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The poly(cyclosilane)s are a class of hybrid inorganic-organic polymers with an all Si-Si backbone, arranged into repeating
cyclohexasilane motifs, and mixed methyl and hydro side chains. The synthesis of a densely functionalized cyclosilane with

three-fold symmetry enabled copolymerization studies yielding poly(cyclosilane)s with variable amounts of branching. The

properties of the novel branched poly(cyclosilane)s were investigated and it was found that branching led to less

volatilization during pyrolysis in an inert atmosphere, suggesting the utility of poly(cyclosilane)s for applications as

preceramic polymers.

Introduction

Certain inorganic and hybrid inorganic-organic polymers,
termed preceramic polymers, have distinctive thermal
reactivity relative to organic polymers.13 While organic
polymers like poly(methyl methacrylate)* and polystyrene®
depolymerize to monomer if heated to the appropriate
temperature under an inert atmosphere, a preceramic polymer
undergoes a series of thermal reactions (e.g., cross-linking) that
ultimately form high-performance ceramics. A landmark
example was the Yajima process, in which pyrolysis of
poly(dimethylsilane) (poly(SiMe;)) afforded a polycarbosilane
intermediate that ultimately fused to high tensile strength
silicon carbide (B-SiC) fibers.® The synthesis of hybrid inorganic-
organic polymers sampling more of the periodic table enabled
access to ceramics with a broad array of elemental
compositions, such as poly(vinylboranes) affording boron
carbide,”® cyclosilazanes affording silicon nitride,1%12 and
polyborasilazane Si—-B—C—N—Zr
multinary ceramics.!® An advantage of polymeric precursors is
viscosity; a fluid polymer (or solid polymer soluble in organic
solvent) can be molded, then fired, enabling the preparation of
ceramic forms difficult to prepare from powder precursors. For
example, porous polymer-derived ceramics (PDCs) can be used
in catalytic reactions as supports. The combination of
preceramic polymers with additive manufacturing techniques
(e.g., 3-D or 4-D printing) leads to critical components for
extreme environments, such as aerospace.*

While there has been significant research on expanding the
representation of the periodic table in preceramic polymers,
limited synthetic control over macromolecular structure limits
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an understanding of how polymer microstructure and
architecture affect ceramization. With respect to polysilane to
silicon carbide, the ability to vary side chain structure in the
polymerization of either RySiCl, or RSiHz precursors has
provided some insights. Methyl groups are preferred over
longer alkyl chains, as excess carbon in the precursor can lead
to off-stoichiometry, carbon-rich ceramics.’> A side chain
proton is also advantageous for cross-linking.?>® Cyclic
substructures (e.g., SisNs and SisN4 rings) are advantageous in

the formation of silicon nitride.17.18
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Figure 1. a) Prior work: synthesis of 1,3-Sig and dehydropolymerization to linear

homopolymer.’® b) This work: synthesis of 1,3,5-hydrocyclohexasilane and
dehydrocoupling polymerization yielding branched copolymer.

In combination, these insights suggest that the
poly(cyclosilane)s'®-23 (e.g., lin-poly(1,3-Sie), Figure 1a) could be
compelling precursors to SiC given the combination of cyclic
repeat units and mixed methyl and hydro side chains. We
previously reported that a macrocyclic poly(cyclosilane)
afforded higher char yields than a linear variant with the same
constitutional repeat unit, which was attributed to the necessity
of cleaving at least two Si—Si bonds to produce low molecular
weight, potentially volatile fragments.2* While promising, cyclic
polymers are a significant synthetic challenge and are
frequently contaminated with linear polymer.2>
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A branched poly(cyclosilane) architecture could afford some
of the same advantages with respect to yield, as a single bond
scission event could still afford high molecular weight material,
but via a potentially more straightforward synthetic process.
Examples of branched polysilanes are relatively limited,?® but
work on other preceramic polymers including polycarbosilanes
(Si—C backbone) indicate branching increases ceramic yield.27-28

We sought to synthesize novel branched poly(cyclosilane)s
to elucidate how branching affects pyrolysis, as well as other
aspects of poly(cyclosilane) properties such as absorbance
spectroscopy. Given our success in achieving
dehydropolymerization of bifunctional cyclosilanes like 1,3-Sis,
we targeted the trifunctional cyclosilane 1,3,5-Sis as a
comonomer that could afford branched poly(cyclosilanes)
(Figure 1b). Cyclosilanes as densely functionalized as this are not
well-known. A 1,3,5-hypersilyl cyclohexasilane molecule was
synthesized by Marschner et al. via annulation of an o,w-
dipotassiooligosilyl dianion and ditriflate-neopentasilane,?® but
this functionalization pattern was not suitable for the formation
of hydro-functionalized cyclosilanes for dehydrocoupling.

Herein, we report the synthesis and characterization of
novel cyclosilane 1,3,5-Sig via annulation and dearylation. The
six-fold dearylation proved particularly challenging and we
report a successful iterative approach to deprotection.
Achieving this molecular synthesis enabled the synthesis of two
novel copolymers with different amounts of branching arising
from changes in the monomer feed ratio. The branched
copolymers showed elevated char yields during pyrolysis.

Results and Discussion
Synthesis of 1,3,5-Sig

We hypothesized that an annulation between known

nucleophilic oligosilyl dianion 13° and known electrophilic a,w-
dichlorooligiosilane 23! (Figure 2a) should provide a
cyclohexasilane 3 with the appropriate functionalization
pattern. We previously reported the synthesis and the crystal
structure of 1 determined by single crystal X-ray diffraction
(SCXRD),3%32 as well as other phenyl-substituted a,w-
dipotassiooligosilyl dianions with up to 5 contiguous silicon
atoms.19:2033.34 While prior syntheses of 2 based on radical
chlorination of a Si-H bond had been reported,313° the low yield
motivated us to develop the alternative synthesis shown in
Figure 2b, which provided 2 in 54% yield over two steps.
The annulation between 1 and 2 proceeded cleanly after K/Mg
exchange with MgBr,e0Et;,, affording (SiMe;)s(SiPh)s (3) in 43%
yield. The crystal structure of 3 was determined and showed a
chair-like conformation of the central ring (Figure 2c).
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Figure 2. a) Proposed annulation to 3. b) Synthesis of 2. c) Synthesis of 3 and
displacement ellipsoid plot (50% probability) of one of the two crystallographically
independent molecules of 3 at 110 K. Blue = silicon, black = carbon. Hydrogens
omitted are for clarity.

Conversion of 3 to 1,3,5-Sis would require converting the six
phenyl rings to hydrogens. In our prior syntheses of
tetrafunctional cyclosilanes (e.g., 1,3-Sis and 1,4-Sig), this was
accomplished in a two-step sequence of
trifluoromethanesulfonic acid-mediated (TfOH) dearylation
followed by LiAlH4 reduction to a hydrosilane (e.g., Si—-Ph — Si—
OTf — Si—H). 1920 |n these syntheses, we removed a maximum
of four benzene rings in a single step'®2% and a review of the
literature raised concern that it would be challenging to remove
six without undesired Si—Si bond cleavage. The TfOH-promoted
conversion of a phenylsilane to a silyl triflate3® and benzene is
an example of an ipso-selective electrophilic aromatic
substitution. As shown by Matyjaszewski in oligosilanes with
more than one phenyl ring, the rate-determining step is
protonation of the aryl ring; the first protonation is much faster
than a second, as a silyl triflate deactivates a proximal
phenylsilane.3738 While this effect can result in synthetically
useful regioselectivities in polyarylsilanes, at sufficiently high
conversions, Si—Ph protonation is deactivated to the point that
Si—Si protonation is competitive and oligosilane backbone
cleavage occurs.3® We have previously observed failure to
remove eight aryl rings in a ladder tricyclosilane.*°

Indeed, our attempts to convert (SiMe3)3(SiPhy)s 3 to
(SiMe3)3(SiOTfy); in a single step failed under a variety of
conditions (Figure 3a and Figure S1). Inspired by a report from
Haas et al.,*! we instead focused on an iterative approach, in
which removal of three aryl rings would form intermediate 4,
which after a second iteration of protonation and reduction
would afford 1,3,5-Si¢ (Figure 3b). We expected 4 instead of
another skeletal isomer because of the triflate deactivating
effect discussed above, which ensures regioselective distal
protonation rather than geminal protonation in diarylsilanes.3”

This journal is © The Royal Society of Chemistry 20xx
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Figure 3. a) Failed six-fold dearylation. b) Proposed iterative dearylation-reduction.

The first threefold-dearylation (3.3 equiv. TfOH, 0 °C) was
investigated in a variety of solvents. Prior work has suggested
that ionization of silyl triflates can lead to skeletal
rearrangement via formation of transient silylium ions.*2** We
therefore sought a solvent that could dissolve crystalline 3,
while being sufficiently nonpolar to minimize skeletal
rearrangement. We identified toluene as a promising candidate
(Table 1). As the intermediate tri-triflate was hydrolytically
sensitive, it was immediately reduced to 4. Both lithium
aluminium hydride (LAH) and diisobutylaluminum hydride
(DIBAL)** were tested as reducing agents, where LAH resulted
in the cleanest material. Thus, over two steps, 3 was
successfully converted to 4 as a mixture of diastereomers in an
unpurified yield of 76% after removal of inorganic byproducts.

TfOH, solvent,
0°Ctort,25h
—_—————

Ph OTf Hydride source,

S Et;,0,0°Ctort
MeZSi ?IMEZ — = 4

Ph—Si__,Si—OTf
/ Si \
TO  Me, Ph
not isolated

Table 1. Variation in solvent and hydride donor in conversion of 3 to 4.

Entry Solvent Hydride Source Yield (%)?
1 Pentane LAH Decomposition
2 Toluene LAH 76
3 Benzene LAH 35
4 CH,Cl, LAH Decomposition
5 Toluene DIBAL Complex mixture®
6 Benzene DIBAL Complex mixture®

2Yield is of all combined diastereomers and is reported over two steps (3->4) and
after removal of inorganic byproducts. ®Compound 4 was not isolated.

During attempted purification of 4, the cis,cis diastereomer
selectively crystallized from toluene, a phenomenon previously
observed for cis,cis-1,3,5-trihydroxynonamethylcyclohexasilane
attributed to isomeric differences in polarity and therefore
solubility in organic solvents.?> As seen in the crystal structure
determined by SCXRD (Figure 4a), the cyclohexasilane core
adopted a chair-like conformation with the phenyl groups in the
equatorial position. The single isomer was also characterized by
1H NMR spectroscopy (Figure 4b), where the high symmetry of
cis,cis-4 is apparent. While the cis,cis diastereomer could
account for up to 46% of all isomers of 4 present, as determined

This journal is © The Royal Society of Chemistry 20xx
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by 'H NMR spectroscopy, the achieved isolated yield.efthe
single diastereomer was 15%. While RRé& 1@ApstdPStraetare
established confidence in the lack of skeletal rearrangement,
the low yield was not conducive to a high throughput synthesis
of 1,3,5-Sis and we carried forward the as synthesized mixture
of diastereomers without further purification.

a PnhH
!
Mezsi’ "sl‘,iMe2
PhI'-'Si\S‘,Si"“Ph
H  Me, H
cis,cis-4
b
L .l
As isolated 4
CH,
ArH SiH
A |
cis,cis-4
T A T T T Cd
75 50 45 40 05 O
H / ppm

Figure 4. a) Molecular structure and displacement ellipsoid plot (50% probability
level) at 110 K of cis,cis-4. Hydrogen atoms (except for the Si-H) are omitted for
clarity. Blue = silicon, black = carbon, pink = hydrogen. b) Cropped *H NMR spectra
(400 MHz, C¢Dg) of as isolated 4 and the crystalline diastereomer cis, cis-4.

The second iteration of dearylation-reduction to convert 4
to 1,3,5-Si¢ proved more challenging. Decomposition was
observed with the conditions that proved successful for 3 to 4
(Figure S1). Ultimately, we found that decreasing the
temperature at which dearylation was performed from 0 °C to
—78 °C reduced the quantity of undesired decomposition
byproducts. At this lower temperature, the reaction time
needed to be extended from 2.5 hours to 15 hours. Even with
the long reaction time, incomplete consumption of the phenyl
groups was observed via 'H NMR spectroscopy with standard
amounts of TfOH (e.g., 1.1 equiv. per phenyl ring) (Figure S2).
Increasing the amount of TfOH to 1.5 equiv. per phenyl ring
resulted in full conversion of the phenyl groups. The typical
reduction conditions were sufficient for conversion of the
intermediate tri-triflate to 1,3,5-Sis (Figure 5a). After removal of
lithium salts and vacuum distillation, 1,3,5-Sie was isolated as a
clear, colorless oil in 7% yield over four steps beginning from 3.
Characterization via H, 13C, and 2°Si NMR spectroscopy (Figures
5b-d) verified isolation of the desired highly symmetric product.

J. Name., 2013, 00, 1-3 | 3
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Figure 5. a) Dearylation and reduction of cyclosilane 4. b) Cropped 'H NMR
spectrum (400 MHz, C¢D¢) of 1,3,5-Sis. c) Cropped *3C {*H} dec30 NMR spectrum
(400 MHz, C¢Dg) of 1,3,5-Sis. d) Cropped 2°Si {*H} DEPT NMR spectrum (400 MHz,
CsDe) of 1,3,5-Si.

Copolymerizations

With 1,3,5-Sis in hand, we turned towards copolymerization
with 1,3-Si¢ (Scheme 1), where we expected trifunctional 1,3,5-
Sig would introduce branches into the polymer chain.

Mes
si
MeZSi/ \T,ilvle2
H—’Si\s_,Si\—H
1
H Me, H
1,3-Sig CpoZrCly,
+ n-BuLi
H H
At

d Toluene,
MeZSi/ \§iMe2 m,24h
H—fSi\Si_Si\—H

H Me, H

1,3,5-Slg

Scheme 1. Copolymerization of cyclosilanes 1,3-Sis and 1,3,5-Sis to 10% and 25%
copolymers P1 and P2 respectively.

Copolymer
P1 = poly(1,3-Sig)e-co-poly(1,3,5-Sig),
P2 = poly(1,3-Sig);-co-poly(1,3,5-Sig),

Copolymerization of 1,3-Sig and 1,3,5-Si¢ was carried out
under the conditions previously used for cyclosilane
homopolymer formation,%2922 derived from well-established
dehydrogenative coupling procedures using the Cp,ZrCly/n-BulLi
catalytic system.*647 Monomer loadings of 10 and 25 mol% of
1,3,5-Sis were used to form P1 and P2, respectively (Scheme 1).
Complete consumption of monomers was observed by *H NMR
spectra (Figure S3). The copolymers were less soluble in
pentane than 1,3-Sig homopolymers. In prior work, dissolution
of the polymer in pentane followed by celite filtration?® was
employed to remove residual zirconocene catalyst. In this case,
filtration resulted in decreased molecular weight by size
exclusion chromatography (SEC) when compared to the

4| J. Name., 2012, 00, 1-3

unpurified sample (Figure S4). We suggest that,soluhility,in
pentane decreases with increased branching,# WhICROFESUITS4R
separation of the more soluble linear 1,3-Sis homopolymer
components. Aside from lower solubility in pentane, no physical
differences were observed between the branched copolymers
and linear homopolymers.

The SEC elugrams of the branched polymers P1 and P2,
without Celite filtration, relative to unbranched /in-poly(1,3-Sie)
are shown in Figure 6 and molecular weight characteristics are
reported in Table 2. The previously reported lin-poly(1,3-Sie) has
a relatively unimodal and narrow distribution of molecular
weights, corresponding to a dispersity of My/M, = 1.40. With
branching, the My, M,, and dispersity all increased, and a
pronounced shoulder was observed. These changes in
molecular weight distribution are characteristic of branched
polymers and have been attributed to changes in hydrodynamic
volume,?*® rather than changes in degree of polymerization. The
strands of the branched polymers are less able to tightly pack,
resulting in a more open network®® and larger hydrodynamic
volume.

As there is no clear structural reason why the structure of
1,3,5-Sis might lead to an increased degree of polymerization,
we instead interpret these data to reflect a branched copolymer
with a likely primary chain length similar to the homopolymer.
This is supported by both the trend of an apparent increased
molecular weight with increasing concentration of 1,3,5-Sis in
the monomer feed, which would result in more branching, and
an observed broadening in 'H NMR spectra (Figure S5).

Increasing mol% 1,3,5-Siy

0.5 /

Normalized Response at 254 nm

Retention Time (min)

rig?{:ﬁ 6. Normalized SEC curves of /in-poly(1,3-Sis) (dashed), P1 (dotted), and P2
solid).

Table 2. Molecular weight characteristics of copolymers

Polymer 1:\:,:[0/5:5 M, (g mol?) 2 My (g molY) 2 Mu/M,
lin-poly(1,3-Sie) 0 1920 2690 1.40
P1 10 7220 23,200 3.21
P2 25 7050 52,980 7.52

3 Determined by size exclusion chromatography relative to polystyrene standards
at 254 nm (THF, [polymer] = 1 mg mL, 40 2C, 0.35 mL min "%, 10 uL injection).

This journal is © The Royal Society of Chemistry 20xx
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UV-Vis Spectroscopy

Polysilanes are distinct from the homologous polyolefins in
absorbing UV light, typically between 250—-350 nm.>! Due to o-
conjugation, the absorption properties of the polymers are red-
shifted relative to monomers.?! We therefore collected UV-vis
spectra of the small molecules 3, cis,cis-4, and 1,3,5-Sig (Figure
7a), as well as all copolymers (Figure 7b).

a
2
— 1,3,5-Sig
----- cis, cis-4
g --- 3
c
(1]
21 &
8 \
¥ 253
= W 2§1
‘\\ \ "‘_‘
NN
S - \\\\
0 1 L Tracew
210 245 280 315 350
b Wavelength (nm)
2 ¥
\
| Y — P2

Absorbance
=

0

210 245 280 315

Wavelength (nm)

Figure 7. UV-vis spectra of a) small molecules 3, cis,cis-4, and 1,3,5-Sig
([compound] =3.00 x 10 M, in pentane) and b) polymers lin-poly(1,3-Sis), P1, and
P2 ([polymer] = 0.012 mg mL™%, THF).

The spectra of 3 and cis,cis-4, which differ in the number of
phenyl substituents, were overall very similar with respect to
the wavelength of maximum absorption (Amax, Table 3). The
narrower width of the ca. 255-nm transition in cis,cis-4 relative
to 3 (Figure 7a) may reflect a less conformationally dynamic
structure due to a preference to place the bulkier phenyl
substituents in the equatorial positions. Constraining
oligosilane conformation whether through structural changes
or low temperatures tends to result in narrower absorption

bands®?2 and oligosilanes are well-known to exhibit

This journal is © The Royal Society of Chemistry 20xx
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conformation-dependent UV-vis spectra.?15275% The, spectrum
of cyclosilane 1,3,5-Sis was observed to BelvEH SRk Tt 4,32
Sig and 1,4-Sis in exhibiting a Amax <200 nm, with an onset of
absorption ca. 230 nm. Overall, the spectrum of 1,3,5-Sig is
consistent with o-¢* transitions, while the spectra of 3 and
cis,cis-4 reflect contributions from orbitals of both o (the
cyclosilane) and m symmetry (the phenyl substituents).

Table 3.
poly(cyclosilanes)®.

Wavelength of maximum absorbance (Amax) for cyclosilanes? and

Molecule Amax (nm)

3 <190

cis,cis-4 251

1,3,5-Sig 253

Polymer mol% 1,3,5-Sis Amax (nm) Aonset (nm)

lin-poly(1,3-Sie) 0 292 308
P1 10 294 317
P2 25 293 317

a Conditions: [compound] = 3.00 x 10" M, in pentane, ® Conditions: ([polymer] =
0.012 mg mL%, THF).

Polymerization of 1,3,5-Sig resulted in a substantial red-shift
in copolymer absorption relative to monomers (<190 nm to ca.
295 nm, Figure 7 and Table 3). The copolymers P1 and P2 were
overall similar to each other and to unbranched homopolymer
lin-poly(1,3-Sig) (Figure 7b and Table 3). These data suggest that
branching does not perturb the o-conjugation length in the
poly(cyclosilane).>>
Thermal Properties

The polydimethylsilane
(poly(SiMe3)) to silicon carbide proceeds in two stages. Pyrolysis
at ca. 400 °C converts the polysilane to a polycarbosilane (Figure
8a). The intermediate polycarbosilane can be isolated. Low
molecular weight, formable materials are desired so that
specific shapes can be obtained before the resin is heated to
even higher temperatures to afford the desired silicon carbide.
A major challenge is managing mass loss; any material
volatilized during either stage affects the overall yield of silicon
carbide, as well as shrinkage.

A radical chain mechanism (Kumada rearrangement)>® for
the polysilane to polycarbosilane reaction has been proposed
(Figure 8b) and suggests explanations for the low vyield.
Initiation occurs via homolysis of the polysilane backbone,
forming two silyl radicals (A). Abstraction of a hydrogen from an
adjacent side chain affords a primary alkyl radical B and
hydrogen-terminated polymer chain. A major contributor to
mass loss and low yield is via the silyl macroradical A, which can
competitively depolymerize via back-biting to yield low
molecular weight and volatile cyclic byproducts.
Rearrangement of the primary alkyl radical B inserts carbon into
the Si—Si backbone and forms a new silyl radical C, which can
abstract hydrogen from another methyl side chain to
regenerate B and propagate the radical chain reaction.

thermal ceramization of

J. Name., 2013, 00, 1-3 | 5
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Polysilane Pyrolysis to Silicon Carbide

a Net Reaction

CH3 CH

+si-s)-

n

CH3CHs

400°C ;1 H,
e Sll—C —)—n

>1000 °C

— SiC

CHj

b Proposed Mechanism of Kumada Rearrangement

initiation
CH; CHj CH; CH;,
(i) - “8i—8i--  ——= --Sie 4+ eSi--
CH; CH3 CH; CH;,
A A
propagation
?Hg (I:H3 cle3 CIH;: <|3Ha <|3Ha
(ii) --Sli- + - -Si—si- - —— --Sli—H + -—Sli—Sli-—
A cH;, H—CH, CH, CHs «CH, CHj
B
CHj CHj CHs
. H2 |
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+CH, CH; CH;  CHs
NP L Y G
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CH;  CHj H—CH, CHs CH;  CHs

Figure 8. Summary of prior work on polydimethylsilane pyrolysis to silicon carbide.
a) Net reaction: Ceramization occurs via skeletal rearrangement, followed by
increased heating to yield silicon carbide. b) Proposed mechanism of radical
rearrangement of polysilane to polycarbosilane during pyrolysis via Kumada
Rearrangement.

Thermogravimetric analysis (TGA) is an established method
for investigating the relationship between temperature and
mass loss during the polysilane to polycarbosilane process. We
have also previously studied the thermal reactivity of linear and
cyclic poly(cyclosilane)s and TGA analysis of lin-poly(1,3-Sig) is
reproduced in Figure 9 (blue). The dashed line is percentage
weight change, and the solid line is the derivative weight
change. A change in weight begins at ca. 200 °C and was
assigned to Si-Si bond cleavage, as supported by density
functional theory calculations of the bond dissociation energies
of the cyclosilane microstructure which suggested the Si—Si
bonds between cyclosilanes are weaker than not only other Si—
Si bonds, but also Si—H or Si—C bonds. A second phase of weight
change was observed at ca. 400-500 °C and was assigned to
thermal curing via dehydrogenation (e.g., H, loss) leading to
radical-radical crosslinking between chains.

We assessed the thermal decomposition behaviour from 40
to 600 °C of the branched poly(cyclosilane)s P1 and P2 relative
to the linear poly(1,3-Sis).2* For P1, high quality data could not
be attained. A consistent increase in mass was observed until
500 °C, possibly due to autooxidation from residual Si—H bonds.
When comparing P2 (red) to unbranched /in-poly(1,3-Sig) much
less mass loss was observed in the initial 200—300 °C phase. In
contrast, the derivative weight change around 400 °C assigned
to dehydrogenation and crosslinking remained fairly consistent
across both polymers®’.

These data are consistent with branched polymers affording
fewer volatile byproducts than unbranched. We hypothesize
that when Si—Si homolysis occurs between cyclosilanes in a

6 | J. Name., 2012, 00, 1-3

branched architecture, rather than forming vglatile .stmall
molecules, higher molecular weight chain3@rétéearmeetHit ¢aR
continue to form polycarbosilane, as visually depicted in Figure
10.

0.7
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Figure 9. TGA curves of lin-poly(1,3-Sig)?* (blue) and P2 (red). Solid lines: derivative
weight change; dotted lines: percentage weight change.

Overall, the reduced volatilization resulted in an increase in
char yield from 45% to 70% from the linear to the branched
copolymer, a nearly two-fold increase in yield.

iy~
. ) ~300 °C N
Scission to volatile low MW
fragments
%,
\

\ Pyrolysis o /\
M00°C T N—

Retention of some high MW
fragments

Figure 10. Graphic illustrating retention of higher molecular weight fragments after Si-Si
bond scission during pyrolysis of branched polymers (lower) compared to forming
volatile low molecular weight fragments from linear polymers (upper).

Conclusion

The successful design and synthesis of inherently branched
trifunctional cyclohexasilane monomer 1,3,5-Si¢ via iterative
dearylation afforded access to two poly(cyclosilane)s with
differing degrees of branching. The effect of branched
microstructure on thermal behaviour was assessed. Our results
suggest that cyclic substructures and branched architectures
increase yield in poly(cyclosilane) pyrolysis. These results
provide design principles enhancing the utility of inorganic
polymers as precursors for the formation of high-performance
ceramics.

Data availability

The data supporting this article have been included as part of
the Supplementary Information.
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