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1. Introduction 

Organosilicon chemistry and the synthesis of polysiloxanes have been a ma-

jor field of interest of the Inorganic Chemistry Department since Professor József 

Nagy started his pioneer work on the solvent-free Grignard reactions of alkoxy 

silanes. I joined to the department’s research work as a sophomore.  

During my PhD years I synthesized several hydroxyl functional disiloxanes 

that are suitable for preparing poly(siloxane-urethane) copolymers and networks 

(PSiUs). Our purposes were to find simple methods for their synthesis, to 

demonstrate that these compounds are applicable as chain extenders in PSiUs, 

and to prepare PSiUs of high polysiloxane content showing good thermal and 

mechanical properties especially high tensile strength.  

The other project I worked on at University of Wisconsin-Madison was the 

synthesis and characterization of some silafluorene and silole derivatives. Our 

aim was to synthesize blue-fluorescing compounds of high quantum yield effi-

ciency that are applicable in OLEDs. Another aim was to synthesize some alu-

minoquinaldinate derivatives of silole and silafluorene that might be used as do-

pant-free emissive layers in OLEDs. The solid state fluorescence and electrolu-

minescence measurements were carried out in cooperation with The Hong-Kong 

University of Science and Technology.  

2. Literature Overview 

2.1 Hydroxyl functional disiloxanes and their application in PSiUs 

Several hydroxyl functional siloxanes have been known for a long time but 

most of them have not been characterized thoroughly. The most investigated one 

is 1,3-bis(-hydroxypropyl)-1,1,3,3-tetramethyl disiloxane usually synthesized in 

a hydrosilylation reaction with H2PtCl6∙6H2O (Speier’s catalyst) or Pt-divinyl-

tetramethyl-disiloxane complex (Karstedt catalyst), but so far the yield of the re-

action has been low, 30%.
1
 Also 1,3-bis(hydroxymethyl)-1,1,3,3-tetramethyl dis-

iloxane was synthesized already in 1949
2
, but its application has not spread, be-

                                                 
1 F. Braun, L. Willner, M. Hess, R. Kosfeld,  Journal of Organometallic Chemistry, 332(1-2), 63-

68 (1987). 
2 J.L. Speier, B.F. Daubert, R.R. McGregor, Journal of the American Chemical Society, 71, 

1474-1475 (1949). 
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cause it was reported as an unstable liquid, which resinifies on standing.  

Hydroxyester functionalized disiloxanes are the object of only one patent 

published in 1956 and no other references are available.
3
 Accordingly no basic 

physical and spectroscopic data have been reported yet. Their application in pol-

yurethanes has never been mentioned, though due to their polar carbonyl group 

they possess very desirable properties.  

It was revealed that these hydroxyl functional disiloxanes can be reacted with 

isocyanates to form urethane bonds.
4,5 

Thus, they can be used as chain extenders 

in poly(siloxane-urethane) copolymers and networks (PSiUs) improving the mis-

cibility of the polysiloxane and isocyanate moieties. 

Blending the unique properties of polysiloxanes (PSis) and polyurethanes 

(PUs) in one polymer system has challenged several research groups. Theoreti-

cally the wide service temperature (from -120 °C to 120 °C), hydrolytic and oxi-

dative stability, low surface energy, good biocompatibility, and good hemocom-

patibility of PSis can be aided by the excellent mechanical properties of PUs. In-

vestigations have revealed that simple blending of these materials is totally un-

satisfactory; the major reason for deterioration of physical properties is the in-

compatibility of the non-polar siloxane soft segments (SS) with polar urethane 

hard segments (HS) and the weak interfacial adhesion between them.  

There were several attempts to moderate phase separation. Different prepara-

tion techniques were compared; the PSi backbone was modified with polar side 

chains or end groups, or a second comacrodiol (typically a polyether polyol) was 

added to the PSis
6
 in order to improve the segment compatibility and so the me-

chanical and thermal properties. Cross-linking has also positive effect on the 

physical characteristics of PSiUs.
7 

There were also a few efforts approaching the 

phase miscibility problem by altering the chain extender in the hard segments.
8,9

 

                                                 
3 R.R. Merker, US Patent 2;770;631; November 1956. 
4 G. Greber, S. Jager, Makromolekulare Chemie, 57, 150-191 (1962). 
5G. Kossmehl, W. Neumann, H. Schafer, Makromolekulare Chemie-Macromolecular Chemistry 

and Physics, 187(6), 1381-1388 (1986). 
6 R. Adhikari, P.A. Gunatillake, S.J. McCarthy, C.F. Meijs, Journal of Applied Polymer Science, 

78(5), 1071-1082 (2000). 
7 J.V. Dzunuzovic, M.V. Pergal, R. Poreba, S. Ostojic, N. Lazic, M. Spirkova, S. Jovanovic, In-

dustrial & Engineering Chemistry Research 51(33) 10824-10832 (2012). 
8 R. Adhikari, P.A. Gunatillake, S.J. McCarthy, M. Bown, G.F. Meijs, Journal of Applied Poly-

mer Science, 87(7), 1092-1100 (2003). 
9 R. Adhikari, P.A. Gunatillake, S.J. McCarthy, G.F. Meijs, Journal of Applied Polymer Science, 
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Thermal degradation of PSiUs was studied in several papers.
 
The effect of 

two disiloxanes on the thermal behavior was also investigated. It was revealed 

that 1,3-bis(4-hydroxybutyl)1,1,3,3-tetramethyldisiloxane, a dihydroxyalkyl dis-

iloxane, is more thermally stable in the initial step than the diamino functional 

example molecule, or 1,4-butanediol.
10

 Thermal degradation of PSiUs was stud-

ied using mostly thermogravimetric analysis (TGA)
10

, sometimes coupled with 

Fourier transform infrared spectroscopy (TG-FTIR)
11

, but isothermal thermogra-

vimetry (TG) was not favored usually, though it is one of the best methods to in-

vestigate thermal stability.
  

Relationship between the structure and the mechanical properties of PSiUs 

was investigated expansively by using dynamic mechanical thermal analysis 

(DMTA).
7,8

 Depending on the composition of the polymers, two or three glass 

transition temperatures (Tg) were observed according to tan, which indicates the 

phase separation. One Tg was observed from -128 °C to -90 °C, which belongs to 

the glass transition of the siloxane SS, and Tg of the HS ranges between -15 °C 

and +85 °C strongly depending on its structure. Cross-linked PSiUs showed def-

initely higher Tgs, and different chain extenders have also very strong effect on 

the Tg of the HS.
 7,8

   

2.2 Fluorescent cyclic organosilicon compounds 

Two main classes of siloles can be distinguished: substituted siloles and si-

loles fused with aromatic rings such as silafluorenes (Scheme 1).  

   
Scheme 1 General structure of siloles (a) and silafluorenes (b) 

Development of siloles has been motivated by their potential use in organic 

electroluminescence devices due to their particular electronic structure. 

Most siloles have phenyl groups on the carbon atoms of the ring and only the 

                                                                                                                                    
83(4), 736-746 (2002). 
10 F.S. Chuang, W.C. Tsen, Y. Shu, Polymer Degradation and Stability, 84(1), 69-77 (2004). 
11 J.T. Yeh, Y.C. Shu, Journal of Applied Polymer Science 115(5), 2616-2628 (2010). 



4 

 

substituents on the silicon atom are altered.
12

 Substituents on the silicon have a 

significant effect on the properties of the silole, and such compounds emit blue 

or green light.
13

 

Most syntheses of silafluorenes are based on biphenyl precursors, and pro-

vide symmetric silafluorenes (Scheme 2), but recently different methods have al-

so been reported expanding the variety of silafluorene species.
14

  

 
Scheme 2 Synthesis of 9-silafluorene 

With molecular modification, electronic and optical properties of -

conjugated compounds can be tuned; thus attaching conjugating substituents to 

the symmetric silafluorene ring can lead to bathochromic shift, driving the emis-

sion maximum of the silafluorenes from the UV into the blue region.
15

 Attaching 

different groups to the silicon atom in the silafluorene ring also influences the 

fluorescence quantum yield efficiency.
16

 

Some optoelectronic properties impossible for small silole molecules may be 

realized in silole-incorporated polymers. These polymers can be linked as 

poly(2,5-silole), poly(2,7-silafluorene), poly(3,6-silafluorene) or through the sili-

con atom resulting in a polysilane, polysiloxane homopolymer, but also copoly-

mers were synthesized with the same reactive monomers.
17

 As polysilanes, poly-

thiophenes, or the compositions of both were found to bear semiconducting fea-

tures, it is desirable to incorporate them in silole or silafluorene containing pol-

ymers.
18

 

                                                 
12 J.Y. Corey,  Advances in Organometallic Chemistry, 59, 1-180 (2011). 
13 B.Z. Tang, X. Zhang, G. Yu, P.P.S. Lee, Y. Liu, D. Zhu, Journal of Materials Chemistry, 11, 

2974-2978 (2001). 
14 J.Y. Corey, Advances in Organometallic Chemistry, 59, 181-328 (2011). 
15 M. Shimizu, K. Mochida, M. Katoh, T. Hiyama, The Journal of Physical Chemistry C, 114, 

10004-10014 (2010). 
16 Y. Yabusaki, N. Ohshima, H. Kondo, T. Kusamoto, Y. Yamanoi, H. Nishihara, Chemistry – A 

European Journal, 16, 5581-5585 (2010). 
17 J. Chen, Y. Cao, Macromolecular Rapid Communication, 28, 1714-1742 (2007). 
18 S.A. Ponomarenko, S. Kirchmeyer, Advances in Polymer Science, 235, 33-110 (2011). 
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In general, many conjugated organic emitters are highly emissive in dilute 

solution but become weakly luminescent when fabricated into thin films due to 

aggregate formation in the solid state. Since Tang and coworkers described the 

aggregation–induced emission (AIE) phenomenon of 1-methyl-1,2,3,4,5-

pentaphenyl silole, many silole derivatives have been found to exhibit unusual 

AIE properties.
19

 All these compounds are barely luminescent in organic solu-

tions, but emit very intensely in aggregated phase, so in nano-aggregated form or 

in thin films. The main cause for AIE is the restricted intramolecular rotation 

(RIR) in aggregated form. The phenyl substituents on the silole ring provide a 

non-radiative extinction pathway for decay in solution, where the phenyl groups 

can rotate freely. In solid state or aggregated form the rotation is hindered, and 

the molecules decay mostly in a radiative way increasing immensely the lumi-

nescence efficiency. Also in some cases where the molecules are emissive al-

ready in the organic solution, the increase of the emission intensity is less dra-

matic; this phenomenon is the aggregation enhanced emission (AEE).
19

 AIE 

makes siloles even more attractive for OLED fabrication.  

Tris(8-hydroxyquinolinato) aluminum (Alq3) is the most studied electron 

transporting emitter material used in OLEDs. It has been the first stable green 

light emitting compound used in electroluminescent devices and used since 

then.
20

 Alq3 belongs to a class of metal chelates known as “inner complex salt”, 

in which the metal complex ion, Al
3+

, is surrounded by three bidentate 8-

hydroxyquinoline anions. There have been several attempts to alter the electron 

transporting and fluorescence properties of Alq3 i. a. to obtain blue emitters. 

Electronic structure and so the color of the emitted light can be tuned varying the 

ligands of aluminum, or with different substituents on the quinolinate ligand. 

E.g. tris(2-methyl-8-hydroxyquinolinate) aluminum (AlQ3) emits blue light 

(max= 495nm)
21

, but unfortunately AlQ3 is not stable in air, it tends to oxidize 

and forms the stable bis(2-methyl-8-quinolinolato) aluminum(III)–-oxo-bis(2-

methyl-8-quinolinolato) aluminum(III) (Q2Al-O-AlQ2)
22

, which is also a blue-

emitter (FL= 23%), with almost the same emission, max= 495nm, as AlQ3.
23

 

                                                 
19 Y. Hong, J.W.Y. Lam, B.Z. Tang, Chemical Society Reviews, 40, 5361-5388 (2011). 
20 A.P. Kulkarni, C.J. Tonzola, A. Babel, S.A. Jenekhe, Chemical Materials, 16, 4556-4573 

(2004). 
21 M. Matsumura, T. Akai, Japanese Journal of Applied Physics, 35, 5357-5360 (1996). 
22 Y. Kushi, Q. Fernando, Journal of the American Chemical Society, 92 (1), 91-96 (1970). 
23 T. Iijima, T. Yamamoto, Journal of Organometallic Chemistry, 691, 5016-5023 (2006). 
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3. Synthetic and characterization methods 

The basic material for the synthesis of some hydroxyl functional disilox-

anes, chloromethyl-dimethylchlorosilane, was synthesized in our laboratory after 

Speier’s method
24

 from trimethylchlorosilane. Some hydroxyl functional disilox-

ane samples were purified before analysis on a semi-preparative HPLC column. 

All compounds were characterized by 
1
H, 

13
C, 

29
Si NMR, and FT-IR spectrome-

try. 

PSiUs were synthesized in a two-step polymerization in butyl acetate solu-

tion without catalysts, and characterized by TGA, isothermal TG, and DMTA. 

Also tensile strength, hardness, and average molecular weight between crosslinks 

were determined.  Shock resistance of PSiU coatings on aluminum plates tested. 

For the synthesis of silole and silafluorene derivatives all solvents were dis-

tilled from sodium benzophenone ketyl in standard stills, and procedures involv-

ing air and moisture sensitive materials were carried out using a standard 

Schlenk line under nitrogen atmosphere. Each compound was identified by 
1
H, 

13
C, 

29
Si NMR, FT-IR (ATR) spectroscopy, and mass spectra (MALDI, in an-

thracene matrix). The crystal structures were determined by X-Ray Diffraction 

analysis. Except for intermediates all compounds were characterized by UV- and 

fluorescence spectrometry in organic solutions and in solid state as well. Fluo-

rescence quantum yield efficiency was estimated relative to a 2-aminopyridine 

standard. The OLED devices were fabricated on glasses coated with 80 nm thick 

ITO (indium tin oxide) layers. The layer of the actual sample was deposited be-

tween a hole- and an electron-transporting layer.  

4. Results 

4.1 Hydroxyl functional disiloxanes 

In my first project we synthesized a new bis(hydroxyalkylester) functional 

disiloxane (1,3-bis(6-hydroxyhexanoyloxymethyl)-1,1,3,3-tetramethyl disiloxane 

(SIKOL)) (Scheme 3), and developed a simple preparation method for 1,3-bis(2-

hydroxypropanoyloxymethyl)-1,1,3,3-tetramethyl disiloxane (SILOL). These 

diols can be used as chain extenders in poly(siloxane-urethane)s improving the 

                                                 
24 J.L. Speier, Journal of the American Chemical Society, 73(2), 824-826 (1951). 
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phase miscibility between hard and soft segments due to their polar ester groups.  

 

 
Scheme 3 Synthesis of 1,3-bis(6-hydroxyhexanoyloxymethyl)-1,1,3,3-

tetramethyl disiloxane (SIKOL) 

Furthermore, we improved the synthetic methods for preparing more effi-

ciently three other monomers that were partially described in earlier studies: 1,3-

bis(3-hydroxypropyl)-1,1,3,3-tetramethyl disiloxane (SIPOL), 1,3-bis(6-

hydroxyethoxypropyl)-1,1,3,3-tetramethyl disiloxane (SIPA) and 1,3-

bis(hydroxymethyl)-1,1,3,3-tetramethyl disiloxane (SIMOL).  

In order to reduce time and cost in the preparation of SIPOL, SIPA and 

SIMOL we improved the hydrolysis reaction. Because of several side reactions 

occurring with excess of water, methanolysis is the usual procedure. In the case 

of SIPOL and SIPA we applied water in approximately stoichiometric amount 

with p-toluenesulphonic acid as catalyst. In the synthesis of SIMOL the time of 

the synthesis was reduced by a three-step methanolysis. By applying these meth-

ods the desired products were obtained in very good yield within 2 or 5 hours 

and without much organic solvent waste.  

 
Scheme 4 Molecular formula of the synthesized hydroxyl functional disiloxanes 

4.2 Poly(siloxane urethane) networks (PSiUs) 

All disiloxane chain extenders mentioned above were found to be suitable 

for preparing PSiU networks of good thermal stability and high tensile strength. 
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The tensile strength and the hardness indicated that the structure of the disilox-

ane chain extenders has a strong effect on the physical properties. At constant 

polysiloxane content the longer chains the disiloxane possessed the greater flexi-

bility and the lower tensile strength were obtained. The chain extenders of small-

er molecular weight that is of shorter chain length gave tougher but still not brit-

tle polymers of up to 66.5 MPa UTS. Increasing the polysiloxane content the 

tensile strength decreased, but even of 34-36% siloxane content the tensile 

strength decreased only to 32-33 MPa when SIPOL or SIMOL was applied. Ex-

cept for two, all the samples were found to be potentially good coating materials 

as they showed a good adhesion to aluminum and a good shock resistance. A set 

of samples of the highest tensile strength was investigated by isothermal thermo-

gravimetry, and also the changes in the tensile strength and hardness were fol-

lowed at 120 and 170 °C. At these temperatures possible ambient conditions 

were represented that can affect PSiU polymers. Except for SILOL all samples 

showed a good thermal stability and none of them decomposed at these tempera-

tures over a week.  

The thermogravimetric analysis revealed that using disiloxane chain extend-

ers the degradation of the urethane bonds cannot be influenced, still they decom-

pose at about 220-270 °C. However, the different chain extenders have effect on 

the further shape of the TG curves, and usually with higher siloxane content the 

degradation slows down at the range of 50-80% weight loss.  

DMTA studies were carried out to determine glass transition temperatures. 

Two or three peaks were distinguished on the loss modulus curves (E”) (also on 

the tan curves), the first of them belongs to the siloxane SS (-107 - -92 °C), the 

second one might indicate an interphase containing mostly the cross-linker (-50 - 

-10 °C), and the third one (Tg3) belongs to the hard segments (43-78 °C). Tg3 was 

found to be the most sensitive to the changes in the polymer composition. Tg3 

decreases significantly with increasing chain extender chain length and with in-

creasing polysiloxane content (Figure 1).  

In summary, the chain length of the applied chain extender, the polysiloxane 

content and the cross-link density together determine the final characteristics of 

the polymer dominantly. Varying the structure of the disiloxane, the ratio of the 

cross-linker and the polysiloxane SSs polymers can be designed and synthesized 

with diverse physical properties for different purposes.  
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Figure 1 Loss moduli (E”) of a selection of polymers of the same composition 

containing different chain extenders (left) and Tg3 values (determined from E”) 

of the same polymers (right) 

4.3 Asymmetric substituted silafluorene derivatives 

9,9-dichloro-1,3-diphenyl-9-silafluorene (S2) and its four derivatives  were 

synthesized in only three- or five-step reactions. All compounds (S3, S4, S6, S6’) 

were found to be stable, crystalline, blue-emitting compounds (Scheme 5).  

 
Scheme 5 Synthesized silafluorene derivatives 

The optical properties were investigated in dichloromethane solution, in ag-

gregate form and in solid state as well (Table 1). Furthermore, compound S4 and 

S6 were tested in light-emitting devices. Theoretical calculations showed that 

phenyl substitution on the silafluorene ring leads to a decrease in the HOMO-

LUMO gap. In good agreement with this result the new asymmetric phenyl sub-

stituted compounds show significant red-shift in the UV and emission spectra 

compared to their unsubstituted analogs (S7, S8). Due to the fact that these addi-

tional phenyl groups can conjugate with the silafluorene ring, they also increase 

the fluorescence emission intensity.  The observed intensity increase in solution 
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was less than expected, probably because the rotating phenyl groups provide also 

a non-radiative extinction pathway. As this rotation was hindered in aggregates 

and in solid state, enhanced emission was observed. All compounds showed in-

creased quantum yield efficiency in solid state, up to 42% for compound S4.  

Table 1 Photophysical properties of silafluorenes S3, S4, S6, S6’, S7, S8.
a 
 

 

Silafluorene 

UV-VIS Fluorescence in CH2Cl2 Solid state fluorescence 

ex, nm log(at ex) max, nm fl ex, nm max, nm fl 

S3 330 3.49 375 0.13 325 371 0.15 

S4 330 3.03 368 0.17 325 361 0.42 

S6 330 3.16 368 0.09 325 365; 482 0.12 

S6’ 330 3.34 368 0.07 325 362; 482 0.13 

S7 320 3.23 358 0.10 325 368 0.21 

S8
 

310 2.97 348 0.10 325 340; 355 0.16 

a max: absorption or fluorescence maximum; ex: excitation wavelength; : molar absorption 

coefficient; fl: Fluorescence quantum yield efficiency, estimated for CH2Cl2 solutions relative 

to 2-aminopyridine standard in 0.1 M H2SO4 aqueous solution. 

The effect of different substituents on the silicon atom was also studied. Sub-

stitution on the silicon atom did not significantly influence the emission maxima 

or range in solution. Phenyl groups were found to be the most beneficial as they 

increased the fluorescence emission intensity, while organosilyl groups caused 

decreased fluorescence emission intensity and so decreased fluorescence quan-

tum yield efficiency.  

Si-Si bond containing compounds S6 and S6’ exhibit different characteristics 

from the other silafluorenes. They showed the most intense AEE characteristics 

and both compounds have a second emission maximum at 482 nm in solid state. 

The electroluminescence properties of S4 and S6 were also tested. Both emitted 

blue light at 448 and 464 nm with 1.7% and 0.7% external quantum yield effi-

ciency, respectively.  

All compounds were found to be potential blue light emitting OLED materi-

als; from the electroluminescence results compound S4 is an especially promis-

ing candidate. According to toxicity assays on human skin fibroblast cells, all 

compounds are potential candidates also in bio-imaging. 
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Silafluorene based oligosilanes and oligosiloxanes were also prepared as S2 

derivatives. They showed similar fluorescence properties to S6 and S3, respec-

tively. 

4.4 Silole and silafluorene based aluminum quinaldinate complexes 

We prepared four silole and silafluorene derivatives containing aluminum 

quinaldinate groups as depicted in Scheme 6. Combination of strong emitters and 

electron transporters, tetraphenylsilole or a 9-silafluorene and aluminoquinaldi-

nate, in one molecule may hold the potential of the fabrication of OLEDs with-

out doping. 

 
Scheme 6 Silole and silafluorene based aluminum quinaldinate complexes 

The optical properties were investigated in THF solution, in aggregate form 

and in solid state as well (Table 2). Furthermore, compound C3, C5, and C7 

were tested in light-emitting devices. 

All samples were blue emitting in solution and in solid state as well. All four 

complexes behaved as new chromophores, which show the combined property of 

the quinaldinate and the organosilicon moiety. The light-emitting devices made 

of these complexes emitted greenish-blue light. C3 and C7 showed extremely 

high fluorescence quantum yield efficiency (95% and 92%) in solid state, and the 

external quantum yield efficiency of the device containing C5 was 2.75%. Fur-

thermore, external quantum yield efficiencies can be ameliorated by optimizing 

the device fabrication.  

C9 showed mechanochromic properties, thus it changes its color reversibly 

after a mechanic impact, in particular its emission is red-shifted by 20 nm getting 

greenish after grinding the crystals, and it gets sky-blue fluorescing after fuming 

the sample with acetone vapor.  
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Table 2 Photophysical and electroluminescence properties of the aluminum 

quinaldinate complexes C3, C5, C7 and C9.
a
 

Complex ab (nm) em (nm) ΦF,sol ΦF,solid em,el (nm) ΦF,ext(%) 

Q2Al-O-AlQ2 365 485 0.24 0.24 - - 

Alq3 395 520 0.11 0.35 531 1.825 

C3 365 478  0.01 0.95 520 0.84 

C5 370 485 0.01 0.81 516 2.75 

C7 350 476 0.34 0.92 512 1.07 

C9 360 476 0.31 0.79 - - 

  a Abbreviations: ab=absorption maximum in THF solution, em=emission maximum in THF 

solution, ΦF,sol=fluorescence quantum yields in THF solution determined using quinine sulfate in 

0.1 N H2SO4 as a standard. ΦF,solid=fluorescent quantum yield of solid powder determined by a 

calibrated integrating sphere, em,el=emission maximum of the light-emitting device, 

ΦF,ext=external quantum yield efficiency of the light-emitting device.  

We have also investigated the AIE of these complexes. C7 and C9 did not 

show AIE or AEE, but did not quench in aggregated or solid state, either. C3 and 

C5 aggregates exhibited a nearly identical emission band, but were more strong-

ly fluorescent than the non-aggregated silole complexes. C3 showed a 40-fold 

increase and C5 showed a 50-fold increase in aggregated state compared to 

emission intensity of the organic solution. The two complexes behave somewhat 

differently; for C3 aggregation begins at 60% water concentration, while for C5 

aggregation begins only at 80% water and then rises exponentially. Probably this 

difference reflects the lower steric hindrance and greater solubility of C5.  

These complexes appear good candidates for use in organic electronics. 

                                                 
25 G. Giro, M. Cocchi, P. Di Marco, V. Fattori, P. Dembech, S. Rizzoli, Synthetic Metals, 123, 

529-533 (2001). 
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5. Theses 

1. I synthesized the new 1,3-bis(6-hydroxyhexanoyloxymethyl)-1,1,3,3-

tetramethyl disiloxane, and another not well-described hydroxyalkylester func-

tional disiloxane. I developed the synthetic methods of further three hydroxyl 

functional disiloxanes to obtain better yields, shorter preparation time, and to use 

less solvent. All compounds were characterized by 
1
H, 

13
C, 

29
Si NMR, and FT-IR 

spectra. [1] 

2.  By reacting all hydroxyl functional disiloxanes with diisocyanates – to-

gether with a cross-linker and in some cases with a polysiloxane oligomer – I 

prepared polymers of good mechanical properties, thereby I showed that all dis-

iloxane compounds are applicable as chain extenders in poly(siloxane-urethane) 

networks. [1,2] 

3. I revealed that the initial thermal degradation of the poly(siloxane-

urethane) samples is determined by the decomposition of the urethane bonds and 

the following degradation steps depend on the polymer composition. I pointed 

out that beside the ratio of the additional polysiloxane and the cross-link density 

the mechanical properties strongly depend on the chain length of the applied dis-

iloxane, and the exact structure of the disiloxane is less important. [2] 

4. I synthesized four new asymmetric phenyl substituted silafluorene deriva-

tives, which are stable, blue-emitting compounds potentially applicable in OLED 

fabrication. After studying their optical properties in solution I found that pursu-

ant to the theoretical predictions the phenyl substituents caused a significant red-

shift in their fluorescence emission compared to their unsubstituted analogs. [3] 

5. I prepared two novel silole based and two silafluorene based aluminum 

quinaldinate complexes. The combination of strong emitters and electron trans-

porters, tetraphenylsilole or a 9-silafluorene and aluminoquinaldinate, in one 

molecule resulted in new chromophores, which show the combined property of 

the quinaldinate and the organosilicon moiety. [4,5] 

6. I showed that the two silole based aluminum quinaldinate complexes ex-

hibit significant AIE (aggregation induced emission). The complexes based on 
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silafluorenes do not display AIE, but do not quench in aggregated form, either. 

This characteristic has an important role in their application in OLEDs. [4,5] 

 

6. Possible applications 

The hydroxyl functional disiloxanes are applicable as chain extenders in 

poly(siloxane-urethane) networks, which can be useful materials for example in 

prostheses. 

The silafluorene and silole derivatives are promising candidates in OLED 

fabrication and some of them for bio-imaging as well.  
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