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ABSTRACT 

 The phenylene-bridged cyclolinear polycarbosilane (PBCLPCS) was synthesized 

via Grignard coupling from 1,4-bis(bromomagnesio)benzene with 1,3-dichloro-, and 

1,3-diethoxy-1,3-disilacyclobutanes (DCDSCB, and DEDSCB respectively).  

Investigation of the resulting chemical structures by nuclear magnetic resonance 

spectroscopy (NMR) revealed a wide array of possible end groups and thus termination 

mechanisms.  Temperature-gradient interaction chromatography (TGIC) was employed 

as an effective separation tool to achieve a predominantly monomer-by-monomer 

separation of the low molecular weight reaction products.  Further analysis of the TGIC 

fractions by matrix-assisted laser desorption ionization mass spectrometry with time of 

flight detection (MALDI-ToF) allowed for a much more detailed study of chemical 

structure, revealing very different primary modes of termination for the two synthesis 

schemes.  While the slightly more reactive Si-Cl groups from DCDSCB are more 

sensitive to multiple side reactions including hydrolysis, it was shown that the primary 

end groups were phenyl rings, indicating a possible imbalance in stoichiometry favoring 

the aryl-Grignard reagent.  The DEDSCB-based synthesis has fewer side reactions, as 

indicated by few groupings of MALDI peaks at regular intervals equal to the repeat unit 

molecular weight; however the primary end groups were unreacted ethoxy moieties, and 

a bromine terminated phenyl ring.  This indicates that the primary modes of termination 

were either limited chain growth from the less reactive ethoxy groups, or incomplete 

formation of the di-Grignard.   

The optical, UV-curing and thin film characteristics of PBCLPCS were investigated 

to gain an understanding of the unique film properties of this new class of material.  

Upon UV-curing PBCLPCS, the chromophore blue shifts 11nm but still absorbs 

appreciably at 254nm, leading to UV attenuation at greater depths within a film.  The 

thickness dependent UV-curing characteristics were investigated and it was found that 

the apparent quantum efficiencies for 20 nm and 210 nm thick films are 2.75 and 2% 

respectively, corresponding to 180mJ and 2.5J of UV irradiation required to achieve a 

fully cured sample.  A UV-dosage dependent film thickness relationship was derived 
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from confocal Raman depth profiles, and it was found that the maximum thickness 

attainable is 40 microns.   

The physical effects on thin films of PBCLPCS before and after UV irradiation was 

examined, and while it was found that there is approximately 17% shrinkage in film 

thickness that occurs, this is accompanied by a reduction in film roughness.  For the 

thickest films (> 150nm), the surface roughness drops from roughly 14% to 7% in height 

variation, while for films <100nm a final surface roughness of 1-2% is consistently 

observed.  The films also retain a high degree of hydrophobicity after curing (>100o 

water contact angle).  To test the photoresist capabilities of these films various 

photomasks were employed showing feature sizes down to 1µm in width with surface 

roughness variations consistent with that of non-patterned films.  There was a 18%-50% 

expansion of cured polymer beyond the photomask, depending on the feature size. 

Finally the synthesis of 1-(4-(dimethyl(phenyl)silyl)phenyl)-1,3,3-trimethyl-1,3-

disilacyclobutane (DMPSP-DSCB), an extended chromophore  (SiDSCB-C6H4-Si-C6H4-) 

small molecule variant of PBCLPCS was carried out, where SiDSCB represents silicon 

atoms within a disilacyclobutane ring.  The UV absorption and molar absorptivity at 

longer wavelengths was shown to increase along with the observed secondary absorption 

bands.  A red shift of approximately 2 nm was observed compared to its 

trimethylsilylbenzene-DSCB (TMSB-DSCB) analogue.  The observed red shift in UV 

absorption allows for improved ring-opening (RO) conversion efficiencies of the 

disilacyclobutane ring by 30% after 2 hours irradiation of the compared to the single Ph 

substituted chromophore (SiDSCB-C6H4-Si) 1,1,3-trimethyl-3-(4-(trimethylsilyl)phenyl)-

1,3-disilacyclobutane. 

 

 


