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ABSTRACT 

Three new types of dimeric 1,3-disilacyclobutane (DSCB) derivatives: alkylene 

bridged DSCB dimers, arylene bridged dimers and an oxygen bridged dimer were 

synthesized. The synthesis of these novel compounds was made possible by the 

preparation of a monofunctional DSCB derivative, 1-chloro-1,3,3-trimethyl-1,3-

disilacyclobutane. This intermediate provides one site for attachment of various other 

groups through nucleophilic attack on the Si-Cl by different di-Grignard reagents or by 

Si-OH. These bis-DSCB derivatives undergo thermally, catalytically, or in certain cases, 

photochemically induced cross-linking to form polycarbosilane network films or bulk 

solids, which may have possible applications as low-k materials and precursors to SiCx 

ceramics.  

These derivatives include the first example of a Ultraviolet (UV) cross-linkable bis-

DSCB compound, 1,4-bis(1,1,3-trimethyl-1,3-disilacyclobutane)-benzene (BDSCBB), in 

which two DSCB rings are substituted in para-positions on a benzene ring. This 

phenylene bridged dimeric-DSCB derivative has significant UV absorption at around 

254 nm and undergoes ring opening (RO) to form an insoluble film upon 254 nm UV 

irradiation. For comparison purposes, a second photoactive dimeric-DSCB compound, 

1,4-bis(1,1,3-trimethyl-1,3-disilacyclobutane)-toluene (BDSCBT) with lower melting 

point, was prepared to improve the processability. The results show that by changing the 

bridging aryl group, the properties of these photoactive dimeric-DSCB derivatives can 

be tuned. The resultant films from both photoactive derivatives were found to have 

dielectric constant of c.a. 2.3 after UV curing followed by a subsequent 1 h heating. 

In order to investigate 1,3-disilacyclobutane (DSCB) as a UV polymerization/curing 

functionality, a series of new aryl substituted-DSCB-containing compounds and 

polymers were synthesized. These aryl-substituted DSCB compounds were found to 

have significant UV absorption at wavelengths greater than 220 nm, presumably due to 

the Si-phenyl chromophores in these molecules. The semi-empirical AM1 method was 

used to explain the UV spectral results. These aryl substituted-DSCB compounds were 

then employed in a study of the direct, uncatalyzed curing under UV irradiation. It was 

determined that, whereas no RO was evidenced for the DSCB with a single phenyl 

substituent after UV irradiation for several hours, all of the other aryl-substituted DSCB 
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monomers can undergo UV polymerization or curing uon 254 nm UV-irradiation at 

room temperature without any metal catalyst. The EPR spectra of the UV irradiated 1-

(1,1,3-trimethyl-1,3-disilacyclobutane)-4-trimethylsilyl-benzene showed signals 

indicating the presence of radicals, suggesting a radical mechanism for the 

polymerization.  

A new polymer that contains alternate bridging phenylene groups and DSCB rings 

was synthesized by polycondensation between a di-functional DSCB derivative and a di-

Grignard reagent. Like its small molecule analog, BDSCBB, this organic soluble 

phenylene bridged cyclolinear polycarbosilane (PB-CLPCS) also absorbs UV light at 

around 254 nm and undergoes crosslinking. It was found that a 250-nm-thick polymer 

film can be fully cured in 5.3 minutes in N2 by a UV lamp with intensity of 32-40 

mw/cm
2
. (It was found that the dose required to fully cure a 250-nm-thick polymer film 

is c.a. 10.2 J/cm
2
). The UV crosslinked film of PB-CLPCS was found to have a 

dielectric constant of 2.51 along with good thermal and mechanical properties, 

suggesting its possible application as photoimprintable low-k dielectric material. 

Interestingly, the dielectric constant of the UV cured sample can be further decreased to 

2.35 by a sequent 1 h thermal treatment at 300 
o
C, although the solely thermally cured 

sample (1 h at 300 
o
C) has a dielectric constant of 2.58.  

 


