suitable for microfluidics applications, a set of novel materials have been developed at the 

Royal Institute of Technology in Stockholm, Sweden. These novel materials which are 

based on Off-Stoichiometry Thiol-enes, OSTE, have already shown potential and 

advantages as construction material for lab-on-a-chip devices
6, 8

. The OSTE materials 

offer new possibilities for control of the materials mechanical properties and bonding to 

surfaces. Furthermore, the OSTE materials show minimal absorption of small molecules, 

they are more resistant to common solvents and the surface of the materials can be more 

permanently chemically modified. However, more knowledge is needed in order to 

evaluate the potential and possibilities for the OSTE materials in future micro- or 

nanosystem applications, for example as systems for biomolecular analysis of DNA. 
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There is also limited knowledge on the performance of the OSTE materials as interfaces 

for conjugated polymers and as biocompatible materials for cell analysis and cell culture 

applications. 

1.2. Aim 
In this project the aim was to investigate the possibilities of using OSTE materials for the 

construction of biocompatible micro- and nanostructure interfaces with cells, for the 

construction of devices for DNA studies, and for the use of the materials in combination 

with a conducting polymer for applications as electronic interfaces. 

 

To sum up, the major aims of the project were to investigate the possibilities using OSTE: 

i. as materials compatible with cells 

ii. in soft lithography micro- and nanostructuring 

iii. as an interface for the conjugated polymer system PEDOT:PSS 

1.3. Questions 
Several questions were formulated based on the project aim. These questions were 

guidelines for the pre-studies but also for the formulation of the project approach. 

 

The questions were: 

1 Which properties are characteristic for the OSTE materials? 

- what is the current status off the OSTE materials? 

- what possibilities using OSTE are known? 

2 What are the possibilities using OSTE for micro- and nano-patterning? 

- what possible techniques are there for molding OSTE? 

- what dimensions can be achieved? 

3 What are the possibilities for surface modification and functionalization of 

OSTE? 

- what properties does the material have for surface modification? 

- can the material be bonded to other materials? 

- is it possible to create a film of conducting polymers on the material? 

4 Are the OSTE materials biocompatible? 

- what properties of a material are important for the biocompatibility? 

- can cells be cultivated on OSTE materials? 

- do the OSTE materials leach chemicals? 

- are there free and mobile chemicals present on the surface of OSTE materials? 
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1.4. Project approach 
In order to answer the questions and to investigate the possibilities of the OSTE materials, 

first laboratory and literature pre-studies were performed to gain basic knowledge of the 

material properties. Then the laboratory pre-studies were followed by experiments 

designed for further investigating the goals d-f in the project approach (see below). These 

experiments were investigation of micro- and nanochannels, MIMIC using OSTE 

channels, investigation of PEDOT:PSS adsorption on OSTE and biocompatibility 

investigation by cell seeding experiments (see sections 3.3. – 3.6.). 

 

The project approach formulated for the overall project work was: 

a. Basic theory 

Goal: gain basic knowledge on thiol-ene click chemistry, OSTE materials, 

conducting polymers, cell function on biomaterials, nanofluidics for DNA 

Method: literature studies and interview with experienced people  

b. Fabrication of OSTE materials: 

Goal: create protocol for the OSTE fabrication 

Method: protocol based on literature and laboratory pre-studies 

c. Characterization of the OSTE materials: 
Goal: gain basic knowledge of chemical, optical and mechanical properties of the 

fabricated materials 

Method: use the instrumental techniques UV/VIS-spectroscopy, FTIR, DSC and 

ellipsometry 

d. Micro- and nanostructuring: 

Goal: investigate some molding methods for micro- and nanostructuring of OSTE 

that are currently used for PDMS. Can nanometer dimensions be achieved in 

OSTE, with the application for DNA stretching? 

Method: soft lithography methods and characterization by profilometry, 

fluorescence microscopy and SEM 

e. Surface modification and functionalization: 

Goal: investigate and find a protocol for surface modification of OSTE and for 

adsorption of PEDOT:PSS on OSTE. 

Method: protocols based on literature studies, interviews with experienced people, 

contact angle measurements and conductivity measurements 

f. Biocompatibility: 

Goal: investigate whether some type of cells can grow on the surfaces of OSTE 

materials 

Method: seed cells on the materials and investigate cell viability by microscopy 

and fluorometry measurements 
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2. Theory 
In the first sections of the chapter some important concepts are reviewed regarding the 

chemistry of thiol-ene polymers and the novel thiol-ene polymer material OSTE is presented. 

In the last sections, there will be an introduction to conducting polymers, a general discussion 

of the cellular interactions with biomaterials and a short introduction of nanofluidics for DNA. 

2.1. Click chemistry 
The concept of click chemistry was introduced in 2001 by Sharpless et al.

9
. Since then, 

the concept and its impact on organic chemistry has gained a lot of interest
8-20

. The 

characteristic features of click chemistry are a broad range of regio- and stereospecific 

reactions that can be achieved with the use of readily available substrates and reagents, 

using benign solvents or none at all and ideally proceed with insensitivity to oxygen 

inhibition. These reactions are highly selective, having a high thermodynamic driving 

force and proceeds rapidly to completion. Furthermore, the click-reactions give high 

yields of their products. Moreover, the byproducts can be removed by non-

chromatographic methods. Examples of click-reactions are certain cycloadditions, 

nucleophilic ring-opening reactions, additions to carbon-carbon multiple bonds etc. Click 

reactions have been used to link molecules or synthetic polymers with other 

macromolecules in order to fabricate a variety of polymeric architectures with applications 

extending from synthesis of hydrogels and biomaterials to photolithography, coatings, 

surface modification/functionalization among others
9, 10, 20

. Furthermore, some widely 

used click reactions have previously been utilizing metal catalysts, such as the copper 

catalyzed azide-alkyne cycloaddition, but to avoid drawbacks such as air sensitivity and 

use in biological applications, other click-reactions without metal-catalysts have been 

examined in recent years. These reactions that can be conducted under ambient conditions 

include metal-free azide-alkyne cycloaddition, Diels-Alder reactions and thiol click-

reactions
20

. In this work, focus will be on polymers fabricated by using the thiol-ene click-

reaction. 

2.2. Thiol-ene polymers 
Thiol-ene chemistry, which has been known for over 100 years, has over the past decades 

attracted great attention in polymer chemistry due to the wide range of readily available 

thiols and enes (see figure 1 and 2), and the variety of conditions under which these two 

substances can react. The classical thiol-ene reaction is based upon the hydrothiolation of 

a carbon-carbon double bond. Reaction of thiols with unsaturated functional groups such 

as alkenes, allyls, and acrylates etc. (see figure 2) are some examples of common thiol-ene 

reactions
14

. Furthermore, due to its selectivity and efficiency, the thiol-ene reaction is 

considered as a click-reaction
11-14, 16, 18-24

. 

 

 
Figure 1. General structures and names of thiols used in thiol-ene reactions. 
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Figure 2. General structures and names of enes used in thiol-ene reactions. 

 

Thiol-ene polymerization reactions can be carried out by using the photo-initiated free-

radical anti-Markovnikov addition. Thus, in opposite to the Markovnikov addition, when 

the –SH group adds to an unsymmetrical alkene double bond, the hydrogen atom from the 

–SH group adds to the carbon atom on the alkene which has the least number of hydrogen 

atoms. Alternatively, it is possible to use the base/nucleophile mediated thiol-Michael 

addition, where the thiol is added to electron-deficient ene-groups, such as methacrylates 

and α,β-unsaturated ketones
13, 20

. Ideally, the thiol-ene radical reaction proceeds as a step-

growth reaction where no homopolymerization occurs. Alternation between propagation 

and chain-transfer occurs during the step-growth thiol-ene reaction. During the 

propagation, the thiyl radical propagates across the ene functional group, and during 

chain-transfer a hydrogen radical is abstracted from the thiol by the carbon-centered 

radical (see figure 3a). For the base/nucleophile mediated thiol-Michael addition (see 

figure 3b), the process proceeds in a similar fashion to the free-radical process (see figure 

3a), but the radicals are replaced by their anionic counterparts
13

. Generally, the 

termination of the thiol-ene reaction occurs by radical-radical coupling
16, 24

 (see figure 4). 
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Figure 3. a) The ideal step-growth free-radical thiol-ene reaction where no homopolymerization (via chain-

growth) occurs. b) The ideal base catalyzed thiol-Michael addition. B = base and EWG = electron 

withdrawing group. 

 

 
Figure 4. Termination of the free-radical thiol-ene reaction. 
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Free-radical thiol-ene polymerizations are generally fast. Moreover, they are versatile and 

multifunctional thiols can copolymerize with almost any multifunctional ene. The polymer 

networks formed have low shrinkage and uniform crosslink densities
24

. The use of thiol-

ene chemistry for fabrication of polymers has evolved from the synthesizing of bulk 

materials in the form of crosslinked networks to the fabrication of thin films, lithographic 

structures, hydrogels, macromolecules and functionalized polymers
7, 12, 14

. However, some 

drawbacks of using thiol-enes are the odor of most thiols, the poor shelf stability of many 

thiol-ene formulations before polymerization and the oxidation susceptibility of the free 

thiols into disulfides and peroxyl radicals
12, 20, 25

. 

2.3. Thiol click chemistry toolbox 
Aside from thiol-ene click chemistry, various other thiol click reactions exist. The high 

reactivity of thiols enables a broad selection of substrates capable of reacting with the 

thiols. Because of that, and the fact that thiols can react under mild conditions via radical 

or catalyzed processes, reactions with thiols are often assigned the term ‘click’. On the 

other hand, this might also be a drawback for some applications because of the 

susceptibility of several different thiol reactions occurring simultaneously. 

 

Some examples of different types of thiol click-reactions (see figure 5) are radical chain 

processes such as thiol-ene reactions, Michael addition reactions such as with electron 

poor alkenes, carbonyl addition reactions of thiols to isocyanates and nucleophilic 

substitution reactions such as ring the opening thiol-epoxy reactions. The nucleophilic 

thiol click reactions depend on the nucleophilicity of the thiolate anion and the 

electrophilicity of the substrate. These reactions are often performed with strong bases as 

catalysts
26

. Furthermore, it has been reported that thiols can react with isocyanates to form 

thiocarbamates under mild conditions
8, 27

 without using catalyst or solvent in temperature 

ranges from 25°C-70°C. The radical thiol click reaction, as described above for thiol-enes, 

generally uses ultraviolet light in combination with a photoinitiator to initiate a radical 

reaction
26

. 

 

 
Figure 5. Types of thiol click reactions where the type of reaction is a) a Michael addition b) a ring opening 

c) a carbonyl addition d) a radical chain process. EWG = electron withdrawing group, R and R’ = aliphatic 

or aromatic groups. 
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For the use in many applications, these different thiol click reactions can be utilized for 

surface functionalization by covalent bonding to silanized surfaces. For example, 

organo(alkoxy)silanes can be used as coupling agents for covalent bonding to glass 

surfaces and oxides on metal surfaces such as silicon, aluminium etc. In the case of glass 

and silicon surfaces, organo(alkoxy)silanes X-Si(OR)3, form covalent bonds to silanol 

groups -Si-OH, present at the silicon or glass surface. The covalent bonds are formed by 

hydrolysis-condensation reactions
28, 29

: 

 

X-Si(OR)3 + 3H2O  X-Si(OH)3 + 3ROH  (hydrolysis) 

 

X-Si(OH)3 + -Si(OH)3  X-Si(OH)2-O-(OH)2Si- + H2O (condensation) 

 

, where X is an organic group and the alkoxy group OR, usually is a methoxy or ethoxy 

group. By using organo(alkoxy)silanes where the X group is an epoxy-, isocyanate- or 

allylgroup, it is possible to afterwards covalently link thiols to the silicon surface by using 

the thiol click reactions described above.  

 

Other possible thiol-reactions to surfaces are the spontaneous reaction between organic 

thiol groups, such as n-alkanethiols, and surfaces of noble metals, such as gold, to form 

self-assembled monolayers abbreviated SAMs. The process for the formation of SAMs 

involves the energetic interactions of the metal-sulfur bond at the surface and the lateral 

interactions among the organic groups of the molecules
1, 30

. 
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2.4. Off-stoichiometry thiol-ene (OSTE) 
As described above, thiol-ene polymers are fabricated by using two types of monomers, a 

thiol monomer and a monomer with an ene-functional group. Now, consider xR1-(SH)m as 

the thiol with x mol monomers and yR2-(CH=CH2)n as the ene with y mol monomers, and 

let m and n be the number of functional groups on each monomer. For the fabrication of a 

thiol-ene polymer with a non-reactive surface and maximized mechanical strength, one 

strives to have an exact equal amount of functional groups xm = yn present. Off-

stoichiometry thiol-enes, abbreviated OSTE, are materials with an excess xm≠yn, of 

functionality for one of the monomer types. This will yield a polymer with remaining 

unreacted functional groups present both in the bulk and at the surface of the material as 

well
6, 8

. The off-stoichiometry for the thiol-functionality can be expressed as: 

 
  

  
      (eq.1) 

 

, where x and y is the number of moles of thiols and enes respectively, m and n is the 

number of functional groups on the each of the corresponding monomer and       is 

the percentage of functionality excess for the polymer. 

 

Carlborg et al., have introduced this concept for off-stoichiometric thiol-ene formulations 

as a construction material in the fields of microsystem technology and lab-on-chips
6
. They 

have constructed and investigated OSTE materials based upon multifunctional thiols such 

as the tetrathiol: pentaerythritol tetrakis(2-mercaptoacetate) and multifunctional allyls 

such as the triallyl: triallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione (see figure 6). 

 

 
 

Figure 6. Left: the chemical structure of pentaerythritol tetrakis(2-mercaptoacetate). Right the chemical 

structure of triallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione.  

 

The OSTE materials are fabricated via a free-radical step-growth polymerization process 

(see figure 3a). This enables a high degree of control of the number of unreacted 

functional groups present in the thiol-allyl system after polymerization. The functionality 

excess can be either of thiol or allyl type and the degree of excess will affect the resulting 

E-modulus and glass transition temperature of the polymer. With excess of functional 

monomers being present at the surface, it also enables rapid surface modification and 

bonding to several substrates through e.g. photo-initiated processes. 

 

Contact angle measurements on unmodified OSTE polymer with 90 % excess of thiol-

functionality have shown a contact angle of 76° and when modified by allyl-

functionalized poly(ethyleneglycol) the wettability changed and the contact angle was 

observed to be 48°. On the other hand, the contact angle of unmodified OSTE polymer 

with 30 % excess of allyl-functionality has been shown to have a contact angle of 68° and 

when the surface on this OSTE type was modified by thiol-functionalized 

poly(ethyleneglycol) the contact angle was observed to be 35° 
6
. Thus, the OSTE 
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polymers can be tuned to fit the desired surface wetting properties but also the mechanical 

properties as well by adjusting the off-stoichiometric mixing ratio between the thiol and 

the allyl. As an example, Carlborg et al., developed an OSTE polymer with 70 % excess 

of thiol-functionality, called OSTE-thiol(70)
8
. The polymer network had a glass transition 

temperature at 37°C and the material’s E-modulus was lowered from 200 MPa at 20°C to 

30 MPa at 37°C. 

 

Furthermore, OSTE materials with off-stoichiometric ratios up to 100% have been tested 

for leakage of non-crosslinked material, absorption of molecules into the polymer-network 

and for the resistance to common solvents. First of all, results have shown that there is 

some leakage of non-crosslinked material, oligomers and photo-initiators in chloroform 

for OSTE-thiol(90) and OSTE-allyl(30). However, no significant amount of leachables 

were extractable in water
6
. Secondly, the dense networks of OSTE polymers have also 

been observed to have significantly lower absorption of small molecules than for PDMS. 

Thirdly and last, for common solvents as toluene, iso-propanol, ethanol, methanol and 

glycerol, OSTE polymers based on pentaerythritol tetrakis(2-mercaptoacetate) and triallyl-

1,3,5-triazine-2,4,6(1H,3H,5H)-trione have been observed to be resistant to these solvent. 

However, for solvents with large dipole moment such as acetone and DMSO these OSTE 

polymers were destructively affected
8
. 

 

To sum up the properties of OSTE polymers, the polymers have/show: 

 

 tunable mechanical properties through varying the off-stoichiometry 

 minimal absorption of small molecules and  chemical inertness 

 resistance to common solvents 

 possibility for surface modifications that are patternable and stable through direct 

UV-light methods 

 possibility for biocompatible bonding at low temperatures with no need for plasma 

treatment 

 compatibility with soft lithography due to the fact that the same type of SU-8 

masters used for molding PDMS can also be used for molding OSTE  
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2.5. Conducting polymers 
A conjugated polymer consist of a backbone with alternating single- and double-bonded 

sp
2
 hybridized atoms e.g. poly(acetylene) (see figure 7). The polymer chain is more stable 

in such a state where this alternating pattern is present. 

 
Figure 7. The chemical structure of poly(acetylene). 

 

The overlapping electron cloud of pz-orbitals in the backbone forms π molecular orbitals 

between neighboring atoms in the chain, and this result in the delocalization of π electrons 

in the conjugated polymer chain
31, 32

. Delocalization of π electrons gives the conjugated 

polymer a main source for charge mobility along the conjugated length of the polymer and 

also between adjacent chains
5
. The electronic structure of conjugated polymers can be 

described in terms of energy bands (see figure 8). A conduction band with the lowest 

energy state named LUMO (lowest unoccupied molecular orbital) is formed with the anti-

bonding molecular orbitals (π*) located at higher energy in an energy diagram. The 

valance band with the highest energy state HOMO is formed with the bonding molecular 

orbitals (π) located at lower energy in an energy diagram. A band gap is present between 

the HOMO and LUMO
31

. 

 

 
Figure 8. Energy diagram for a conjugated polymer in its dimerized state described by molecular orbitals 

forming bands. 
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When an electron is excited from the HOMO level an attractive positively charged 

Coulomb force will reduce the excitation energy and it will fall below the LUMO level. 

The state formed is considered an electron-hole pair and is named an exciton. The exciton 

can annihilate under the emission of a photon or other non-radiative decay mechanisms. 

However, a conjugated polymer will conduct an electric current if the motion of free 

charges is possible in the polymer. Thus, the motion of excitons cannot contribute to an 

electric current. For the creation of free mobile charges and thus an electric current, the 

exciton needs to dissociate into a free electron or a free hole after additional energy input. 

Free charges can also be created directly by photons, by injection from electrodes or by 

doping the conjugated polymer
32

. 

 

The conductivity of the conjugated polymer is considered to increase when the band gap 

gets narrower
5
 and most conjugated polymers band gaps are within the range of 1 – 4 eV, 

which is the semiconductor to insulator range
31

. The inverse of resistivity ρ gives the 

conductivity σ and has the units of inverse ohms Ω
-1

 or Siemens S, per unit of distance 

usually in centimeters. Furthermore, doping of the conjugated system can increase the 

electrical conductivity from the undoped insulative value of ~10
-10

 S/cm, to a value of 

~100 S/cm for e.g. polyheterocyclic films. Conductivities less than 10
-8

 S/cm are 

considered for insulators, between 10
-8

 S/cm and 1000 S/cm are considered for 

semiconductors and conductivities greater than 1000 S/cm are considered for conductors
5
. 

Doping is done by increasing the level of positive p-type charge carriers or negative n-

type charge carriers through oxidation or reduction respectively. For conjugated polymers 

this can be done by exposing the polymer to a dopant gas or placement in a dopant liquid
32

. 

 

In general, the energy of the polymer chain is dependent on the geometry of the bonds in 

the chain. Such polymers often have a non-degenerate ground state. On the other hand, 

degenerate polymers have several states of equal energy such as poly(acetylene) which 

have a degenerate ground state
4, 31

. When p-type doping of a non-degenerate conjugated 

polymer is performed, a polaron which is a radical cation of a single electronic charge, 

will be created. A local change of geometry into a high energy quinoid structure will be 

associated with the creation of the charged polaron and this will in turn lead to formations 

of new energy levels in the bandgap between the valance band and the conduction band of 

the conjugated polymer. When further oxidizing the system, adjacent polarons will form 

doubly charged bipolarons. These charged species will also stabilize the high energy part 

of the polymer chain. Furthermore, the process will also generate balancing anions or 

cations as counter ions and the polymer will turn into a salt with a system net charge of 

zero
4, 5, 31

. Furthermore, the polarons of the doped polymer can be trapped by their dopant 

ion and will not be able to freely move along the polymer chain. However, charge can 

“hop” between polaron and bipolaron states if there are available states for hopping
4
. 

Hopping of charge also occurs between chains and in order to reach the metallic three-

dimensional electrical conductivity, the probability of inter-chain transport of electrons 

needs to be high and thus the degree of order in the material is important
4, 31

.  
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Poly(3,4-ethylenedioxythiophene) abbreviated PEDOT is a well known π-conjugated 

polymer with good stability, great electrical conductivity,  good film forming properties 

and electro-optic properties. The polymer has been used in many applications ranging 

from research in organic devices such as organic light-emitting diodes, photovoltaic 

devices, printable electronics to biomedical applications such as neural interconnects, 

biosensors and drug delivery
4, 5, 31

. Fabrication of PEDOT by oxidative chemical or 

electrochemical polymerization usually yields a water insoluble polymer. However, by 

polymerizing in aqueous dispersions of the polyelectrolyte poly(styrene sulfonic acid), 

PSS, the formed PEDOT:PSS polymer will be water soluble (see figure 9). And 

importantly, PSS will also act as a dopant for PEDOT
31

. 

 

  
  

Figure 9. Chemical structure of PEDOT (left) and PSS (right). 

 

The conductivity of PEDOT:PSS can be increased from ~0,8 S/cm up to 1000 times that 

value, by introducing various additives. The adhesion of the polymer to surfaces can also 

be modified by the additives used. However, due to the amounts of PSS used for 

fabrication, the PEDOT:PSS is acidic with a pH of 1,5 – 2,5 and when increasing the pH 

of the dispersion the conductivity tends to decrease. Furthermore, the dispersion of 

PEDOT:PSS is in the form of dispersed micellar structures which might limit the use of 

PEDOT:PSS in nanoscale applications
31

.  
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2.6. Cellular function on biomaterials 
In the design of biocompatible materials, the goal is to create a material with the ability to 

perform with an appropriate host response in a specific application
33

. When designing 

materials for cellular interfaces, whether for two-dimensional in vitro applications such as 

biological micro-electromechanical systems, cell cultures etc., or for three-dimensional 

applications such as scaffolds for tissue engineering, different aspects need to be 

considered when designing biocompatible materials. 

 

Especially the following main aspects of the biomaterial are important: 

 cellular adhesion and adsorption of proteins
34-36

 

 cytotoxicity and immunogenicity of the biomaterial
34-39

 

 permeability of nutrients and gasses through the biomaterial
1, 39

  

 

In vivo, cells live within the extracellular matrix, ECM, which  is a complex and dynamic 

microenvironment consisting of an array of proteins and carbohydrates making it possible 

for the adhesion of cells as well as giving the tissue its structure and mechanical support
40, 

41
. For the analysis of cell cultures etc., the cells are typically removed from a host 

organism and placed in an environment unlike their physiological environment. Even if 

this new environment is biocompatible, the cells tend to lose many of their normal 

functions due to reasons not yet fully understood
41

. For in vitro applications, such as cell 

analysis and microfluidics etc., the key for future development is the understanding of 

cellular interaction with the surface of materials. On the micro- and nanoscale
36

, the 

behavior and phenotype of cells on surfaces are strongly affected by the 

chemical/molecular composition and surface topography
34, 36, 41

. Cells can adhere to 

surfaces via non-receptor-mediated bindings. In that case, the interaction between the cell 

and the surface is via non-specific weak chemical bonding such as polar, ionic and 

electrostatic interactions or via hydrogen bonding. However, the survival of anchorage 

dependent cells on surfaces with non-receptor-mediated interactions is dependent on the 

ability for these cells to synthesize and deposit their own ECM proteins. If the deposition 

does not take place within a day after seeding, the cells undergo apoptosis. On the other 

hand, if ECM proteins such as fibronectin, vitronectin, collagen or laminin etc. are present 

on the material surface, receptor-mediated interactions via integrins on the cells and 

adhesion motifs on the ECM proteins is possible. However, the minimum adhesion motif 

should contain at least three amino acids represented by Arg-Gly-Asp abbreviated RGD
34, 

40
. The integrins are transmembrane receptors which connects the intracellular 

cytoskeleton to ligands decorating the ECM. The binding induces integrins to cluster into 

focal adhesions which in turn trigger a cascade of intracellular signaling that controls 

growth, migration, differentiation and other behaviors
41

.  

 

Several physical and chemical properties of the surface, e.g. wettability, presence of 

functional groups, substrate stiffness, external forces, charge, surface roughness and 

topography, porosity etc., influence the biocompatibility of the material. For example, it 

has been observed that many synthetic polymers are too hydrophobic or hydrophilic for 

optimal adsorption and that intermediate wettability gives better results
34

. Furthermore, 

the chemical properties of the polymeric materials can give rise to cytotoxicity for 

example by deviation from physiological pH or by the presence of cytotoxic levels of 

residual chemicals. Certain functional groups on polymer chains can greatly change the 

pH of the surrounding environment as well as acidic degradation products from certain 

materials. Non-polymerized monomers or oligomers have been shown to leach from 
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polymers. Studies of in vitro cell cultures indicate that leaching of uncured monomers 

from photopolymerized polymers, results in cytotoxic effects
42

. By increasing the degree 

of polymerization and thus increasing the crosslinking of the polymer network, the 

number of molecules available for leaching into the surrounding environment will become 

more limited. Furthermore, by extracting residual molecules from the polymer network, 

biocompatibility might be improved. The ability to extract low molecular weight 

extractables is influenced by the ability of the extraction solvent to penetrate and swell the 

polymer network. The biocompatibility is often influenced by the extraction of 

unpolymerized components both from the surface and the bulk of the polymer network
42

. 

 

Photoinitiators used for initiation of crosslinking in polymers have been shown to be 

cytotoxic when used in high concentrations
33

. A photoinitiator is a molecule that will be 

excited or dissociated into a high-energy radical state when exposed to photons. The free 

radicals formed from photoinitiation of these chemicals can then drive the 

photopolymerization process in a monomer solution which results in a polymer network
13, 

16
. When photopolymerizing polymers in the presence of cells, cell death from oxidative 

damage on cell membranes, nucleic acids and proteins, might be induced when the high-

energy radicals are formed in the process. However, the oxidative damage can vary 

depending on cell type and proliferation rate
43

. Thus, different cell types might be affected 

to a varying degree by the photoinitiator used. An extensively used photoinitiator for 

crosslinking biocompatible materials is 2-hydroxy-4’-(2-hydroxyethoxy)-2-

methylpropiophenone), Irgacure 2959. This photoinitiator is efficiently photodissociated 

and have shown low cytotoxicity in its native form. However, the radical form of the 

photoinitiator have been reported to exhibit cytotoxicity
44

. 

 

Depending on the cell type, the material stiffness of the surface substrate appears to 

influence the adhesive forces, proliferation and differentiation. The stiffness of the 

substrate determines the extent of cell spreading and the magnitude of the adhesive forces. 

Compared to a stiff substrate, neurons have been observed to prefer growing on soft 

substrates where they have been seen to form branches. However, some normal human 

cells have the ability to sense different level of stiffness but some indefinitely proliferating 

malignant cells have been observed not to have this ability. Thus pathologies can result 

from changes in tissue stiffness e.g. scar and/or tumor tissue
41

. 
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2.7. Nanofluidics for DNA 
Polymer chains with high backbone rigidity such as the polyelectrolyte DNA can be 

treated with the worm-like chain model. In this model the DNA chains are treated as coils 

which exhibit both local rigidity and long-range flexibility
45

. A parameter that measures 

the chain stiffness of DNA is the persistence length. DNA can be stretched in nanofluidic 

devices with channels of dimensions in the region of the persistence length of DNA which 

is around 50 nm
46, 47

. At this channel dimensions the energy for DNA to form a coil is 

greater than the thermal energy kBT, where T is temperature and                    

is the Boltzmann’s constant. This gives a low probability of coil formation, and the DNA 

polymer will be undulating between the channel walls
48

.  Depending on the dimensions on 

the channels and the buffer conditions in the solution containing the DNA, the chain can 

be linearized and extended up to 60% of its contour length
45

. This method has potential 

for optical mapping devices, where hundreds of DNA molecules rapidly can be flowed 

through a fluorescence microscope and mapped in parallel
47

. 

 

For the optical studies of stretched DNA in nanofluidic channels, several properties of the 

materials used for fabrication needs to be considered. The material need be optically 

transparent with minimal surface roughness. Too rough surfaces might cause DNA to 

stick or entangle in the channels. Sealing of the channels is also important for the function. 

Furthermore, the surface of the channels needs to be hydrophilic in order to allow the 

DNA solution wet the channels
48

. Construction of nanochannels from hard materials e.g. 

silicon or quarts wafers require expensive lithographic equipment e.g. e-beam lithography 

and clean-room facilities. The limitations of hard materials are overcome by using soft 

lithography based on e.g. PDMS. Unfortunately, the mechanical instability of PDMS 

leading to collapsed structures, limits the use for structures less than 100 nm
45

. However, 

it has been reported that DNA molecules have been stretched up to 60% of their polymer 

contour length in disposable PDMS devices having 100 nm high x 1µm wide slits. In this 

case, the DNA was electro-kinetically loaded into the nanoslits under low ionic strength 

conditions. However, the avoidance of biochemically meaningful salt concentrations 

causes problems when using most DNA enzymes for genomic analysis and in lower ionic 

strengths buffers some fluorescent dye molecules may show altered performance
45, 48

. 
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3. Methods, experiments and results 
In this chapter, the materials and instrumentation used in the project are listed first. Then the 

methods, experiments and the corresponding results from the laboratory pre-studies are 

presented. In the last four sections the methods, experiments and results from the experiments 

designed for investigating goal d-f (see section 1.4.) are presented. 

3.1. Chemicals and instruments 
In this part, the first section will give information of all chemicals and materials used in 

the work. The second section will give information of all instruments used in the work. 

3.1.1. Chemicals and materials 
Monomers used for the fabrication of OSTE polymers were the tetra-thiols: 

pentaerythritol tetrakis(2-mercaptoacetate) and pentaerythritol tetrakis(3-

mercaptopropionate), the tri-thiol: tris[2(3-mercaptopropionyloxy)ethyl]isocyanurate] 

and the tri-allyl: triallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione. All monomers were 

obtained from Sigma-Aldrich except pentaerythritol tetrakis(2-mercaptoacetate) which 

were obtained from Tokyo Chemical Industry CO., LTD., Tokyo Kasei. 

 

The photoinitiators used were Irgacure 2959: 2-hydroxy-4’-(2-hydroxyethoxy)-2-

methylpropiophenone) from Sigma-Aldrich, Irgacure 184: 1-hydroxycyclohexyl-

phenyl-ketone from Sigma-Aldrich, benzophenone from MERCK-Schuchardt and 

TPO-L: ethyl-2,4,6-trimethylbenzoylphenylphosphinate that was kindly provided by 

Tommy Haraldsson from Microsystem Technology at the Royal Institute of 

Technology, Stockholm, Sweden. Chloroform was used to dissolve Irgacure 2959, 

methanol or toluene was used to dissolve benzophenone and for TPO-L no solvent 

was needed because the chemical is liquid at room temperature. 

 

For surface modifications, the polymers PEGMA: poly(ethyleneglycolmethacrylate) 

and PEGDA: poly(ethyleneglycoldiacrylate) was used. These two chemicals were 

purchased from Sigma-Aldrich. PEGMA had an average molecular weight of 526 

g/mol and PEGDA had an average molecular weight of 575 g/mol. These polymers 

were either dissolved in methanol or toluene together with either Irgacure 2959 or 

benzophenone. 

 

Base and curing agent from Dow Corning Sylgard 184, ChemTech AB, were used for 

the fabrication of PDMS: poly(dimethylsiloxane). 

 

For the adsorption of PEDOT:PSS on OSTE, a water dispersion of PEDOT:PSS was 

used. PEDOT:PSS (VP AI 4083) was purchased from H.C. Starck. Some PEDOT:PSS 

formulations had combinations of Zonyl FS-300 from chemika/Fluka, Silquest A-187 

from Momentive Performance materials GmbH, diethyleneglycol from Sigma-Aldrich 

and glycerol from Sigma-Aldrich. 

 

PVP: poly(vinylpyrrolidone) with a molecular weight average of 10 000 g/mol from 

Aldrich chemical company inc, and the UV-light curable optical adhesive: NOA71 

from Norland products inc, were used for the MIMIC, experiments. The PVP polymer 

was dissolved in ethanol in the experiments. 
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The HEP G2 cells used for cell seeding experiments were from a hepatoma cell line 

purchased from American Type Culture Collection, ATCC. 

 

For the investigation of OSTE micro- and nanochannels, water solutions of a 

fluorescein isothiocyanate (FITC) labeled anti-streptavidin antibody was used. 

3.1.2. Instrumentation 
For polymerization of thick films an ultraviolet lamp was used. The UV-lamp used 

was a Vilber Lourmat VL 208 BL, 2x8 W unfiltered black light lamp with the 

wavelength 365 nm at the intensity of 1400 µW/cm^2 at 15 cm. For bonding of OSTE 

materials or polymerization of thin OSTE films, a Hoefer UVC 500 Ultraviolet 

Crosslinker with the wavelength of 254 nm was used. The energy of irradiation onto 

the samples could be varied by adjusting the irradiation time for the UV-crosslinker. 

 

SU-8-Si masters for molding OSTE and PDMS, were provided by Anders Elfwing at 

Biomolecular and Organic Electronics, The Institution for Physics, Chemistry and 

Biology at Linköping University. 

 

Oxygen plasma treatments were performed using a plasma vacuum chamber from 

Diener electronic. 

 

For light transmission analysis, a Perkin Elmer Precisely Lambda 950 spectrometer 

was used in the ultraviolet-visible range, and a Vertex 70 FTIR instrument from 

Bruker at transmission mode was used for infrared measurements. 

 

Differential scanning calorimetry was performed using a DSC Q2000 from TA 

Instruments. 

 

The instrument used for spin-coating of OSTE materials was a spin150 spin-coater 

from SPS-Europe. 

 

For profilometry measurements, the instrument used was a DEKTAK M6 instrument 

from Veeco and for film thickness measurements, ellipsometry was performed using a 

RC2 Ellipsometer from J.A. Woollam Co., Inc. 

 

Contact angle measurements were performed with an optical contact angle meter with 

a cam 200 system from KSV instruments. 

 

For the cell seeding experiments, fluorometry measurements were done using a 

FLUOstar Galaxy fluorometer from BMG Lab technologies. 

 

For scanning electron microscopy of OSTE channels, the instrument used was a LEO 

1550 Gemini. 

 

For light microscopy a Nikon SMZ1000 microscope was used for fluorescent 

microscopy experiments a Zeiss Axiovert 200M with 546/12 reflector excitation filter, 

was used. 
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3.2. Laboratory pre-studies 
In this chapter the first section will describe the method for preparing the different OSTE 

materials used in the project work. In the following sections of this chapter each 

laboratory pre-study experiment will be described and followed by the achieved results in 

the corresponding experiment. 

3.2.1. Fabrication of OSTE 
As described in the theory section, OSTE materials are made with a desired 

percentage of either thiol or ene excess. When calculating the amount of thiol and ene 

needed for a specific off-stoichiometric ratio, eq. 1 from section 2.4. is used: 

 
  

  
      (eq.1) 

 

, where x and y are the molar amount of thiols and enes respectively, m and n are the 

number of functional groups present at each of the corresponding monomer and 

      is the percentage of functionality excess for the resulting polymer. The 

nominator in the expression should correspond to the type of monomer for which 

functionality excess is desired. The functionality excess corresponds to unreacted 

functional groups on the monomers present in the OSTE material. 

 

The OSTE-thiols and OSTE-allyls used in this work are: 

 OSTE-PTMA which is made from the tetra-thiol monomer PTMA: 

pentaerythritol tetrakis(2-mercaptoacetate) and the tri-allyl monomer 

TATATO: triallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione 

 OSTE-PTMP which is made from the tetra-thiol monomer PTMP: 

pentaerythritol tetrakis(3-mercaptopropionate) and the tri-allyl monomer 

TATATO: triallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione 

 OSTE-TATATO (OSTE-allyl) which is made from the tri-thiol monomer: 

tris[2-(3-mercaptopropionyloxy)ethyl]isocyanurate and the tri-allyl monomer 

TATATO: triallyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione 

 

The thiol or allyl monomer excess is indicated by a percentage after the polymer name, 

e.g. OSTE-PTMA 90%, which tells that the OSTE material have an excess of 90% 

PTMA-functionality. The monomers used in this work are liquid in room temperature 

and no solvent is needed for the monomer mixing. In addition, the thiol monomers 

give rise to an odor which becomes less intense after the polymerization. 
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In the fabrication process, the desired amount of each monomer is weighed and mixed 

together with the other monomer in a test tube. For faster polymerization at the 

ultraviolet wavelength of 365 nm, a suitable photoinitiator is used. The amount of 

about 0,5 wt% photoinitiator is added to the monomer mixture. See appendix A for 

monomer and photoinitiator amount used for OSTE-PTMP fabrication.  

 

The types of photoinitiators used in this work were: 

 IR2959 is a photoinitiator commonly called Irgacure 2959: 2-hydroxy-4’-(2-

hydroxyethoxy)-2-methylpropiophenone). The initiator is in the form of a 

white powder 

 TPO-L is a photoinitiator with the chemical name of ethyl-2,4,6-

trimethylbenzoylphenylphosphinate. The photoinitiator is liquid in room 

temperature 

 BP is a photoinitiator with the chemical name benzophenone. The initiator is in 

the form of a white powder 

 IR184 is a photoinitiator commonly called Irgacure 184: 1-

hydroxycyclohexyl-phenyl-ketone. The initiator is in the form of a white 

powder 

 

Either TPO-L or IR2959 were used for photoinitiation of OSTE polymerization. 

However, TPO-L is used for rapid polymerization (within seconds) and for more 

throughout curing of the formed polymer network. IR2959 did not dissolve completely 

when mixed with the OSTE monomer mixture and therefore chloroform was used for 

dissolving the photoinitiator. However, TPO-L which was in the form of a liquid did 

not need any solvent when mixed with the OSTE mixture. BP was used for initiation 

during surface modifications and IR184 was used for initiation for 

homopolymerization of PEGDA.  

 

Furthermore, the OSTE prepolymer mixture consisting of thiol monomers, allyl 

monomers and photoinitiator is mixed thoroughly before pouring or pipetting the 

mixture onto the desired molding template followed by photopolymerization. Molding 

methods are described in section 3.4. The mixture can be stored in a dark and cold 

place for several days. 
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3.2.2. Initial cell studies on OSTE 
Samples of OSTE materials were fabricated and sent to Karolinska Institutet in 

Stockholm for the investigation of biocompatibility of the materials. Neural stem cells 

were seeded with the presence of FGF2 (fibroblast growth factor 2) on OSTE 

materials in a corning 3506 six-well plate. OSTE-PTMA 154% polymer films 

fabricated with or without combinations of  0,5 wt% IR2959 and 10-20 wt% of 

chloroform were placed in four of the wells, as a positive control a 1x1 cm
2
 piece of 

PDMS was placed in one well, the last well was empty and was exposing the 

poly(styrene) surface of the bottom of the well. The six-well plate had been oxygen 

plasma treated prior to placing the samples in the wells. 

 

Results 
The seeded neural stem cells were avoiding the OSTE-PTMA 154% polymer films 

that had been fabricated with IR2959 and chloroform and rather grew on the 

surrounding poly(styrene) surface. OSTE-PTMA 154% polymer films fabricated 

without chloroform and IR2959 had not been successfully polymerized and the films 

were washing out during PBS buffer change. However, cells were able to grow on the 

PDMS-substrate at least for 48 h. Due to the fact that the polymer films without 

IR2959 and chloroform not had been successfully polymerized, it was not possible to 

tell from the experiment if the photoinitiator and/or solvent used had a negative effect 

on the cell viability. Therefore further experiments were designed to successfully test 

samples without the presence of IR2959 and chloroform (see section 3.3.1.). 

3.2.3. UV/VIS- and FTIR- spectroscopy of OSTE films 
The transparencies of three different ~1 mm thick films of OSTE materials were 

investigated. 

These were: 

 OSTE-PTMA 154% polymerized with 0,1 wt% IR2959 and 6 wt% chloroform 

 OSTE-PTMA 90% polymerized with 0,4 wt% TPO-L 

 OSTE-TATATO 30% polymerized with 0,45 wt% TPO-L 

 

The photopolymerization occurred at 365 nm UV-light at the intensity of ~1,4 

mW/cm
2
. Light transmissions through the films were investigated in the range of 200 

– 1500 nm, with a UV/VIS spectrometer. The sample films were attached to a slit in 

which the light passed through and background data was collected from the presence 

of ambient air at room temperature.  
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To prove the presence of the thiol functional groups in the polymer network, an 

investigation of the bulk chemistry for two ~1 mm thick films of OSTE materials were 

done by using Fourier transform infra red spectroscopy, FTIR. 

 

The OSTE materials investigated were: 

 OSTE-PTMA 154% polymerized with 0,1 wt% IR2959 and 6 wt% chloroform 

 OSTE-PTMA 90% polymerized with 0,5 wt% IR2959 and 10-20 wt% 

chloroform 

 

The photopolymerization occurred at 365 nm UV-light at the intensity of ~1,4 

mW/cm
2
. Firstly, reference spectra were attained for the monomers used for the 

fabrication of the OSTE materials. A small concentration of each monomer dissolved 

in chloroform, were applied on KBr-tablets prior to analysis using a FTIR instrument 

at transmission mode. The KBr-tablets had previously been placed in vacuum chamber 

for 20 minutes to remove presence of moisture due to humidity in ambient air. The 

sample chamber in the FTIR-instrument was continuously purged with nitrogen gas. 

Reference spectra were attained for the PTMA-monomer, for the TATATO-monomer, 

for the photoinitiator IR2959 and for chloroform. 

 

Results 

UV/VIS spectroscopy results showed that the sample which consisted of ~1 mm thick 

OSTE-PTMA 154% polymer was transparent in the visible region and down to ~350 

nm. Absorption was observed for wavelengths lower than 350 nm. The samples that 

consisted of ~1 mm thick OSTE-PTMA 90% and OSTE-TATATO 30 % were also 

transparent in the visible region. However, these were only transparent down to ~420 

nm. These two samples had been photopolymerized with a different type of 

photoinitiator compared to OSTE-PTMA 154 % (see figure 10). 

 

 
Figure 10. The films of OSTE-PTMA 90% and OSTE-TATATO 30% were photopolymerized with 

TPO-L and absorbs at wavelengths lower than ~420 nm. The OSTE-PTMA 154% was 

photopolymerized with IR2959 and absorbs at wavelengths lower than ~350 nm. 
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FTIR transmittance spectra for the PTMA monomer and the TATATO monomer can 

be seen in figure 11. From the measurement data a thiol S-H stretching vibration could 

be observed at 2575 cm
-1

 for the PTMA monomer and no such peak was observed for 

the TATATO monomer. As expected the same peak could also be observed from 

measurement data for the films of OSTE-PTMA 154% and OSTE-PTMA 90% (see 

figure 12) as also previously described
6
. 

 

 
Figure 11. Infrared transmittance spectra for PTMA and TATATO monomers. S-H stretching vibration 

at 2575 cm
-1

 is indicated by the arrow. 

 

 
Figure 12. Infrared transmittance spectra for ~1 mm thick OSTE-PTMA films. S-H stretching at 2575 

cm
-1

 is indicated by the arrow.  
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The result from UV/VIS spectroscopy suggested that the polymerized OSTE materials 

were transparent in the visible region. However, the presence of TPO-L might have 

caused some absorption at ~420 nm and a weak yellow tone could be observed by 

visual inspection of these polymers. The IR transmittance spectra indicated that there 

were free thiol monomers left in the polymerized material. Otherwise, the thiol 

vibration peak should have been suppressed. However, as seen in figure 12, the peaks 

were very broad and deep. This might have been due to the fact that the ~1 mm thick 

polymer films tested were too thick. For practical reasons thinner films were not 

investigated. It has previously been shown by using Raman spectroscopy that the 

absorption peak for the thiol monomer decreases during polymerization of OSTE with 

allyl monomer excess
6
. Thus, it would also have been interesting to study the decrease 

of the thiol peak for OSTE 0% compared to OSTE 90%. This was not done in this 

project, however the goal was to study the transparency in the UV to IR region, thus 

these results were sufficient to move further on in the project. 

3.2.4. Investigation of the glass transition of OSTE materials by DSC 
To investigate how monomer excess can affect the mechanical properties of the OSTE 

materials, differential scanning calorimetry, DSC, was performed to measure the glass 

transition of the materials. The glass transition is where the material goes from a hard 

glass like state to a more flexible and rubber-like state. DSC is a technique used to 

analyze several thermal events occurring in a material e.g. glass transition, 

recrystallization, melting etc. when the temperature is changing. In the technique used 

in this work a reference pan and a sample pan was used. They are placed in a furnace 

which will be heated according to a pre-programmed temperature cycle. When 

temperature is ramped there will be a temperature difference between the sample pan 

and the reference pan. The energy required to compensate for this temperature 

difference and keep both pans at the same temperature is measured and plotted as a 

function of temperature
49

. 

 

The samples investigated in this project consisted of 4-5 mg of: 

 OSTE-PTMA 90% polymerized with 0,5 wt% IR2959 and 10-20 wt% 

chloroform 

 OSTE-PTMA 154% polymerized with 0,05 wt% IR2959 and 6 wt% 

chloroform 

 OSTE-PTMP 152% polymerized with 0,1 wt% IR2959 and 6 wt% chloroform 

 OSTE-PTMA 90% polymerized with 0,4 wt% TPO-L 

 

The photopolymerization occurred at 365 nm UV-light at the intensity of ~1,4 

mW/cm
2
. For the analysis, Tzero aluminum pans and lids were used. The reference 

pan for each analysis was an empty Tzero aluminum pan. In order to create a known 

thermal history for the samples, a heat-cool-heat cycle was performed on each sample. 

For each sample, the temperature was first equilibrated at 15°C, and then ramped up to 

195°C with 10°C/min followed by cooling ramp at 10°C/min to -30°C. The samples 

were then at isothermal for 5 min before the last heating ramp in the cycle raised the 

temperature to 150°C with 10°C/min, while collecting data. 
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Results 

Preliminary results from measurement data (see figure 13 and table 1) were suggesting 

that a higher percentage of thiol monomer excess lowers the temperature for the glass 

transition range of the polymers. However, as seen in figure 14, the use of 

photoinitiator and/or solvent in the fabrication process of the polymers, may also have 

affected the temperature range in which the glass transition of the polymers occurred. 

Furthermore, the glass transition for OSTE-PTMA 90% which has been fabricated 

without chloroform (see table 1), is below the previously reported glass transition
6
 at 

35°C. However, besides from errors made in the OSTE fabrication, the use of different 

thermal analysis methods can be a reason for varying results. In addition, using 

different heating rates can also cause data variations. 

 

 
Figure 13. Differential scanning calorimetry curves for different types of OSTE-thiols. The glass 

transition can be seen as a “smooth step” in the graphs. Exothermic up. IR2959 had been used as 

photoinitiator for the polymerization of these samples.  
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Figure 14. Differential scanning calorimetry curves for OSTE-thiols cured with two different types of 

photoinitiators. The glass transition can be seen as a “smooth step” in the graphs. Exothermic up. 

 

From these results it was concluded that the glass transition of the OSTE materials 

could be tuned by varying the off-stoichiometry for the OSTE formulation, but also by 

using a solvent or different photoinitiators in the fabrication process to influence the 

properties of polymerized network. The glass transition tuning can be used for 

attaining the desired mechanical stiffness at a certain temperature. 
 

Material Photoinitiator Chloroform used in 

fabrication process 

Glass transition range* 

Tg [°C]  

(extrapolated onset, 

extrapolated end) 

OSTE-PTMA 90% 0,4 wt% 

TPO-L 

Not used (13, 31) 

OSTE-PTMA 90% 0,5 wt% 

IR2959 

10-20 wt% (12, 21) 

OSTE-PTMA 154% 0,05 wt% 

IR2959 

6 wt% (-13, -2) 

OSTE-PTMP 152% 0,1 wt% 

IR2959 

6 wt% (-18, -11) 

Table 1. Glass transition ranges for different OSTE-thiols. * Extracted values from data analysis using 

software associated with the DSC instrument. 
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3.2.5. Spin-coating of OSTE, profilometry and ellipsometry 
In order to create thin films of OSTE-PTMA 90% on silicon-substrates, spin-coating 

was used. The silicon-substrates used had previously been TL-1 washed with milli-Q 

water, NH3 and H2O2  in a 5:1:1 ratio at 80°C for ~15 min before oxygen plasma 

treatment. Prior to spin-coating, the silicon-substrates were flooded with the OSTE 

prepolymer mixture to ensure homogeneous distribution of the mixture on the 

substrate. 

 

Three different methods were tested in order to evaluate which one of them that was 

the most successful for spinning thin and homogeneous films: 

i. The prepolymer mixture of OSTE-PTMA 154% was mixed with 0,5 wt% 

IR2959 and 6 wt% chloroform. The mixture was then spin-coated at velocities 

of 1000-3000 rpm with acceleration of 500 rpm/second at 60 seconds 

ii. 6 wt% of OSTE-PTMA 90% prepolymer mixture was dissolved in chloroform 

and 0,5 wt% IR2959 of the weight of OSTE-PTMA, was then added. The 

mixture was then spin-coated at 2000 rpm with acceleration of 500 rpm/second 

at 60 seconds 

iii. 10 wt% OSTE-PTMA 90% prepolymer mixture was dissolved in toluene and 

0,5 wt% IR2959, of the weight of OSTE-PTMA, was then added. The mixture 

was then spin-coated at 3000 rpm with acceleration of 500 rpm/second at 60 

seconds 

iv. 1 wt% OSTE-PTMA 90% prepolymer mixture was dissolved in toluene and 

0,5 wt% IR2959, of the weight of OSTE-PTMA, was then added. The mixture 

was then spin-coated at 1000 - 3000 rpm with acceleration of 500 rpm/second 

at 60 seconds 

 

After spin-coating, the samples were photopolymerized at 365 nm UV-light at the 

intensity of ~1,4 mW/cm
2
. 

 

Profilometry was used for the qualitatively investigation of the thickness of a thin 

spin-coated film of OSTE-PTMA 90%. The film was fabricated by method iv. The 

sample surface was carefully scratched with a pair of tweezers (see figure 15) and the 

depth of the scratch was then investigated by using a profilometer which registers the 

motion of a scanning low force surface contact stylus. 

 

 
Figure 15. A small scratch was made on the surface of a silicon substrate with spin-coated OSTE-

PTMA 90%. 

Scan direction 
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Afterwards, thickness verification was made with an ellipsometry measurement on a 

small area (~mm
2
) of the sample surface. In ellipsometry the change in polarization of 

light that is reflected from a thin and flat film surface is utilized to optically examine 

the properties of the thin film. The change is described by the ellipsometric parameters 

Ψ and Δ. These can be used for estimation of thickness and refractive index of the 

film
50, 51

. In the experiment, Δ and Ψ measurements were taken at the angles of 

incidence 40°, 50° and 60° while scanning over the wavelength interval of 254 nm to 

1690 nm. The two-term Cauchy equation was used to model the refractive index as a 

function of wavelength: 

 

       
 

  
  (eq.2) 

 

, where   is the refractive index,   is the wavelength,   and   are constants obtained 

from fitting the Cauchy model to measurement data. The model is valid for transparent 

materials. 

 

Results 

When testing method i, spin-coating of OSTE-PTMA 154% resulted in thick and 

inhomogeneous films after spinning. In method ii, evaporation of the chloroform in 

the prepolymer mixture occurred relatively quickly after that the mixture had been 

applied to the silicon substrate before spin-coating. The resulting films from spin-

coating were inhomogeneous and showed regions with defects in the form of holes 

and bubbles in the film (see figure 16). 

 

 
Figure 16. Spin-coated 6 wt% OSTE-PTMA 154 % in chloroform. 

 

In method iii, toluene solvent was used. Toluene has lower vapor pressure than 

chloroform and the toluene-prepolymer mixture did not evaporate as fast as the 

chloroform-prepolymer mixture did. Spin-coating of the 10 wt% OSTE-PTMA 90% 

mixture resulted in more thin films than previous tests. Interference effects could be 

seen on the sample surface. However, the films had defects in the form of bubbles (see 

figure 17). 
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Figure 17. Spin-coated 10 wt% OSTE-PTMA 90% in toluene. 

 

In method iv, lowering the amount of OSTE-PTMA 90% from 10 wt% to 1 wt% in the 

toluene solvent resulted thin and homogenous films. Obvious signs of interference 

effects at the edges of the silicon substrate were seen (see figure 18). 

 

 
Figure 18. Spin-coated 1 wt% OSTE-PTMA 90% in toluene. 

 

For further investigation of the spin-coated films using method iv, the thickness of a 

spin-coated film of OSTE-PTMA 90% was investigated using profilometry. From the 

profilometry data it could be seen that the depth of a scratch on the surface was ~40 

nm (see figure 19). 
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Figure 19. The depth profile of a film of OSTE-PTMA 90% on a silicon substrate. The sharp peaks are 

due to the edge roughness created when scratching the surface using a pair of tweezers. 

 

From an ellipsometry measurement on the OSTE-PTMA 90% film, data suggested a 

thickness of ~38 nm. Thus, the profilometry measurement gave a reasonable estimate 

of the thickness. Furthermore, ellipsometry measurement data (see figure 20) could 

also be used for obtaining the refractive index of the film as a function of wavelength 

(see figure 21). 

 
Figure 20. Psi and delta data from ellipsometry measurement. 
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The refractive index was obtained by using the two-term Cauchy equation (eq.2) 

together with the parameters A= 1,5590 and B= 0,0087 obtained from fitting the 

measurement data to the model: 

  

            
      

  
 

 

In the visible region, the OSTE-PTMA 90% film was transparent (see figure 10) and 

had a refractive index between 1,577 and 1,613 from 700 nm to 400 nm. 

  

Figure 21. Refractive index of a ~40 nm thick OSTE-PTMA 90% film on silicon as a function of 

wavelength. The refractive index is shown in the wavelength region where the film is transparent and 

the Cauchy equation is valid. 

 

These results gave knowledge on how to create thin films of the material for several 

applications e.g. lithography, coatings etc. Results from the ellipsometry measurement 

gave information on the optical property of the thin film which might also be useful 

information for these applications. However, more measurements would be useful to 

create a “spin-curve” for investigating how the thickness of spin-coated OSTE varies 

with spin speed. 
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3.2.6. Wetting properties of OSTE and surface modification 
In the experiments described in this section, the contact angles of water drops on 

OSTE materials were investigated. Contact angles were optically measured on drops 

sitting on a flat surface of the investigated material. Typically the contact angles of 

more than one water drop were measured on each surface. 

 

In the first experiment, the contact angles were investigated on OSTE-PTMA 90% 

spin-coated silicon substrates (see table 2). The silicon substrates had prior to spin-

coating been TL-1 washed and oxygen plasma treated and the surfaces were fabricated 

by using method iv as described in section 3.2.5. For comparison, the contact angle of 

water drops on two uncoated oxygen plasma treated silicon substrates was also 

measured. The contact angle was measured on the following surfaces: 

 

Surface Spin speed & acceleration Spin time 

OSTE-PTMA 90% 2000 rpm, 500 rpm/second 60 seconds 

OSTE-PTMA 90% 1000 rpm, 250 rpm/second 60 seconds 

Silicon + toluene 1000 rpm, 250 rpm/second 60 seconds 

Two uncoated silicon surfaces - - 

Table 2. Spin-coated surfaces that were investigated using contact angle measurements. 

 

To lower the contact angle of OSTE-thiols, two experiments for surface modification 

were evaluated. In the first experiment, OSTE-PTMA 90% surfaces were UV-grafted 

with either PEGDA or PEGMA in methanol solutions. In the second experiment, UV-

grafting using PEGMA in either toluene or methanol was investigated. Due to the fact 

that several surface modification solutions were methanolic, the contact angle for 

methanol on a surface of OSTE-PTMP 90% was also investigated. However, the drop 

was spreading on the surface of the material so quick that no data could be collected. 

Thus the contact angle for methanol on other OSTE-thiols is suggested to be low. 

Common for all surface modification methods tested was that the surface modification 

solutions were first applied to the OSTE polymer surfaces. The OSTE polymers had 

been polymerized in PDMS molds. After polymerization the OSTE materials were 

removed from the PDMS molds and washed with the same type of solvent used for the 

surface modification solution. The OSTE-thiol surfaces were then incubated with the 

surface modification solution for a few minutes before the surfaces were exposed to 

UV-light at 365 nm and the intensity of ~1,4 mW/cm
2
. After a few minutes of UV-

exposure the surfaces were washed with the same type of solvent used for the surface 

modification solution. After washing, the surfaces were dried with nitrogen gas. 
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The following two main experiments were used to prepare modified OSTE-thiol 

surfaces for contact angle measurements: 

I. a) OSTE-PTMA90/ 0,5M PEGDA-MeOH  

Three surfaces of OSTE-PTMA 90% polymerized with 0,3 wt% TPO-L, were 

modified with 0,5 M poly(ethyleneglycoldiacrylate), PEGDA, + 1 wt% IR2959 

of the weight of PEGDA, in methanol. 

 

b) OSTE-PTMA90/ 0,5M PEGMA-MeOH  

One surface of OSTE-PTMA 90% polymerized with 0,3 wt% TPO-L, were 

modified with 0,5 M poly(ethyleneglycolmethacrylate), PEGMA, + 1wt% 

IR2959 of the weight of PEGMA, in methanol. 

 

c) OSTE-PTMA90 

One surface of unmodified OSTE-PTMA 90% polymerized with 0,3 wt% 

TPO-L was used for comparison in contact angle measurements. 

 

II. a) OSTE-PTMP90/ 5% PEGMA-toluene  

Four surfaces of OSTE-PTMP 90% polymerized with 0,3 wt% TPO-L was 

modified with 5 wt% PEGMA + 1 wt% BP of the weight of PEGMA, in 

toluene. 

 

b) OSTE-PTMP90/ 5% PEGMA-MeOH 

Three surfaces of OSTE-PTMP 90% polymerized with 0,3 wt% TPO-L was 

modified with 5 wt% PEGMA + 1 wt% BP of the weight of PEGMA, in 

methanol. 

 

c) OSTE-PTMP90 

Two surfaces of unmodified OSTE-PTMP 90 % polymerized with 0,3 wt% 

TPO-L was used for comparison in contact angle measurements. 

 

Data from contact angle measurements were evaluated with one-way ANOVA F-test 

analysis using Minitab 15 software. Tukey-Kramer’s method was used to compare 

pairs of means with 95% simultaneous confidence intervals (see appendix B). 

 

Results 
The contact angle of water drops on spin-coated OSTE-PTMA 90% surfaces are 

presented in table 3: 

 

Surface coating Spin speed & acceleration Contact angle [°] 
Mean ± stand. deviation 

OSTE-PTMA 90% 2000 rpm, 500 rpm/second 73,4 ± 0,4 

OSTE-PTMA 90% 1000 rpm, 250 rpm/second 75,7 ± 0,7 

Silicon + toluene 1000 rpm, 250 rpm/second 21,2 ± 2,7 

Silicon (no coating) - 11,2 ± 3,1 

Silicon (no coating) - 9,2 ± 2,1 

Table 3. Contact angle of water on OSTE-PTMA spin-coated silicon substrates. Three water drops 

were measured on each surface. 
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Thus, compared to the bare silicon substrates the OSTE-PTMA 90% coating increases 

the contact angle for water. As seen in table 4, the contact angle for water on a thick 

film of OSTE-PTMA 90% is 65,3°  ± 2,4°. Furthermore, by UV-grafting of PEGDA 

or PEGMA, the contact angle for water on the OSTE materials was lowered to less 

than ~52° (see table 4 and figure 22-23) when using methanol as solvent for the 

grafting polymers. 

 

Table 4. Contact angle for water on surface modified OSTE materials. MeOH is short for methanol.  

 

Data suggests (see table 4, figure 22 and 23 and appendix B) that 0,5 M PEGDA, 0,5 

M PEGMA or 5% PEGMA in methanol solution can be used to lower the contact 

angle of water on both the two types of OSTE materials. Furthermore, using 5 % 

PEGMA in toluene did not significantly lower the contact angle for water on OSTE-

PTMP 90%. 

 

 
Figure 22. Contact angle for water on PEGDA or PEGMA UV-grafted OSTE-PTMA 90% surfaces and 

on the unmodified OSTE-PTMA 90%. Methanol (MeOH) was used as solvent used for the grafting 

molecules. 

 

Experiment I 

Material Surface modification Contact angle [°] 
Mean ± stand. 

deviation 

Number of drops 

measured 

OSTE-PTMA 90% 0,5M PEGDA-MeOH 47,0 ± 3,6 8 

OSTE-PTMA 90% 0,5M PEGMA-MeOH 48,9  ± 0,4 3 

OSTE-PTMA 90% none 65,3  ± 2,4 3 

Experiment II 

Material Surface modification Contact angle [°] 
Mean ± stand. 

deviation 

Number of drops 

measured 

OSTE-PTMP 90% 5% PEGMA-toluene 60,3 ± 4,9 4 

OSTE-PTMP 90% 5% PEGMA-MeOH 37,6 ± 7,9 3 

OSTE-PTMP 90% none 67,6 ± 1,4 4 
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Figure 23. Contact angle for water on PEGMA UV-grafted OSTE-PTMP 90% surfaces and on the 

unmodified OSTE-PTMP 90%. Methanol (MeOH) or toluene was used as solvent used for the grafting 

molecules. 

 

The results suggest that surface modification of the tested OSTE materials is possible. 

However, the 5% PEGMA-toluene modification was expected to lower the contact 

more or less to the same extent as for 5% PEGMA-MeOH modification. On the other 

hand, more measurement data and additional measurement techniques would be 

needed to investigate the difference between the two types of surface modifications. 

Not all surfaces investigated were completely flat and irregularities on the surface 

could affect the contact angle of water on the surfaces. The goal was however to find a 

working protocol for surface modification of the material and these results was 

sufficient to move on in the project. 
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3.3. Seeding of HEP G2 cells on OSTE materials 
In order to further investigate the results from the initial cell studies with neural stem cells 

on OSTE materials (described section 3.2.2.), new cell seeding experiments were made. 

HEP G2 cells
52

, human hepatocellular carcinoma cells were used due to practical reasons 

such as their availability, rapid growth and insensitivity to stress. The compatibility of 

HEP G2 cells with OSTE materials were investigated using two methods. In the first 

method, microscopy images were taken on the cells seeded on different OSTE materials, 

and in the second method the viability of the cells on different OSTE materials was 

measured with a fluorometric device. 

3.3.1. Microscopy studies of HEP G2 cells on OSTE materials 
The first method was designed to qualitatively test if the HEP G2 cells, adhere and 

proliferate on polymer samples of OSTE-PTMP. Microscopy images were taken using 

an inverted light microscope with a mounted CCD-camera with the ability to zoom. 

The OSTE materials tested had high or low level of PTMP-excess. The OSTE 

materials were fabricated with or without the use of chloroform and with or without 

the use of a photoinitiator. Thin layers of OSTE-PTMP were polymerized on the 

bottom of several poly(styrene) wells in two different six-well plates. The thin layers 

did not cover the whole bottom of the well and exposed poly(styrene) was surrounding 

each sample. The two plates were oxygen plasma treated prior to the application of the 

prepolymer OSTE-PTMP mixture to improve spreading of the mixture. The samples 

in the first six-well plate were photopolymerized at 365 nm at the intensity of ~1,4 

mW/cm
2
 and the samples in the second six-well plate were photopolymerized at 254 

nm at the energy of 90 mJ/cm
2
.  

 

Six-well plate number 1: 
Well number and the type of sample in the corresponding well: 

1. OSTE-PTMP 90% polymerized with 0,3 wt% IR2959 and 37 wt% chloroform 

2. OSTE-PTMP 0% polymerized with 0,3 wt% IR2959 and 37 wt% chloroform 

3. OSTE-PTMP 90% polymerized with 0,3 wt% IR2959 

4. OSTE-PTMP 0% polymerized with 0,4 wt% IR2959 

5. Hydrophobic PDMS (not oxygen plasma treated) 

6. Oxygen plasma treated poly(styrene), bottom of the well 

 

Six-well plate number 2: 
Well number and the type of sample in the corresponding well: 

1-3: OSTE-PTMP 90% polymerized without photoinitiator 

4-6: OSTE-PTMP 0% polymerized without photoinitiator  

 

The HEP G2 cells were seeded in the wells with an α-MEM complete medium which 

consisted of 10 % fetal cow serum, penicillin and streptomycin. The six-well plates 

were then incubated at 37°C and 5% CO2. The complete medium was changed every 

second day. Light microscopy images were taken on cells that had been seeded for 

five days. 
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Results 
By using light microscopy it could be observed that the HEP G2 cells did not grow on 

OSTE-PTMP 90% and that they had a tendency to grow around the material (see 

figure 24). In general, the viability on OSTE-PTMP 90% was low.  

 

 
Figure 24. The cells seem to be avoiding OSTE-PTMP 90% but they are growing on the surrounding 

poly(styrene) substrate. The three small arrows mark the boundary between OSTE-PTMP 90% and 

poly(styrene).  

 

The cells seeded on OSTE-PTMP materials that had been fabricated with chloroform 

showed very low viability for all levels of monomer excess investigated. Also, no 

adhered cells were observed on the hydrophobic PDMS surface. However, after five 

days of incubation, cellular adhesion to OSTE-PTMP 0% was observed both on the 

materials fabricated with IR2959 and without the photoinitiator (see figure 25 and 26). 

 

  

OSTE-PTMP 90% 

Polystyrene 

Clusters of 
HEP G2 cells 
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Figure 25. HEP G2 cells seeded on OSTE-PTMP 0% polymerized with IR2959. 

 

 
Figure 26. HEP G2 cells seeded on OSTE-PTMP 0% polymerized without photoinitiator. 

 

The cell viability on OSTE-PTMP 0% was similar to the viability of cells growing on 

the edge of the well bottom where poly(styrene) surrounded the OSTE material. 

Viability on poly(styrene) surfaces was observed to be high (see figure 27). 
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Figure 27. HEP G2 cells seeded on poly(styrene). 

 

Preliminary results (see table 5) from the light microscopy observations suggested that 

OSTE materials fabricated with solvent and/or OSTE materials fabricated with a high 

level of PTMP monomer excess, negatively affects adhesion and viability of HEP G2 

cells. 

 

Six-well plate number 1 

Well number Monomer excess Photoinitiator Solvent Cell viability 

1 90% Yes Yes Low 

2 0% Yes Yes Low 

3 90% Yes No Low 

4 0% Yes No High 

5 (PDMS) - - - Low 

6 (poly(styrene)) - - - High 

Six-well plate number 2 

Well number Monomer excess Photoinitiator Solvent Cell viability 

1-3 90% No No Low 

4-6 0% No No High 
Table 5. Summary of the visual HEP G2 cell viability investigation on OSTE-PTMP materials using 

light microscopy. 
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3.3.2. Fluorometric measurement of viability on OSTE materials 
In the second method, the viability of HEP G2 cells was investigated by seeding the 

cells on OSTE materials with varying level of monomer excess. Two experiments 

were performed. In the first, the OSTE materials with PTMP or TATATO monomer 

excess were evaluated. The polymers were photopolymerized in the bottom of wells in 

a Falcon 3075 microtest tissue culture 96-well plate from Becton Dickinson Labware. 

No photoinitiator was used to polymerize the OSTE materials in order to avoid a 

possible cytotoxic effect from the photoinitiator. The samples wells consisted of 

triplicates of OSTE-PTMP and OSTE-TATATO with a monomer excess of 90%, 60%, 

30% and 0%. In both of the experiments the materials were polymerized at the 

wavelength of 254 nm and the energy of 100 mJ/cm
2
. As a positive control, cells were 

also seeded in several wells which only contained the exposed poly(styrene) surface 

and the cell culture medium. The HEP G2 cells were seeded in the wells together with 

an α-MEM complete medium which consisted of 10 % fetal cow serum, penicillin and 

streptomycin. The 96-well plate was then incubated at 37°C and 5% CO2 for five days 

before fluorometric viability studies. The complete medium was changed every second 

day. 

 

In order to measure the viability, fluorometry was used to measure the intensity of a 

fluorogenic compound called Alamar blue. The oxidized form of Alamar blue has 

negligible fluorescence while the reduced form of Alamar blue has an excitation 

maximum at 530 nm and an emission maximum at 590 nm. Metabolic activity of 

viable cells results in a reduced form of Alamar blue and the fluorescent intensity will 

thus be proportional to the amount of viable cells. The method using Alamar blue has 

previously been used for in vitro cytotoxicity measurements
53

. Prior to measuring, 

each well in the 96-well plate containing previously seeded cells were treated with a 

200 µl solution containing 0,5 µg Alamar blue and an α-MEM complete medium 

which consisted of 10 % fetal cow serum, penicillin and streptomycin. The 96-well 

plate was then incubated for 2,5 hours at 37°C and 5% CO2 before measuring the 

fluorescent intensity using a fluorometer. A well containing only the α-MEM complete 

medium and Alamar blue was used as a blank. 

 

In the second experiment, the HEP G2 cell viability on OSTE-PTMP with 90%, 60%, 

30% and 0% monomer excess was further evaluated. Six samples of each level of 

PTMP-monomer excess were used. As a positive control, cells were also seeded in six 

wells with only the exposed polystyrene surface and the cell culture medium. The 

HEP G2 cells were seeded in the wells together with an α-MEM complete medium 

which consisted of 10 % fetal cow serum, penicillin and streptomycin. The 96-well 

plate was then incubated at 37°C and 5% CO2 for five days before fluorometric 

viability studies. The complete medium was changed every second day. Each well in 

the 96-well plate containing previously seeded cells were then treated with a 200 µl 

solution containing 0,5 µg Alamar blue and an α-MEM complete medium which 

consisted of 10 % fetal cow serum, penicillin and streptomycin. The 96-well plate was 

then incubated for 3 hours at 37°C and 5% CO2 before measuring the fluorescent 

intensity from the wells. Six wells containing only the α-MEM complete medium and 

Alamar blue were used as blanks. 

 

Fluorometry data was evaluated with one-way ANOVA F-test analysis using Minitab 

15 software. Tukey’s method or Tukey-Kramer’s method was used to compare pairs 

of means with 95% simultaneous confidence intervals (see appendix C). 
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Results 
Fluorescence intensity data from the first fluorometry viability experiment (see figure 

28 and appendix C) suggested that high level of free monomers decreases cell viability 

on OSTE-PTMP materials. For example, the fluorescent intensity, and thus the cell 

viability, was significantly higher in wells with OSTE-PTMP 60% than in wells with 

OSTE-PTMP 90% (see figure 28 and 29). In addition, cell viability in wells with 

OSTE-PTMP 90% was not significantly different from the blank well (see appendix 

C). Data from the first experiment also suggested that there was no significant 

difference between OSTE-PTMP 0% and poly(styrene). On the other hand, as clearly 

seen for OSTE-PTMP 30% in figure 28, the standard deviations of the data from the 

first experiment were quite high, and this made it difficult to compare the samples. 

There might be several reasons for these high standard deviations. Firstly, the polymer 

samples were fabricated by weighing pre-calculated amounts of monomers for a 

certain off-stoichiometry, on a scale. When doing this, small deviations from the pre-

calculated amount could give quite different levels of monomer excess. More carefully 

prepared samples had to be made to get more clear statistics. Secondly, important to 

consider is that the cells had not been counted prior to the seeding and an assumption 

was made that the original amount of cells were similar among the wells. Due to the 

fact that the cells were not counted a standard curve relating the fluorescence intensity 

to the amount of cells was not created. Thus, the assumption of evenly distributed cells 

among the wells and the use of poly(styrene) as a positive control are two important 

factors when considering the validity of the test. 

 

 
Figure 28. Cell viability in wells containing OSTE-PTMP compared with poly(styrene) (PS). There 

were three replicates for each OSTE-PTMP sample and six replicates for the PS sample in this test.  
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Figure 29. Light microscopy image of HEP G2 cells seeded on OSTE-PTMP 60%. 

 

OSTE-TATATO materials were also investigated in the first experiment. However, 

the fluorescent intensity measured in these sample wells was not significantly different 

from the blank. Thus the HEP G2 cell viability on OSTE-TATATO was very low for 

all OSTE-TATATO sample wells (see figure 30). 

 

 
Figure 30. First fluorometry experiment. Cell viability in wells containing OSTE-TATATO compared 

with poly(styrene) (PS). There were three replicates for each OSTE-TATATO sample and six replicates 

for the PS sample in this test. 
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To further investigate the viability on OSTE-PTMP surfaces and to get better statistics, 

more data was collected in the second experiment. Fluorescence intensity data from 

the second experiment (see figure 31) suggested that there were no significant 

difference between the wells containing OSTE-PTMP with 60% or less monomer 

excess and wells containing poly(styrene). However, wells containing OSTE-PTMP 

90% had significantly lower viability than the other sample wells but these wells also 

had significantly higher fluorescence intensity than the blank wells. 

  

 
Figure 31. Second fluorometry experiment. Cell viability in wells containing OSTE-PTMP compared 

with poly(styrene) (PS). There were six replicates for each OSTE-PTMP sample and six replicates for 

the PS sample in this test. 
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3.4. Fabrication of OSTE micro- and nanochannels 
The possibility of using OSTE materials for the fabrication of micro- or nanochannels, 

was evaluated by using two molding methods: 

1. Molding and photopolymerization in silicon/SU8 master molds 

2. Molding and photopolymerization in PDMS templates that have previously been 

molded from silicon/SU8 master molds or from thin film metal gratings 

 

Resulting polymerized structures were studied using light microscopy, fluorescence 

microscopy, scanning electron microscopy and profilometry. Light microscopy was used 

for fast inspection of the structured material and the other techniques for more detailed 

studies. These methods will be described in the following sections in this chapter.   

 

In method 1, the OSTE prepolymer mixture is applied on the master mold by pipetting or 

pouring the mixture on the mold (see figure 32). In order to create a flat back of the OSTE 

material and to facilitate the release from the master, a thin plastic film is placed on top. 

Teflon coated masters can also be used to facilitate the release of the OSTE material when 

demolding; however in this work that method was not used. To control the thickness of 

the molded OSTE material, spacers of PDMS with the desired thickness were cut out and 

used in combination with the mold. However, OSTE nanochannel molding was not 

performed directly on the nanopatterned silicon/SU8 master. This was because only one 

silicon/SU8 master with nanopatterns was available and the risk of OSTE material 

sticking into the channels had to be avoided. Thus, PDMS was only used for molding in 

the nanopatterned master because it had a low risk of sticking to the mold.   

 

 
Figure 32. Process for molding OSTE material in silicon/SU8 masters. Gentle heating in step 3 will soften 

the OSTE material and further facilitate the release. 
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In method 2, the OSTE prepolymer mixture is applied on the PDMS-template by pipetting 

or pouring the mixture on the template (see figure 33). Similar to method 1, a thin plastic 

film is placed on top, and to control the thickness of the molded OSTE material, PDMS 

spacers were also used in this method. 

 

 
Figure 33. Process for molding OSTE material in a patterned PDMS template. The cured OSTE material is 

easily peeled off from the PDMS template by using a pair of tweezers. 

 

The polymerization of the OSTE materials were performed by exposing the molds to 

ultraviolet light at 365 nm with the intensity of ~1,4 mW/cm
2
. The exposure time needed 

for OSTE materials polymerized with TPO-L was 30 seconds maximum, however for 

OSTE materials polymerized with IR2959, few minutes was required. 
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Intermediate Results 
By using method 2, it was possible to create channel structures at the micro- and 

nanoscale (see figure 34). As explained in the beginning of this chapter, method 1 was not 

used for molding nanochannels. 

 

  
Figure 34. Light microscopy images of micro- and nanostructured OSTE material. Left image: 40 µm wide 

OSTE-PTMP channels. Right image: interference effects seen on nanostructured OSTE-PTMA. 

 

Some microchannels could be inspected directly after molding using light microscopy, but 

for more information about the channel properties and also for enabling visualization of 

smaller channels, other techniques were used. Results from using these techniques are 

presented in the following sections in this chapter. 
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3.4.1. Profilometry on molded micro- and nanochannels 
To investigate the dimensions of microstructured OSTE materials, profilometry was 

performed. Using molding method 2, three microstructured samples and one 

nanostructured sample of OSTE-PTMA 90% polymerized with 0,3 wt% TPO-L were 

fabricated. These were then studied with a profilometer. Two of the microstructured 

samples were molded into channel structures and the third into circular wells. The 

nanostructured sample had several nanoscaled patterns (see appendix D), but the 

structures investigated were channels. No plastic film was used during the molding of 

the structures and thus the back of the samples were not completely flat. The 

profilometer had to be tuned in order to scan the structures horizontally. The profiles 

of the structures on the surface of the microstructured material were then measured by 

the displacement of a low force surface contact stylus which was scanned over the 

surfaces. Light microscopy images were taken by a camera which was mounted to the 

scan head at a sample viewing angle of ~24°. 

 

Results 
Profilometry measurements show that micro- and nanostructures can be molded from 

PDMS templates. The vertical resolution of the structure profiles is in the order of a 

few Ångströms, however the lateral resolution is dependent on the stylus shape and is 

not as good as the vertical. Thus, it was difficult to get detailed information about the 

edges and corners of the small micro- and nanostructures. Information of how well the 

OSTE materials were shaped from the PDMS template could not be determined with 

good resolution. However, information of the height of the structures and some 

information of channel width could be determined (see figure 35 and 36). The height 

information of the nanostructures gave information on the height of the SU8 patterns 

on the NAPA silicon/SU8 master. This information could then later be used for all 

structures molded from that master. 
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~250 µm wide and ~22 µm high 

microchannels 

 

 
~40 µm wide and ~22 µm high 

microchannels 

 

Figure 35. Dimensions of OSTE-PTMA 90% microchannels determined using profilometry. Light 

microscopy images (~24° view angle) of the microstructured OSTE material investigated. The small 

marks or dots are where the scan stylus has contacted the surface of the material. 
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Circular shaped wells. Diameter is ~60µm,  

length from the center of a well to the center 

of the next well is ~150µm, height is ~22 

µm.  

 
~2 µm wide and 10-15 nm high 

nanochannels 
 

Figure 36. Dimensions of OSTE-PTMA 90% micro wells and nanochannels determined using 

profilometry. Light microscopy images (~24° view angle) of the microstructured OSTE material 

investigated. The small marks or dots are where the scan stylus has contacted the surface of the material. 
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3.4.2. SEM images of micro- and nanochannels 
Scanning electron microscopy was used to visualize small micro- or nano-sized 

channels in the OSTE material. SEM images were taken on two samples which 

consisted of OSTE-PTMA 90% polymerized with 0,3 wt% TPO-L. The samples had 

been microstructured using method 2 and were molded from two different PDMS 

templates. The first PDMS template called NAPA, had previously been molded from a 

nanopatterned silicon/SU8 master in which there were several nanosized channels 

with the smallest being a few hundred nanometers wide (see appendix D). The other 

template was a PDMS cast from a thin-film metal grating with 300 lines per 

millimeter. 

 

Results 
Scanning electron microscopy images confirmed that molding OSTE channels with 

dimensions in the nanometer scale is possible by using molding method 2. The 

smallest channels molded were 400 nm wide and 10-15 nm high (see figure 37). 

 

 
Figure 37. SEM image of 400 nm wide and 10-15 nm high channels in OSTE-PTMA 90%. 

 

Furthermore, the shape and dimension of OSTE material molded from the 300 

lines/millimeter PDMS template could also be studied. The SEM image suggests that 

the channel width is 2-3 µm (see figure 38).  
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Figure 38. SEM images of OSTE-PTMA channels molded from a 300 lines/millimeter grating 

structured PDMS template. Top image: 1800 times magnification. Bottom image: 12 200 times 

magnification. 
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3.4.3. Fluorescence microscopy of micro channels 
By using the molding method 2 as described in the beginning of chapter 3.4., channels 

of different dimensions in OSTE-thiols were fabricated. The surfaces of these OSTE 

channels were then modified by UV-grafting of PEGMA in order to facilitate wetting 

of the channels with a water solution containing a fluorophore. By using a scalpel the 

OSTE materials were cut into small pieces around 5-10 cm
2
 and <1 mm thick. By 

cutting the OSTE into pieces, the channels became open at both ends of the structured 

OSTE material. The channels were then placed upon glass substrates with the channels 

facing the glass. Then a small volume of a fluorescent water solution containing a 

fluorophore was applied to one side of the channels. The capillary effect enabled 

filling of these channels with the water solution and by using fluorescence microscopy 

the filling of the channels was studied. OSTE channels that were investigated had 

previously been surface modified with 0,5 M PEGMA in methanol by UV-treatment at 

365 nm at the intensity of ~1,4 mW/cm
2
 (see table 6). For comparison, microchannels 

in PDMS were also investigated. The PDMS channels had been oxygen plasma treated 

and bonded to a glass substrate prior to fluorescence microscopy. Thus, by the plasma 

treatment, the PDMS channels surface had turn hydrophilic. 

 

Channel material Channel dimensions 

OSTE-PTMA 90 % 300 lines/millimeter 

OSTE-PTMA 90% 1200 lines/millimeter 

OSTE-PTMA 90% 2 µm width, 10-15 nm height
*
 (NAPA) 

OSTE-PTMP 90% 40 µm width, 20 µm height 

OSTE-PTMP 90% 300 lines/millimeter 

OSTE-PTMP 90% 2 µm width, 10-15 nm height
*
 (NAPA) 

PDMS 150 µm width / 20 µm width, both 20 µm height 

Table 6. OSTE channels investigated by fluorescent microscopy. The OSTE materials were molded 

using method 2. No exact height data are available for the channel height of the 300 and 1200 lines/mm 

channels. * Height information from profilometry measurement (see section 3.4.1.). 

 

Results 
In general, for filling the channels with water the method of just placing the OSTE 

channels on glass substrates was not as successful as bonding plasma treated PDMS 

channels to glass substrates. This was because the adhesion force between the OSTE 

material surface and the glass surface was not strong enough to prevent the leakage of 

water. Thus, when applying the water solution to the channels the contact between the 

two surfaces was lost. This was often the case when applying water to small pieces of 

OSTE material. The water was spreading on the glass surface between the OSTE 

material and the glass surface. Furthermore, the low adhesion forces between the 

OSTE surface and glass could also have been influenced by the surface modification 

of the OSTE material prior to the contact with the glass surface. Grafted PEGMA 

polymers on the OSTE surface rendered the surface more hydrophilic, but might also 

have been affecting the adhesion forces between the surface modified OSTE material 

and the glass surface. Filling of OSTE-PTMA 90% 1200 lines/millimeter channels and 

the OSTE-PTMA 90% 2 µm wide NAPA channels could not be observed. However, 

when carefully applying small volumes of the fluorescent water solution to channels 

with wide walls between the channels, it was possible to observe wetting of some the 

channels investigated. Furthermore, by carefully applying a small volume of the 
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fluorescent water solution to a small piece of the 2 µm wide NAPA channels of 

OSTE-PTMP 90%, it was possible to observe channel wetting (see figure 41). 

However, it could be seen that the contact was gradually lost between the material and 

the glass substrate after a while. The fluorescence microscopy observations are listed 

in figures 39-41 below: 

 

 

 

Figure 39. Resulting images from fluorescence microscopy of PDMS and OSTE-PTMA 90% microchannels on 

glass. The red color corresponds to the fluorescent water solution in the channels. The channels was seen through 

the glass surface where they are placed onto. The upper image: fluorescent water solution is filling the oxygen 

plasma bonded PDMS channels. Top part of image: 20 µm wide PDMS channels. Bottom part of image: 150 µm 

wide PDMS channels. Both channels are 20 µm high. Ideally the channels should be filled with water solution 

and free from debris. However, air bubbles are seen in the channels as dark spots. The lower image: only a small 

fluorescent area could be observed of the OSTE-PTMA 90%, 300 lines/millimeter microchannels. The 

fluorescent intensity fades out at the left of the image due to poor contact between the OSTE channels and the 

glass substrate. 
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Figure 40. Resulting images from fluorescence microscopy of 40 µm wide and 20 high OSTE-PTMP 90% 

microchannels on glass. The red color corresponds to the fluorescent water solution filling the channels. The 

channels are seen through the glass surface where they are placed onto. The upper image: air bubble-water 

interface indicated by the arrows in an OSTE-PTMP 90% channel. The lower image: fluorescent water solution 

was applied to one side of the OSTE-PTMP 90% channel openings. The openings were cut by scalpel and the 

dark region corresponds to the channel wall that had been cut. 
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Figure 41. Resulting images from fluorescence microscopy of different OSTE-PTMP 90% microchannels on 

glass. The red color corresponds to the fluorescent water solution in the channels. The channels are seen through 

the glass surface where they are placed onto. The upper image: not all channels were filled with the fluorescent 

water solution. The OSTE-PTMP 90%, 300 lines/millimeter, channels were not completely clean and small 

grains of dust (seen as bright dots) are seen. The lower image: fluorescent water solution is filling the 2 µm wide 

(NAPA) OSTE-PTMP 90% channels. 
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3.4.4. Bonding of OSTE channels 
The possibilities for covalent bonding of OSTE-thiols to functionalized glass surfaces 

or to OSTE-allyl surfaces were investigated. The goal was to improve the sealing of 

OSTE channels to these substrates to improve the filling of the channels with water 

solutions. 

 

For the bonding of OSTE-PTMP 90% to functionalized glass surfaces, the possibility 

of using the epoxy-silane Silquest A-187 for the silanization of glass slides was 

investigated. In the method used a glass slide were first TL-1 washed prior to short 

oxygen plasma treatment. Then the slide was incubated with 1 wt% Silquest A-187 in 

methanol for ~20 minutes. The slide was dried with N2-gas and then heat treated at 

110 °C on a hotplate for ~10 minutes. A ~1 cm
2
 piece of OSTE-PTMP 90% that have 

previously been photopolymerized with 0,3 wt% TPO-L at 365 nm UV-light, was 

pressed against the glass slide. Heat treatment continued for a ~5 minutes. Afterwards 

the glass slide with the OSTE-PTMP 90% was washed with methanol and water. 

 

The bonding of OSTE channels to OSTE-allyl substrates were investigated by first 

molding OSTE-PTMP 90% using either method 1 or 2. The channels were then 

bonded by utilizing the thiol-ene reaction, to a thin film of OSTE-TATATO 30% that 

had previously been polymerized with 0,3 wt% TPO-L at 365 nm with the intensity of 

~1,4 mW/cm
2
 onto a oxygen plasma treated cover glass. The bonding procedure (see 

figure 42 and 43) was performed by first placing the OSTE-thiol channels onto the 

OSTE-allyl film followed by heat treatment at temperature above the glass transition 

for the OSTE-thiol (> 40 °C) to increase the contact between the surfaces. Then the 

assembled materials were exposed to 254 nm UV-light with the energy 900 mJ/cm
2
. 
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Figure 42. Bonding of OSTE channels to an OSTE-allyl layer on a cover glass. 

 

 
Figure 43. Image of the bonded OSTE-thiol channels to the OSTE-allyl layer on glass. 
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By using this bonding method described above, OSTE channels of different 

dimensions were bonded to OSTE-allyl substrates on cover glasses (see table 7). After 

the bonding, surface modification (see figure 44) of the channels were made to 

facilitate the filling of the channels with water solutions. This was done by filling the 

channels with a solution of 5 wt% PEGMA in MeOH + 1 wt% benzophenon and 

exposing them to 365 nm UV-light with the intensity of ~1,4 mW/cm
2
 for 1 minute. 

Afterwards the channels were washed with methanol and dried with N2-gas followed 

by placing them in vacuum chamber at 0,01 mbar. 

 

 
Figure 44. Surface modification of OSTE-thiol channels bonded to OSTE-allyl layer on glass. 

 

The bonded and surface modified OSTE channels were then investigated with 

fluorescence microscopy by applying a small volume of a fluorescent water solution to 

one side of the channels (as described in section 3.4.3.) 

 

Channel material Channel molding method Channel dimension 

OSTE-PTMP 90% 2 300 µm width, 20 µm height 

OSTE-PTMP 90% 1 ~12 µm width, 20 µm height 

OSTE-PTMP 90% 2 300 lines/millimeter 

OSTE-PTMP 90% 2 1200 lines/millimeter 
Table 7. Channels of OSTE-PTMP 90% bonded to OSTE-TATATO 30 % on a cover glass and 

investigated with fluorescence microscopy. Molding method 1 corresponds to Silicon/SU8 master and 

molding method 2 corresponds to PDMS template. 
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Results 
The method for bonding OSTE-PTMP 90% to epoxy-silanized glass was not 

successful. When washing after heat treatment of the OSTE-glass assembly, the OSTE 

material lost its contact with the silanized glass. In the bonding protocol tested no base 

catalyst e.g. a tertiary amine, was used to facilitate the thiol epoxy reaction. This might 

have led to that there were no or very few covalent links between the thiol groups on 

the OSTE material and the epoxy groups on the glass. Thus, modifications had to be 

made to the epoxy-thiol bonding protocol. However, due to lack of proper chemicals 

and time, the other bonding method was focused on. 

 

Instead of silanizing the glass with epoxy groups, a thin layer of OSTE-TATATO was 

successfully polymerized on the glass (see figure 42 and 43). OSTE-PTMP channels 

bonded to this allyl-functional layer on the glass did not lose contact when the 

channels were washed with methanol and water (see figure 45). In addition, this 

allowed for surface modification of the channels after that they had been bonded to the 

OSTE-TATATO functionalized cover glass. 

 

 
Figure 45. Light microscopy image of OSTE-PTMP 90% bonded to OSTE-TATATO 30%. Arrows 

indicate the interface between the two materials. 

 

  

OSTE-PTMP 90% 

OSTE-TATATO 30% 



3. Methods, experiments and results 

60 

 

When studying channels of OSTE-PTMP 90% that have been bonded OSTE-allyl 

functional cover glasses, it could be concluded that the channel sealing had been 

improved. Fluorescent water solution could be applied when studying the channels 

with fluorescence microscopy without resulting in that the surface contact between the 

materials was lost. Results from fluorescence microscopy investigation are listed in 

figures 46-48 below: 

 

 

Figure 46. Resulting image from fluorescence microscopy of 300 µm wide and 20 µm high OSTE-PTMP 90% 

microchannels on OSTE-allyl functionalized glass. The red color corresponds to the fluorescent water solution in 

the channels. The channels are seen through the OSTE-allyl functional glass surface where the channels were 

bonded onto. Fluorescent water solution was applied to one side of the channel openings. The channels were 

successfully filled as seen by the dark and red regions. The openings were cut by scalpel and this can be seen as 

irregularities in the lower part of the image. 
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Figure 47. Resulting image from fluorescence microscopy of OSTE-PTMP 90% microchannels on OSTE-allyl 

functionalized glass. The red color corresponds to the fluorescent water solution in the channels. The channels 

are seen through the OSTE-allyl functional glass surface where the channels are bonded onto. The upper image: 

fluorescent water solution moving in ~12 µm wide and 20 µm high OSTE-PTMP 90% channels. Not all 

channels were filled due to defects caused by debris or dust in the master when molding. The openings were cut 

by scalpel and this could also have led to formation of debris which blocked some channels. A bubble trapped in 

the OSTE material is indicated by the arrow. The lower image: air-water interface (indicated by the arrows) for 

the moving fluorescent liquid in ~12 µm wide and 20 µm high OSTE-PTMP 90% channels. Leakage was 

prevented by improved contact as seen by the sharp contrast between the channels and the channel walls. 
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Figure 48. Resulting image from fluorescence microscopy of OSTE-PTMP 90% micro- and 

nanochannels on OSTE-allyl functionalized glass. The red color corresponds to the fluorescent water 

solution in the channels. The channels are seen through the OSTE-allyl functional glass surface where 

the channels are bonded onto. The upper image: fluorescent water solution successfully filling the 2-3 

µm wide (300 lines/millimeter) OSTE-PTMP 90% channels. The lower image: fluorescent water 

solution successfully filling the ~500 nm wide (1200 lines/millimeter) OSTE-PTMP 90% channels. The 

original image has been modified to increase the brightness due to the low light intensity from these 

channels. 
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3.5. MIMIC using OSTE channels 
Micro-molding in capillaries, MIMIC (see figure 49), was investigated as a method for 

testing if OSTE channels of different dimensions can maintain their geometry after 

molding or if the channels will “sag” (see table 8).  

 
Figure 49. MIMIC using microchannels. 

 

The material constituting the channels for MIMIC, the material for channel filling and the 

polymerizing method are listed in table 8 below. 
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Combination Channel material Channel filling 

material 

Polymerizing 

method 

1 PDMS  
Profile dimension: 

~100 µm wide, 

 ~20 µm high 

NOA71 UV-curing 365 

nm 

2 PDMS 
Profile dimension: 

~300 µm wide, 

 ~20 µm high 

150 mg/ml 

PVP-EtOH 

80 °C thermal 

cure 

3 OSTE-PTMP 90% NOA 71 UV-curing 365 

nm 

4 OSTE-PTMP 90% 150 mg/ml 

PVP-EtOH 

80 °C thermal 

cure 

5 OSTE-PTMP 90% Prepolymer 

PDMS 

80 °C thermal 

cure (>24 h) 

6 Teflon coated 

OSTE-PTMP 90% 

NOA71 UV-curing 365 

nm 

7 Teflon coated 

OSTE-PTMP 90% 

150 mg/ml 

PVP-EtOH 

80 °C thermal 

cure 

8 PEGMA-MeOH 

modified OSTE-

PTMP 90% 

150 mg/ml 

PVP-EtOH 

80 °C thermal 

cure 

9 PEGMA-MeOH 

modified OSTE-

PTMP 90% 

PEGDA + 

IR184 

UV-curing 365 

nm 

Table 8. Combinations used for MIMIC experiments. PVP is short for poly(vinylpyrrolidone), EtOH is 

short for ethanol and MeOH is short for methanol. Dimensions of OSTE channels not shown (see results) 

 

The underlying substrate in the experiments was glass, but for some combinations other 

substrates were also tested. Additionally, an OSTE-allyl substrate was tested for 

combination number 3 and a polystyrene substrate was tested for combination number 4. 

 

Results 

In this chapter results from using OSTE as channels for MIMIC are presented. 

 

By using PDMS channels and NOA71 it was possible to get rectangular shaped profiles of 

the resulting molded structures after MIMIC (see figure 50 and 51). On the other hand, if 

using the PVP polymer to fill the PDMS channels, the resulting structures after 

polymerization were not rectangular shaped and had not completely filled the PDMS 

channels (see figure 52-54). Thus, using NOA71 would be a better choice for 

investigating channel “sagging”. 
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Figure 50. Light microscopy image of NOA71 structures from MIMIC using PDMS channels. 

 

 
Figure 51. Profilometry measurement diagram for a NOA71 structure. The structure was created by using 

MIMIC in PDMS channels. The structure profile dimension is ~100 µm in width and ~20 µm in height. 

 

 
Figure 52. Light microscopy image of PVP structures from MIMIC using PDMS channels. 
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Figure 53. Profilometry measurement diagram for structures of PVP. Structures were created using MIMIC 

in PDMS channels. The profile dimension of each structure is ~300 µm in width and 1-2 µm in height. The 

PDMS channel was 300 µm wide and 20 µm high. 

 

For the OSTE-PTMP 90% channels, filling the channels with NOA71 was possible. 

However, when polymerization was performed the NOA71 reacted with the OSTE 

material. The NOA71 polymer was combined with the OSTE material and when lifting of 

the OSTE channels from the underlying glass substrate, no NOA71 polymer had adhered 

to the glass. Teflon coating of the OSTE channels did not prevent NOA71 from 

combining with the OSTE channels. 

 

Furthermore, the rest of the combinations 4-9 with PVP, PDMS and PEGDA for OSTE 

channel filling were also not successful. Similar to the PDMS test, the PVP was not filling 

the OSTE channels completely and due to weak contact between the OSTE material and 

the underlying glass substrate, the PVP leaked outside the OSTE channels (see figure 54). 

 

 
Figure 54. Result after MIMIC with PVP in OSTE channels on glass. Structures left on the glass after 

lifting off the OSTE channels. The channels were not completely filled with PVP and structures were 

formed against the channels walls (indicated by arrows to the right). Locations where PVP entered the 

channels are indicated by the arrows to the left in the image.  
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Interestingly, PDMS polymerization was inhibited in the OSTE channels. The PDMS did 

not polymerize inside the OSTE channels after >24 h of curing at 80°C. However, PDMS 

had polymerized outside the channels where the polymer not had been in contact with the 

OSTE material. 

 

UV-initiated homopolymerization of PEGDA inside the PEGMA grafted OSTE channels 

was not successful. Complete PEGDA-thiol reaction in the OSTE channels were 

presumably avoided by the PEGMA grafting of the OSTE channel surface, but the 

PEGDA was not filling the OSTE channels completely and leaked from the channels due 

to lost contact between the OSTE material and the underlying glass. 
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3.6. Adsorption of PEDOT:PSS on OSTE material 
For the investigation of PEDOT:PSS adsorption on OSTE materials, several fabrication 

methods were tested (see table 9). PEDOT:PSS is a water dispersion of the conjugated 

polymer PEDOT doped by the polyelectrolyte PSS. The OSTE materials are somewhat 

hydrophobic (see sections 2.4. and 3.2.6.) and to enable adsorption of PEDOT:PSS on the 

surface of OSTE, a surfactant called Zonyl FS-300 was used to lower the contact angle 

between the OSTE surface and the PEDOT:PSS water dispersion. This have previously 

been tested for PEDOT:PSS on PDMS
54

. However, using a surfactant for enabling the 

spreading of the PEDOT:PSS formulation onto the OSTE substrate is not necessary if 

hydrophilic surface modification is done prior to the PEDOT:PSS adsorption step. Thus, 

for method number 7 (see table 9) it was not necessary to have the surfactant Zonyl FS-

300 in the PEDOT:PSS dispersion because the OSTE material had previously been made 

hydrophilic by PEGMA surface modification. However, for practical reasons the same 

PEDOT:PSS formulation was used both for method 5 and 7. To increase adhesion, 

Silquest A-187 was used and to enhance the conductivity for PEDOT:PSS-films, either 

diethylene glycol or glycerol was used. For the formation of films, the PEDOT:PSS-

solution was applied onto the surface of ~2 mm thick rectangular pieces of OSTE material 

by pippeting. This was followed by drying the film at room temperature for 24 h and/or 

heat treating the OSTE-PEDOT:PSS for ~10 minutes on a hotplate. 

 

Method 

number 

OSTE material polymerized 

with photoinitiator 

PEDOT:PSS formulation Annealing 

method 

1 OSTE-PTMP 70% (0,5 wt% 

TPO-L) 

0,25 % v/v Zonyl FS-300 RT 

2 OSTE-PTMP 70% (0,5 wt% 

TPO-L) 

0,25 % v/v Zonyl FS-300 RT + 120°C 

3 OSTE-TATATO 90% (0,5 

wt% IR2959) 

0,25 % v/v Zonyl FS-300 

+ 12 wt% Silquest A-187 

120°C 

4 OSTE-PTMP 90% (0,3 wt% 

TPO-L) 

0,25 % v/v Zonyl FS-300 

+ 1 wt% Silquest A-187 

120°C 

5 OSTE-PTMP 90% (0,3 wt% 

TPO-L) 

0,25 % v/v Zonyl FS-300 

+ 0,2 wt% Silquest A-187 

+ 5 wt% DEG 

120°C 

6 OSTE-PTMP 90% (0,3 wt% 

TPO-L) 

0,25 % v/v Zonyl FS-300 

+ 0,5 wt% Silquest A-187 

+ 5 wt% glycerol 

140°C 

7 OSTE-PTMP 90% (0,3 wt% 

TPO-L) 

Surface modified with 5% 

PEGMA-toluene 

0,25 % v/v Zonyl FS-300 

+ 0,2 wt% Silquest A-187 

+ 5 wt% DEG 

180°C 

Table 9. Methods investigated for the fabrication of conducting, flexible and water resistant OSTE-

PEDOT:PSS-materials. RT is short for room temperature drying and DEG is short for diethylene glycol. 

The 5% PEGMA-toluene surface modification was made as described in method II a) in section 3.2.6. 
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The electrical resistance was measured on all PEDOT:PSS films using a multimeter. 

Flexibility of the films was tested by bending the OSTE supports by hand and water tests 

were performed by immersing the OSTE-PEDOT:PSS materials in water while observing 

how the films are affected. The water test was only performed on method 5-7. The 

electrical resistance of films fabricated by method 2 and 4 was compared to the same 

PEDOT:PSS-formulation on a glass slide instead of the OSTE support. 

 

Results 

For the adsorption of PEDOT:PSS on OSTE materials, PEDOT:PSS dispersions 

combined with the surfactant Zonyl FS-300 enabled wetting of the PEDOT:PSS 

dispersion on the OSTE surface. However, when heating the film of PEDOT:PSS on the 

OSTE material, the film started to crack up and after a short while the film was 

completely shattered. Introduction of Silquest A-187 into the PEDOT:PSS dispersion 

prevented the adsorbed film from cracking during heat treatment. In addition, when 

bending the flexible OSTE material, the PEDOT:PSS film was not cracking and thus it 

was possible to create a flexible film of PEDOT:PSS on the OSTE material. However, the 

electrical resistance of the film was very high and could not be measured using a 

multimeter. 

 

To increase electrical conductivity of the PEDOT:PSS film, DEG or glycerol was added 

to the PEDOT:PSS dispersion together with Zonyl FS-300 and Silquest A-187. The 180°C 

annealing of a PEDOT:PSS film with 0,25% v/v Zonyl FS-300,  0,2 wt% Silquest A-187 

and 5 wt% DEG, on OSTE-PTMP 90% for 10 minutes yielded a flexible film with the 

electrical resistance of ~5 kΩ at the distance of ~1,5 cm between the multimeter electrodes 

(see figure 55). For comparison, the PEDOT:PSS dispersion with only 0,25% v/v Zonyl 

FS-300 added and annealed to a glass slide at 120°C had a electrical resistance of 37 kΩ. 

 

  
Figure 55. Left image: flexible film of PEDOT:PSS on OSTE-PTMP 90%. Right image: electrical 

resistance measurement on the PEDOT:PSS film using a multimeter. 

 

Furthermore, the film fabricated by method 7 could withstand exposure of water for six 

days without shatter or completely dissolve. Some cracks were seen at the edges of the 

film were the underlying OSTE material was thicker than in the middle. Thus, at these 

areas the temperature during annealing had probably not been as high as in the middle of 

the film. Furthermore, the electrical resistance of the film had increased to ~2 MΩ after 

six days in water bath at room temperature.  
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Water tests of the other PEDOT:PSS films resulted in that they shattered directly or after a 

short while when exposed to the water. However, the annealing had been at lower 

temperatures for these films (see figure 56). This suggests that high temperature 

PEDOT:PSS annealing might improve water resistance. 

  

  
Figure 56. a) Water test for PEDOT:PSS film with Zonyl FS-300, Silquest A-187 and DEG that had been 

heat treated at 180°C. The image is taken directly after that the film had been submerged in the water bath. b) 

The film in a) after six days in water bath. c) the film in b) is flexible after six days in water bath. d) The 

other films tested shattered directly when in contact with water. 

 

Results from the different fabrication methods are summarized in table 10 below: 

 

Method 

number 

Flexible film 

without 

cracking? 

~ Electrical 

resistance 
(at ~1 cm distance 

between electrodes) 

Status after 

water test 

~ Electrical resistance 

of same formulation on 

glass 

1 No 20 MΩ - - 

2 Film shattered 

during annealing 

1 MΩ - 37 kΩ 
(at ~1 cm distance between 

electrodes) 

3 Yes Not conducting - - 

4 Yes Not conducting - Not conducting 

5 Yes 0,1 MΩ Film shatters - 

6 Yes 10 MΩ Shatters / 

dissolves 

- 

7 Yes 5 kΩ* Dissolves at 

the edges 

- 

Table 10. Summary of results for PEDOT:PSS films fabricated by different methods.* Electrical resistance 

measured at ~1,5 cm distance between the multimeter electrodes. 

 

a) b) 

c) d) 
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In the best case the electrical resistance of the adsorbed and annealed PEDOT:PSS film 

was ~5 kΩ. However, due to this quite high electrical resistance, the conductivity of the 

film is suggested to be low. When the ~5 kΩ PEDOT:PSS film was measured using a 

multimeter, the distance between the electrodes was 1,5 cm. Furthermore, the length of the 

film was ~1,5 cm and the width was ~1cm. The exact thickness of the film is not known. 

However, if the assumed thickness of the film is 10 µm, the cross-sectional area of the 

film will be 0,1 µm
2
. The conductivity σ is calculated by the inverse of resistivity ρ using 

the formula: 

  
 

 
 

 

   
  (eq. 3) 

 

, where R is the electrical resistance, L is the distance between the electrodes and A is the 

cross-sectional area of the PEDOT:PSS film. Thus by using the film thickness of 10 µm 

and eq. 3, the conductivity will be: 

  
       

              
           

 
This corresponds to 0,3 S/cm which is a bit lower than the theoretical value of ~0,8 S/cm 

(see section 2.5.). 
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4. Discussion 
As the title of this master’s thesis reads “Micro-Structuring of New Materials Combined with 

Electronic Polymers for Interfaces with Cells”, one might wonder if the combination of 

microstructured OSTE combined with electronic polymers for an interface with cells is 

possible? In order to answer this question more work is needed to create such a combination 

and this was not done in this project. However, the work done in this project will help to 

understand the requirements for creating such a combination and if the materials investigated 

in this work are suitable as substrates. 

 

In the first part of this chapter the major results are discussed by answering the questions 

formulated in the beginning of the project (see section 1.3.). In the second part of the chapter 

the overall approach is discussed with focus on the effectiveness of goal achievement in the 

project approach (see section 1.4.). In the last part of the chapter, the major conclusions drawn 

from the achieved results are presented and the corresponding future outlook is shortly 

discussed for each area. 

4.1. Answers to questions 
Results from both pre-studies and experiments support the answers to the questions 

formulated in section 1.3. 

 

1 Which properties are characteristic for the OSTE materials? 
As described in the background and theory section (see section 1.1. and 2.4.), the 

OSTE materials have previously been designed as construction materials for 

microsystems such as lab-on-chip devices and there is currently ongoing research on 

the materials for the use in these devices. 

 

The OSTE materials offer the possibility for tuning the materials mechanical 

properties by varying the off-stoichiometry when mixing the prepolymer formulations. 

This has been investigated by differential scanning calorimetry (see section 3.2.4.). 

The off-stoichiometry also enables for free unreacted thiol- or allyl-functionalites 

being present at the material surface. This has been utilized for surface modification 

and bonding in this project (see sections 3.2.6. and 3.4.4.). Due to the dense 

crosslinking of the polymerized OSTE network the absorption of molecules into the 

network will be minimal which reduces swelling. In the experiments performed in this 

project OSTE have been exposed to toluene, glycerol and methanol etc. without being 

negatively affected. 

 

2 What are the possibilities using OSTE for micro- and nano-patterning? 
The same methods for molding used for PDMS in soft lithography have been used for 

OSTE in this work and the method tested was replica molding from silicon/SU8 

masters or from PDMS templates. The smallest dimension observed for structured 

OSTE material was 400 nm wide channels with 10-15 nm height (see section 3.4.1. 

and 3.4.2.). However, these structures were replica molded from a PDMS template 

thus the small dimensions is also possible to create in PDMS. The prepolymer of 

OSTE is similar to PDMS in that they are both liquid prepolymer mixtures that can be 

poured onto the desired patterns. But an advantage using OSTE is that the material can 

be quickly photopolymerized within seconds if the proper photoinitiator is used. This 

enables for other micro- and nanofabrication techniques such as injection molding and 

Step-and-Flash lithography
55-57

. 
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By spin-coating an OSTE prepolymer mixture diluted in toluene, it was possible to 

create a ~40 nm thick film of OSTE on a silicon substrate. To go further with this 

result it would be interesting to investigate whether OSTE can be used in 

photolithography for the creation of OSTE nanopatterns on silicon substrates. Further 

experiments for obtaining a thickness versus spin-speed curve would be relevant. This 

could be done by spin-coating the OSTE mixture at different spin speeds and 

measuring the thickness of the resulting films by ellipsometry. Further investigations 

might tell if OSTE could be an alternative material to SU8 for photolithography. 

 

MIMIC have been investigated as a method for studying channel geometry in this 

work (see section 3.5.). For PDMS one method tested had potential for the use of 

channel geometry studies. On the other hand, for OSTE the methods tested were not 

successful and no OSTE channel sagging studies were possible to perform. One reason 

for the low success is that the surface of the OSTE material is quite reactive due to the 

surface chemistry. However, the possibility of using prepolymer OSTE for molding 

micro- and nanostructures using MIMIC has not been investigated. For this to work, it 

would require a chemically inert template material that is transparent for ultraviolet 

light to enable the photopolymerization of OSTE. 

 

3 What are the possibilities for surface modification and functionalization of OSTE? 
The free unreacted thiol or allyl functional groups present at the material surface 

enables for surface modification by utilizing the toolbox of click chemistry reactions 

available, furthermore the functional groups also enables bonding to several surfaces 

via the click chemistry reactions. However, in this work only the thiol-ene reaction 

was successfully utilized for bonding an OSTE-thiol surface to an OSTE-allyl surface. 

Thus, more bonding experiments should be made to further investigate the 

possibilities for bonding using OSTE. The next step would be to test a vinyl, allyl, or 

isocyanate silanized glass surface for OSTE-thiol bonding. Furthermore, in this work 

surface modifications have been shown to be possible by grafting either PEGDA or 

PEGMA to the OSTE-thiol surface. Surface modification of OSTE-allyl has not been 

investigated, however by using thiol-ene chemistry it would be possible to use a thiol-

terminated PEG polymer for grafting. 

 

A water dispersion of PEDOT:PSS  mixed with Zonyl FS-300 for improved wetting, 

Silquest A-187 for flexibility and diethyleneglycol for improved conductivity, is 

possible to anneal and adsorb onto a surface of OSTE-PTMP. Annealing at 180 °C 

will improve water resistance. What is missing in this work is to investigate the 

morphology, interconnection and molecular interactions of the PEDOT:PSS 

formulation and substrate with the goal to gain knowledge on how conductivity can be 

enhanced. This might be realized by Atomic Force Microscopy and Transmission 

Electron Microscopy in combination with conductivity measurements. Furthermore, 

the performance and possible advantages for the adsorption of PEDOT:PSS on OSTE 

have not been compared with other substrates for adsorbing PEDOT:PSS. And also, 

optimization of the protocol used is necessary to improve the conductivity, flexibility 

and water resistance. For example, in this work a surfactant was used for enabling the 

spreading of the PEDOT:PSS formulation onto the OSTE substrate. This is not 

necessary if hydrophilic surface modification is done prior to the PEDOT:PSS 

adsorption step. 
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4 Are the OSTE materials biocompatible? 

A material suitable for cell proliferation should offer the possibility for cellular 

adhesion and adsorption of ECM proteins. The material should not be cytotoxic and 

induce any immune response. Vital for the viability of cells encapsulated in the 

material is the possibility for transport of gasses and nutrients through the material. 

The OSTE materials tested in this work are with respect to these criteria not suitable as 

biocompatible materials. Compared to PDMS, studies of thiol-ene network have 

shown that the gas permeability is low
58

. From results achieved in this work (see 

section 3.3.), it was however shown that HEP G2 cells could grow and proliferate for 

at least five days on a certain type of OSTE materials with low thiol off-stoichiometry. 

On the other hand, preliminary results also suggest that high thiol off-stoichiometry 

might be cytotoxic. Thus, the reason for the low cell viability on high level monomer 

excess OSTE materials is assumed to be due to the chemical nature of the monomers 

in excess. 

 

The leaching of the monomers has not been studied in this work. However, a previous 

report of OSTE-PTMA 90% monomer extraction suggests that the monomer 

extraction in water is low ~ 0% but higher in chloroform ~8% 
6
. This suggests that 

there are free and mobile monomers in the OSTE materials. Furthermore, that the 

surface chemistry and the local surface environment might then get increasingly 

unfriendly for cells as the thiol monomer excess increases. For example, if one 

assumes complete reaction between the available thiols and allyls, there would be 

0,9/1,9 = 0,474 thiols groups that would be unreacted for OSTE-thiol 90%. Due to 

four functional groups on each monomer, this would lead to 0,474^4 = 5 % thiol 

monomers which would not have covalently bonded to the polymer network and that 

would be leachable. This approximation also gives (0,3/1,3)^4 = 0,3% free thiol 

monomers for OSTE-thiol 30%. In reality the percentage is higher due to that the 

polymerization reaction will not give 100% yield.  

4.2. Overall working process 
In this project the performance of a novel material was investigated in three quite different 

areas. The project approach formulated for the project (see section 1.4.) served as a 

backbone for the practical work and all goals in the approach were eventually reached. 

However, for practical reasons the experiments in the different areas of the work approach 

was done in parallel and not in a sequential fashion. This demanded continuous results 

evaluation, work planning and prioritization among the experiments. 

 

In the beginning of the project, the main aim was on creating a structure for cell studies 

and the focus was on the initial cell seeding experiment. However, the first results 

suggested that the material would possibly not be suitable for cell studies. This had major 

implications for the continued work process and the project focus was split into the three 

aims listed in section 1.2. This resulted in a more wide approach which gave a larger 

overall picture of the material properties. On the other hand, due to several experiments in 

parallel it was hard to get deep insight and detailed knowledge on each area due to time 

issues. For example, optimization on the performance of PEDOT:PSS on OSTE was not 

done and the development of a working method for studying sagging of OSTE channels 

was also not done. However, the project goal was not to perform a detailed analysis in one 

specific area, but rather to get a more general knowledge of the novel material. In that 

sense the approach was successful with respect to the limited time for the project. 
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4.3. Conclusions and future outlook 
The results achieved from experiments in this project have led to conclusions in the three 

major areas defined by the project aims (see section 1.2.). A short comment on the 

possible future development in each area will also be given. 

4.3.1. OSTE as materials compatible with cells 
Conclusion: 

Results from studies with HEP G2 cells suggest that cells can proliferate on OSTE-

PTMP materials (see section 3.3.). However, OSTE-PTMP with high levels of free 

thiol functionalities present decreases the cell viability. Thus, for high viability the 

thiol off-stoichiometry needs to be low. 

 

Future development: 

Low thiol off-stoichiometry would in turn lead to a stiffer material with fewer free 

functional groups for surface modification or functionalization. With this in mind, 

OSTE-thiols might not be a material with major applications as an interface with cells. 

On the other hand, as seen in the cell seeding experiments, OSTE with low thiol off-

stoichiometry shows cell viability similar to poly(styrene) for a five days period. A 

further development for OSTE materials is to create a material with minimal monomer 

leaching but still with the possibility for surface modification and bonding to different 

surfaces. These new types of OSTE materials called OSTE (+) have recently been 

introduced by F. Saharil et al.
59

. OSTE (+) uses a third epoxy monomer which will 

react with the remaining free thiols after a thermal second curing step. The material 

will after the first curing step have free thiol and epoxy functionalities which can be 

used for bonding and surface modification. During the second curing step, the free 

thiol and epoxies will react and the resulting material will have minimal monomer 

leaching. 

4.3.2. Possibilities using OSTE in micro- and nanostructuring 
Conclusion: 

Similar to PDMS, it is possible to create OSTE materials in the nanoscale by using 

simple soft lithography methods described in section 3.4. Channels with the 

dimensions of ~ 400 nm x 15 nm have been molded from a PDMS template. 

 

Future development: 

The OSTE materials offer several advantages compared to PDMS, such as fast 

polymerization, more stable surface treatments and low temperature bonding via thiol-

ene click chemistry. For future development and commercialization of sensor systems 

and lab-on-chip devices, it is crucial to use materials which enable low cost and 

scalable manufacturing of these devices. By using OSTE materials it might be possible 

to use a technique such as reaction injection molding
55, 57

 to achieve fast and scalable 

manufacturing. Furthermore, the results in this work also suggest that future 

experiments for the stretching of DNA in OSTE nanochannels might be relevant. 

However, no attempts have been made to stretch DNA in this work. As a rule of 

thumb, for the stretching of DNA dimensions approaching the persistence length of 

DNA at ~50 nm is necessary
47

. However, DNA stretching have previously been 

realized by electrokinetically loading of bacteriophages DNA in 100 nm high and 1 

µm wide PDMS channels
45

. Thus, with the advantages such as possibility for low 

temperature bonding to several substrates and facile surface modification, future 

OSTE nanosystems for DNA studies might be promising. 
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4.3.3. OSTE as an electronic interface using conducting polymers 
Conclusion: 

A dispersion of the conducting polymer PEDOT:PSS with certain additives (see 

section 3.6. and 4.1. question 3) can be adsorbed on an OSTE film. In the experiment 

performed in this work, the annealed PEDOT:PSS film had an electrical resistance of 

~5 kΩ.  

 

Future development: 

OSTE materials might be used as flexible electronic interfaces. However, for 

microfluidics applications there is a need to improve the water resistance. More work 

is also needed to improve the performance such as conductivity but also to investigate 

the possibility of micro- and nanopatterning of conducting polymers on the material.
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Appendix  
 

A. Monomer and photoinitiator amount in OSTE-PTMP fabrication 
In this example, the amounts of monomers and photoinitiator needed for fabrication of 

OSTE-PTMP 90% is calculated. 

 

PTMP, 488,66 g/mol, have four thiol functionalities and TATATO, 249,27 g/mol, have 

three allyl functionalities. For 90% off-stoichiometry and 0,5 g TATATO this gives (see 

eq. 1 in section 2.4. or section 3.2.1.): 

 
  

   
    

           
 
       

 
 
 

             mol PTMP monomer 
 

 

                    
 

   
         g of PTMP monomer 

 

Then add 0,5 wt% photoinitiator to the PTMP + TATATO mixture. 

 
For other off-stoichiometry see the following table: 

Amount of 

PTMP [g] 

Amount of 

TATATO [g] 

PTMP 

Off-stoichiometry [%] 

Photoinitiator 

needed for 

0,5 wt% [mg] 

3,7051 1,0 152 23,53 

1,3968 0,5 90 9,48 

1,1762 0,5 60 8,38 

0,9557 0,5 30 7,28 

0,7351 0,5 0 6,18 
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B. One-way ANOVA F-test analysis for contact angle measurements 
From the Minitab analysis hypothesis testing and Tukey confidence intervals could be 

made for the contact angle experiments I and II. The results from the analysis are 

presented below: 

 

Contact angle experiment I 
The experimental data that were analyzed with Minitab were sorted into one column 

with the corresponding subscript in a second column. 

 

OSTE-
PTMA 

05MPEGDA-
MeOH 

05MPEGMA-
MeOH EXP1 var1 

62,995 48,074 48,996 62,995 1 

67,842 47,43 48,543 67,842 1 

64,954 53,478 49,271 64,954 1 

 
47,484 

 
48,074 2 

 
48,531 

 
47,43 2 

 
45,432 

 
53,478 2 

 
41,821 

 
47,484 2 

 
43,401 

 
48,531 2 

   
45,432 2 

   
41,821 2 

   
43,401 2 

   
48,996 3 

   
48,543 3 

   
49,271 3 

 

By using the output from the Minitab analysis, the following hypothesis was tested: 

 

Test: 

H0: µ1= µ2=µ3 

H1: H0 is not true for at least one µi, i=1,2,3. 

 

With significance level α=0,05 

 

From the Minitab analysis, the F-test gives the test statistic v = 41,29 and H0 is 

rejected for large v. 

 

F-distribution table F0.95(degrees of freedom for var1, degrees of freedom for Error) = 

F0.95(2,11) gives c ≈ 3,995. 

Thus, v > c and H0 is rejected with significance level α=0,05. Thus, there are 

differences between the samples with 95 % probability (P<0,001). 

 

For the Tukey confidence intervals see the Minitab output below: 
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Output from Minitab analysis: One-way ANOVA: EXP1 versus var1  
 
Source  DF      SS      MS      F      P 

var1     2  752,64  376,32  41,29  0,000 

Error   11  100,26    9,11 

Total   13  852,90 

 

S = 3,019   R-Sq = 88,24%   R-Sq(adj) = 86,11% 

 

 

                         Individual 95% CIs For Mean Based on 

                         Pooled StDev 

Level  N    Mean  StDev  ------+---------+---------+---------+--- 

1      3  65,264  2,438                          (----*-----) 

2      8  46,956  3,548  (--*--) 

3      3  48,937  0,368  (-----*----) 

                         ------+---------+---------+---------+--- 

                            49,0      56,0      63,0      70,0 

 

Pooled StDev = 3,019 

 

 

Tukey 95% Simultaneous Confidence Intervals 

All Pairwise Comparisons among Levels of var1 

 

Individual confidence level = 97,94% 

 

 

var1 = 1 subtracted from: 

 

var1    Lower   Center    Upper      +---------+---------+---------+--------- 

2     -23,828  -18,307  -12,786      (------*------) 

3     -22,985  -16,327   -9,669       (--------*-------) 

                                     +---------+---------+---------+--------- 

                                 -24,0     -16,0      -8,0       0,0 

 

 

var1 = 2 subtracted from: 

 

var1   Lower  Center  Upper      +---------+---------+---------+--------- 

3     -3,541   1,980  7,501                                (-----*------) 

                                 +---------+---------+---------+--------- 

                             -24,0     -16,0      -8,0       0,0 
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Contact angle experiment II 
The experimental data that were analyzed with Minitab were sorted into one column 

with the corresponding subscript in a second column. 

 
OSTE-
PTMP 

5%PEGMA-
tol 

5%PEGMA-
MeOH EXP2 Var2 

68,374 58,681 28,784 68,374 1 

69,116 63,263 43,913 69,116 1 

67,035 65,039 40,11 67,035 1 

65,855 54,226 
 

65,855 1 

   
58,681 2 

   
63,263 2 

   
65,039 2 

   
54,226 2 

   
28,784 3 

   
43,913 3 

   
40,11 3 

 

By using the output from the Minitab analysis, the following hypothesis was tested: 

 

Test: 

H0: µ1= µ2=µ3 

H1: H0 is not true for at least one µi, i=1,2,3. 

 

With significance level α=0,05 

 

From the Minitab analysis, the F-test gives the test statistic v = 32,27 and H0 is 

rejected for large v. 

 

F-distribution table F0.95(degrees of freedom for var2, degrees of freedom for Error) = 

F0.95(2,8) gives c = 4,46. 

Thus, v > c and H0 is rejected with significance level α=0,05. Thus, there are 

differences between the samples with 95 % probability (P<0,001). 

 

For the Tukey confidence intervals see the Minitab output below: 
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Output from Minitab analysis: One-way ANOVA: EXP2 versus var2  
 

Source  DF      SS     MS      F      P 

var2     2  1620,8  810,4  32,27  0,000 

Error    8   200,9   25,1 

Total   10  1821,7 

 

S = 5,011   R-Sq = 88,97%   R-Sq(adj) = 86,22% 

 

 

                         Individual 95% CIs For Mean Based on 

                         Pooled StDev 

Level  N    Mean  StDev  ----+---------+---------+---------+----- 

1      4  67,595  1,445                            (---*----) 

2      4  60,302  4,856                     (----*----) 

3      3  37,602  7,870  (----*-----) 

                         ----+---------+---------+---------+----- 

                            36        48        60        72 

 

Pooled StDev = 5,011 

 

 

Tukey 95% Simultaneous Confidence Intervals 

All Pairwise Comparisons among Levels of var2 

 

Individual confidence level = 97,87% 

 

 

var2 = 1 subtracted from: 

 

var2    Lower   Center    Upper    +---------+---------+---------+--------- 

2     -17,415   -7,293    2,830               (----*----) 

3     -40,926  -29,993  -19,059    (----*----) 

                                   +---------+---------+---------+--------- 

                                 -40       -20         0        20 

 

 

var2 = 2 subtracted from: 

 

var2    Lower   Center    Upper    +---------+---------+---------+--------- 

3     -33,633  -22,700  -11,766       (-----*----) 

                                   +---------+---------+---------+--------- 

                                 -40       -20         0        20 
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C. One-way ANOVA F-test analysis for cell seeding experiments 
From the Minitab analysis hypothesis testing and Tukey confidence intervals could be 

made for the two fluorometry experiments. The results from the analysis are presented 

below: 

 
First fluorometry experiment 
The experimental data that were analyzed with Minitab were sorted into one column 

with the corresponding subscript in a second column. 

 

op0 op30 op60 op90 oa0 oa30 oa60 oa90 PS Blank Intensity Sample 

1262 1230 1301 248 118 122 136 215 1405 106 1262 1 

952 558 797 342 166 122 533 216 1294 
 

952 1 

979 459 1062 624 278 146 122 225 1299 
 

979 1 

        
1343 

 
1230 2 

        
1370 

 
558 2 

        
1371 

 
459 2 

          
1301 3 

          
797 3 

          
1062 3 

          
248 4 

          
342 4 

          
624 4 

          
118 5 

          
166 5 

          
278 5 

          
122 6 

          
122 6 

          
146 6 

          
136 7 

          
533 7 

          
122 7 

          
215 8 

          
216 8 

          
225 8 

          
1405 9 

          
1294 9 

          
1299 9 

          
1343 9 

          
1370 9 

          
1371 9 

          
106 10 
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By using the output from the Minitab analysis, the following hypothesis was tested: 

 

Test: 

H0: µ1=…=µ10 

H1: H0 is not true for at least one µi, i=1,2,…,10. 

 

With significance level α=0,05 

 

From the Minitab analysis, the F-test gives the test statistic v = 21,49 and H0 is 

rejected for large v. 

 

F-distribution table F0.95(degrees of freedom for Sample, degrees of freedom for Error) 

= F0.95(9,21) gives c ≈ 2,372. 

Thus, v > c and H0 is rejected with significance level α=0,05. Thus, there are 

differences between the samples with 95 % probability (P<0,001). 

 

For the Tukey confidence intervals see the Minitab output below: 

 

Output from Minitab analysis: One-way ANOVA: Intensity versus Sample  
 

Source  DF       SS      MS      F      P 

Sample   9  6881063  764563  21,49  0,000 

Error   21   747048   35574 

Total   30  7628111 

 

S = 188,6   R-Sq = 90,21%   R-Sq(adj) = 86,01% 

 

 

                         Individual 95% CIs For Mean Based on 

                         Pooled StDev 

Level  N    Mean  StDev  ------+---------+---------+---------+--- 

 1     3  1064,3  171,7                         (---*----) 

 2     3   749,0  419,5                  (----*----) 

 3     3  1053,3  252,1                         (---*----) 

 4     3   404,7  195,7            (---*----) 

 5     3   187,3   82,1       (----*---) 

 6     3   130,0   13,9      (----*---) 

 7     3   263,7  233,4         (---*----) 

 8     3   218,7    5,5        (---*----) 

 9     6  1347,0   43,8                                (--*--) 

10     1   106,0      *  (-------*-------) 

                         ------+---------+---------+---------+--- 

                               0       500      1000      1500 

 

Pooled StDev = 188,6 
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Tukey 95% Simultaneous Confidence Intervals 

All Pairwise Comparisons among Levels of Sample 

 

Individual confidence level = 99,80% 

 

 

Sample =  1 subtracted from: 

 

Sample    Lower  Center   Upper      +---------+---------+---------+--------- 

 2       -857,6  -315,3   227,0                 (-----*----) 

 3       -553,3   -11,0   531,3                    (-----*----) 

 4      -1202,0  -659,7  -117,4              (----*-----) 

 5      -1419,3  -877,0  -334,7            (----*-----) 

 6      -1476,6  -934,3  -392,0           (-----*----) 

 7      -1343,0  -800,7  -258,4             (----*----) 

 8      -1388,0  -845,7  -303,4            (-----*----) 

 9       -187,0   282,7   752,3                        (----*----) 

10      -1725,3  -958,3  -191,4         (------*-------) 

                                     +---------+---------+---------+--------- 

                                 -2000     -1000         0      1000 

 

 

Sample =  2 subtracted from: 

 

Sample    Lower  Center   Upper      +---------+---------+---------+--------- 

 3       -238,0   304,3   846,6                        (----*----) 

 4       -886,6  -344,3   198,0                 (-----*----) 

 5      -1104,0  -561,7   -19,4               (----*-----) 

 6      -1161,3  -619,0   -76,7              (-----*----) 

 7      -1027,6  -485,3    57,0                (----*-----) 

 8      -1072,6  -530,3    12,0               (-----*----) 

 9        128,4   598,0  1067,6                           (----*----) 

10      -1409,9  -643,0   123,9            (-------*------) 

                                     +---------+---------+---------+--------- 

                                 -2000     -1000         0      1000 

 

 

Sample =  3 subtracted from: 

 

Sample    Lower  Center   Upper      +---------+---------+---------+--------- 

 4      -1191,0  -648,7  -106,4              (-----*----) 

 5      -1408,3  -866,0  -323,7            (----*-----) 

 6      -1465,6  -923,3  -381,0           (-----*----) 

 7      -1332,0  -789,7  -247,4             (----*-----) 

 8      -1377,0  -834,7  -292,4            (-----*----) 

 9       -176,0   293,7   763,3                        (----*----) 

10      -1714,3  -947,3  -180,4         (-------*------) 

                                     +---------+---------+---------+--------- 

                                 -2000     -1000         0      1000 

 

 

Sample =  4 subtracted from: 

 

Sample    Lower  Center   Upper      +---------+---------+---------+--------- 

 5       -759,6  -217,3   325,0                  (-----*----) 

 6       -817,0  -274,7   267,6                  (----*-----) 

 7       -683,3  -141,0   401,3                   (-----*----) 

 8       -728,3  -186,0   356,3                   (----*-----) 

 9        472,7   942,3  1412,0                               (---*----) 

10      -1065,6  -298,7   468,3               (-------*-------) 

                                     +---------+---------+---------+--------- 

                                 -2000     -1000         0      1000 
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Sample =  5 subtracted from: 

 

Sample   Lower  Center   Upper      +---------+---------+---------+--------- 

 6      -599,6   -57,3   485,0                    (----*-----) 

 7      -466,0    76,3   618,6                     (-----*----) 

 8      -511,0    31,3   573,6                     (----*-----) 

 9       690,0  1159,7  1629,3                                 (----*---) 

10      -848,3   -81,3   685,6                  (------*-------) 

                                    +---------+---------+---------+--------- 

                                -2000     -1000         0      1000 

 

 

Sample =  6 subtracted from: 

 

Sample   Lower  Center   Upper      +---------+---------+---------+--------- 

 7      -408,6   133,7   676,0                      (----*-----) 

 8      -453,6    88,7   631,0                     (-----*----) 

 9       747,4  1217,0  1686,6                                 (----*----) 

10      -790,9   -24,0   742,9                  (-------*------) 

                                    +---------+---------+---------+--------- 

                                -2000     -1000         0      1000 

 

 

Sample =  7 subtracted from: 

 

Sample   Lower  Center   Upper      +---------+---------+---------+--------- 

 8      -587,3   -45,0   497,3                    (-----*----) 

 9       613,7  1083,3  1553,0                                (----*----) 

10      -924,6  -157,7   609,3                 (------*-------) 

                                    +---------+---------+---------+--------- 

                                -2000     -1000         0      1000 

 

 

 

Sample =  8 subtracted from: 

 

Sample   Lower  Center   Upper      +---------+---------+---------+--------- 

 9       658,7  1128,3  1598,0                                 (---*----) 

10      -879,6  -112,7   654,3                 (-------*-------) 

                                    +---------+---------+---------+--------- 

                                -2000     -1000         0      1000 

 

 

Sample =  9 subtracted from: 

 

Sample    Lower   Center   Upper     +---------+---------+---------+--------- 

10      -1958,4  -1241,0  -523,6      (-------*------) 

                                     +---------+---------+---------+--------- 

                                  -2000     -1000         0      1000 
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Second fluorometry experiment 
The experimental data that were analyzed with Minitab were sorted into one column 

with the corresponding subscript in a second column. 

 

op0 op30 op60 op90 PS Blank Intensity Sample 

2848,00 2805,00 2689,00 448,00 2533,00 178,00 2848,00 1 

2201,00 2557,00 2490,00 414,00 2462,00 171,00 2201,00 1 

2643,00 2598,00 2677,00 810,00 2449,00 169,00 2643,00 1 

2560,00 2607,00 2455,00 475,00 2411,00 174,00 2560,00 1 

2462,00 2541,00 2435,00 429,00 2438,00 174,00 2462,00 1 

2786,00 2268,00 2276,00 443,00 2534,00 174,00 2786,00 1 

      
2805,00 2 

      
2557,00 2 

      
2598,00 2 

      
2607,00 2 

      
2541,00 2 

      
2268,00 2 

      
2689,00 3 

      
2490,00 3 

      
2677,00 3 

      
2455,00 3 

      
2435,00 3 

      
2276,00 3 

      
448,00 4 

      
414,00 4 

      
810,00 4 

      
475,00 4 

      
429,00 4 

      
443,00 4 

      
2533,00 5 

      
2462,00 5 

      
2449,00 5 

      
2411,00 5 

      
2438,00 5 

      
2534,00 5 

      
178,00 6 

      
171,00 6 

      
169,00 6 

      
174,00 6 

      
174,00 6 

      
174,00 6 
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By using the output from the Minitab analysis, the following hypothesis was tested: 

 

Test: 

H0: µ1=…=µ6 

H1: H0 is not true for at least one µi, i=1,2,…,6. 

 

With significance level α=0,05 

 

From the Minitab analysis, the F-test gives the test statistic v = 343,95 and H0 is 

rejected for large v. 

 

F-distribution table F0.95(degrees of freedom for Sample, degrees of freedom for Error) 

= F0.95(5,30) gives c = 2,53. 

Thus, v > c and H0 is rejected with significance level α=0,05. Thus, there are 

differences between the samples with 95 % probability (P<0,001). 

 

For the Tukey confidence intervals see the Minitab output below: 

 

Output from Minitab analysis: One-way ANOVA: Intensity versus Sample  
 

Source  DF        SS       MS       F      P 

Sample   5  38812218  7762444  343,95  0,000 

Error   30    677061    22569 

Total   35  39489279 

 

S = 150,2   R-Sq = 98,29%   R-Sq(adj) = 98,00% 

 

 

                         Individual 95% CIs For Mean Based on 

                         Pooled StDev 

Level  N    Mean  StDev  ---------+---------+---------+---------+ 

1      6  2583,3  235,0                                    (-*-) 

2      6  2562,7  172,8                                    (-*) 

3      6  2503,7  157,2                                   (-*-) 

4      6   503,2  151,7      (-*-) 

5      6  2471,2   51,1                                   (*-) 

6      6   173,3    3,1  (*-) 

                         ---------+---------+---------+---------+ 

                                700      1400      2100      2800 

 

Pooled StDev = 150,2 

 

 

Tukey 95% Simultaneous Confidence Intervals 

All Pairwise Comparisons among Levels of Sample 

 

Individual confidence level = 99,51% 

 

 

Sample = 1 subtracted from: 

 

Sample    Lower   Center    Upper  --------+---------+---------+---------+- 

2        -284,4    -20,7    243,1                  (-*-) 

3        -343,4    -79,7    184,1                  (*-) 

4       -2343,9  -2080,2  -1816,4    (-*-) 

5        -375,9   -112,2    151,6                 (-*-) 

6       -2673,7  -2410,0  -2146,3  (-*-) 

                                   --------+---------+---------+---------+- 

                                       -1500         0      1500      3000 
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Sample = 2 subtracted from: 

 

Sample    Lower   Center    Upper  --------+---------+---------+---------+- 

3        -322,7    -59,0    204,7                  (-*) 

4       -2323,2  -2059,5  -1795,8     (*-) 

5        -355,2    -91,5    172,2                  (*-) 

6       -2653,1  -2389,3  -2125,6  (-*-) 

                                   --------+---------+---------+---------+- 

                                       -1500         0      1500      3000 

 

 

Sample = 3 subtracted from: 

 

Sample    Lower   Center    Upper  --------+---------+---------+---------+- 

4       -2264,2  -2000,5  -1736,8     (-*) 

5        -296,2    -32,5    231,2                  (-*-) 

6       -2594,1  -2330,3  -2066,6   (*-) 

                                   --------+---------+---------+---------+- 

                                       -1500         0      1500      3000 

 

 

Sample = 4 subtracted from: 

 

Sample   Lower  Center   Upper  --------+---------+---------+---------+- 

5       1704,3  1968,0  2231,7                               (-*-) 

6       -593,6  -329,8   -66,1                (-*-) 

                                --------+---------+---------+---------+- 

                                    -1500         0      1500      3000 

 

 

Sample = 5 subtracted from: 

 

Sample    Lower   Center    Upper  --------+---------+---------+---------+- 

6       -2561,6  -2297,8  -2034,1   (-*) 

                                   --------+---------+---------+---------+- 

                                       -1500         0      1500      3000 
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D. Nanopatterned silicon/SU8 master, NAPA 
The nanopatterned silicon/SU8 template consisted of the following test structures and 

their inverted counterparts. 

Type Line Width / Size Spacing 

Mesh 20nm 400nm 

Mesh 40nm 800nm 

Mesh 100nm 2µm 

Mesh 200nm 4µm 

Mesh 400nm 8µm 

Mesh 600nm 12µm 

Dots 80nm 320nm 

Dots 100nm 400nm 

Dots 200nm 800nm 

Dots 1µm 4µm 

Dots 5µm 20µm 

Lines&Spaces 40nm 400nm 

Lines&Spaces 60nm 600nm 

Lines&Spaces 100nm 1µm 

Lines&Spaces 100nm 400nm 

Lines&Spaces 200nm 2µm 

Lines&Spaces 1µm 4µm 

Lines&Spaces 5µm 20µm 

Lines&Spaces 10µm 10µm 

Linelets 400nmx100nm 400nm/800nm 

Packed Lines 100nm 400nm/3,9µm 

Circular Test Structure-Array 2µm – 100µm / 

 


