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Microporous spirosilabifluorene networks were synthesized via 
Yamamoto coupling of tetrabromospirosilabifluorene precursors. 
They exhibit bright fluorescence that is quenched in the presence 
of nitroaromatics. The C/Si switch has subtle effects on the optical 
properties of the spirobifluorene network and provides a 
convenient route to 3,3’6,6’-coupled and other polybifluorenes.   

Condensed microporous networks are receiving 
considerable attention for gas and energy storage, sensing, and 
catalysis applications.1 The 9,9’-spirobifluorene motif, 
particularly significant for electronic applications,2,3 has also 
emerged as a popular structural unit that acts as a contortion 
site to create materials with intrinsic microporosity.4-23  
Yamamoto coupling of the readily available 2,2’,7,7’-
tetrabromo-9,9’-spirobifluorene, with Ni(COD)2 was shown to 
produce a very high surface area microporous network, and co-
polymerization under similar conditions with rigid dibrominated 
aromatic struts provided materials with tunable optical and gas 
sorption properties.24,25  Other methods have also produced 
homo-polymeric or co-polymeric networks starting from the 
2,2’,7,7’-tetrabromo-9,9’-spirobifluorene reagent.

There has been relatively little exploration of condensed 
networks based on polymerization at the more tetrahedrally 
directing 3,3’,6,6’ positions of the 9,9’-spirobifluorene, likely a 
result of the inherent challenge of selectively halogenating at 
the 3,3’,6,6’ positions.  One recent strategy to selectively 
halogenate at the 3,3’,6,6’ positions involved initial 
methoxylation at the 2,2’,7,7’ posiions then reacting with 
I2/PIFA to afford the 2,2’,7,7’-tetraiodo-3,3’6,6’-tetramethoxy-
9,9’-spriobifluorene precursor.26  Further modification of this 
precursor has led to nucleobase-decorated tetrapodands.27 The 
tetraalkyne was subsequently polymerized via Sonogashira and 
acetelynic coupling reactions to generate a spirobifluorene 
framework that can act as a support for Pd and Pt catalysed 
hydrogenation.28 A direct synthetic route to 3,3’,6,6’-

tetrabromospirobifluorene would be attractive for sensing, gas 
storage, catalysis and other applications but remains elusive. 

On the other hand, access to the silicon-centered analog,  
3,3’,6,6’-tetrabromospirosilabifluorene, and its derivatives is 
relatively straightforward via modification of the Gilman 
method,29 providing a direct route to a tetrahedral-directing 
structural motif for condensed polymeric networks.  However, 
to what extent will a Si center affect the properties of the 
condensed spirobifluoene network? Spirosilabifluorenes have 
been extensively studied recently for optical, electronic, and 
sensing applications,30-35 and the C/Si switch  typically leads to 
a lower LUMO due to contribution from the Si-σ* orbitals.36  In 
this manuscript, we demonstrate the synthetic versatility of 
brominated spirosilabifluorenes and explore the microprous 
networks derived from Yamamoto condensation of the 
2,2’,7,7’- and 3,3’,6,6’-tetrabrominated spirosilabifluorenes.

The precursors 2,2’,7,7’-tetrabromo-9,9’-
spriosilabifluorene, 1, and 3,3’6,6’-tetrabromo-9,9’-
spriosilabifluorene, 2, were synthesized via cyclization of the 
appropriate 2,2’-dilithio-dibromobiphenyl with silicon 
tetrachloride (Scheme 1).    

Scheme 1. Synthesis of 1 and 2. 
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Figure 1. ORTEP representation of 1 (left, solvent molecule 
excluded), which crystallized in space group P , and 2 (right) in 1
space group Pbca.

Single crystals of compounds 1 and 2 were obtained and 
their structures determined with X-ray crystallography (Figure 
1). Both possess a similar structural motif with orthogonal 
dibromofluorene units surrounding a silicon spirocenter.    
Compound 1 is structurally analogous to the carbon analog 
2,2’,7,7’-tetrabromo-9,9’-spirobifluorene, 1-C, which was also 
used in this study for comparison.  Compound 2 on the other 
hand provides access to tetrahedral-oriented cross-couplings.        

Yamamoto coupling of compounds 1, 1-C, and 2 with 
Ni(COD)2 under anaerobic conditions produced the 
corresponding polyspirosilabifluorenes, PS1 and PS2, and the 
previously reported polyspirobifluorene, PS1-C as an insoluble, 
microporous material (Scheme 2).  The surface areas of the 
materials were determined using BET surface area analysis with 
nitrogen as adsorbate following the criteria for microporous 
material analysis recommended by IUPAC.37  The surface area 
we obtained for PS1-C, 1,980 m2/g, is consistent with the 
previously reported value of 1,970 m2/g.25   It is apparent that 
the C/Si switch appears to lower the overall surface area for 
both PS1 and PS2.  In addition, the tetrahedral directed 3,6-diyl 
coupling in PS2 produces smaller pores and lower overall pore 
volume, consistent with the ability to form smaller rings.     

Scheme 2. Synthesis of PS1, PS1-C, and PS2.

Table 1.  Results of BET analysis

 a DFT analysis using NLDFT model of N2 at 77K on carbon with 
cylindrical pores (additional info available in ESI)

Each of the samples was suspended in acetonitrile using 
sonication, and the resulting suspensions were used to obtain 
the fluorescence excitation and emission spectra (Figure 2).  PS1 
and PS1-C were similar in their fluorescence spectra.  Both 
samples possessed a low energy shoulder in the excitation 
spectrum centered at λex = 412 nm for PS1-C and λex = 406 for 
PS1.  Likewise, both samples emitted a broad peak centered 
around λem = 464 nm for PS1-C and λem = 454 nm for PS1.  PS2 
on the other hand was significantly shifted towards higher 
energy, λex =317 nm and λem = 389 nm.  Tauc plots were obtained 
from the diffuse reflectance UV-vis (DRUV) spectra to obtain 
band gaps of 2.9 eV for both PS1 and PS1-C  and 3.6 eV for PS2.

Figure 2.  Excitation (gray) and emission spectra of (top) PS1, 
(middle) PS1-C, and (bottom) PS2.  

Sample SABET

(m2/g)
Vpore (DFT)a

 

(mL/g)
Pore Widtha 

(nm)
PS1 1,420 1.15 1.7
PS2 1,520 0.865 1.5

PS1-C 1,980 1.70 1.7
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Figure 3. Theoretical results of DFT calculations.  Band gap as a 
function of monomer repeat units (top).  HOMOs and LUMOs of 
spirosilabifluorene-2,2’-diyl dimer (left) and spirosilabifluorene-
3,3’-diyl dimer (right).  

DFT calculations (B3LYP/6-31G*, gas state) were performed 
to understand the observed optical properties (Figure 3). As a 
model system, we optimized the geometry and performed 
energy calculations on oligomers of increasing length up to 
pentamers. For simplicity, we only considered polymerization of 
one of the fluorene groups. The theoretical results clearly 
indicate that the positioning of the fluorene coupling (i.e. 
2,2’,7,7’ vs. 3,3’,6,6’) has a greater effect on the ΔELUMO-HOMO gap 
than the identity of the central atom. The difference can already 
be seen in the HOMO of the optimized dimers in Figure 3. In the 
HOMO of the C3-coupled dimer, the C1,C4 and C5,C8 carbon 
atoms of the fluorene rings are part of nodal surfaces, reducing 
overall conjugation length in the C3-coupled dimer relative to 
the HOMO of the C2-coupled dimer. This effect continues with 
increasing oligomers, leading to a significantly larger ΔELUMO-

HOMO, approximately 0.6 eV higher in energy for the 3,6-coupled 
spirosilabifluorene pentamer relative to the 2,7-coupled 
spirosilabifluorene pentamer.  This is consistent with the blue 
shift of 0.7 eV in the band gap of PS2 relative to PS1.  

On the other hand, the calculations would predict a much 
smaller red shift of approximately only 0.1 eV for PS1 relative to 
PS1-C as a result of the Si-σ* orbital contribution to the LUMO 
in an idealized structure. However, the difference in band gaps 
from DRUV spectroscopy and the Tauc plots is negligible.  This 
suggests that the effect of the Si-σ* orbital contribution is subtle 

compared to other structural factors, such as chain length and 
torsion angles that are likely constrained in the three-
dimensional matrix and significantly affect the optical and 
electronic properties of polyfluorenes.  

Likewise, the effect of the C/Si switch was not apparent in 
nitroaromatic quenching studies. Stern-Volmer quenching 
studies were conducted on samples suspended in acetonitrile 
to determine the sensitivity of the microporous materials 
towards various nitroaromatic analytes (Table 2).  The trend of 
increasing analyte sensitivity for the series NB < DNT < TNT is 
consistent with published data for other silafluorene based 
nitroaromatic sensors.38-43 However, we are unable to identify 
any trends with respect to the specific nature of the 
polyspirobifluorene matrix.       

Table 2.  Results of Stern-Volmer Quenching experiments.

We can conclude that tetrabrominated spirosilabifluorenes 
provide easy access via Yamamoto coupling to luminescent, 
high surface area, microporous materials and that both 
polyspirobifluorenes and polysilaspirobifluorenes are potential 
substrates for fluorescence based sensing of nitroaromatics.  
The negligible solubility of the highly cross-linked materials 
could be attractive for specific sensing applications, and the 
microporous nature could provide enhanced sensitivity for gas 
phase sensing. Any electronic effects from the C/Si switch are 
negligible compared to the difference resulting from the 
position of fluorene-coupling. A significant advantage of the 
C/Si switch from a synthetic viewpoint, is the relative ease of 
forming tetrabromospiroosilabifluorene. This strategy could be 
implemented to synthesize a wide range of monomers with 
modifications and regiospecificities difficult to access with the 
carbon-centered spirobifluorene.  It could also be readily 
adopted to asymmetrically substituted spirosilabifluorene 
monomers. Subsequent polymerization of these novel 
spirosilabifluorene centers could provide a wide range of new 
homo- and heteropolymeric materials of intrinsic microporosity 
for electronic, sensing, gas storage, and catalytic applications.  
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Analyte Sample Ksv (L/mol)
nitrobenzene PS1 530

NB PS2 338
 PS1-C 452
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DNT PS2 1,130

 PS1-C 861
2,4,6-trinitrotoluene PS1 1,190

TNT PS2 1,600
 PS1-C 2,370
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