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Abstract: A summary of recent advances in the chemistry and photophysics of alternating di-
alkylsilylene-divinylarene copolymers is presented. The silicon moieties are considered to be
insulating tetrahedral spacers in these copolymers. The substituents on silicon can readily be
tuned, and the steric environment of these substituents around the silicon may dictate the con-
formation (or helicity) of the copolymers (the Thorpe–Ingold effect) and hence their photo-
physical properties. Because different chromophores can be regio regularly introduced into
the polymeric chain, these copolymers have been used as models to study energy transfer and
photoinduced electron transfer (PET), as well as chiroptical transfer.
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INTRODUCTION

Linear polymers containing alternating silylene and π-conjugated moieties 1 [1] have been shown to
have potential as ceramic precursor [2], heat-resistant materials [3], conducting materials [4], electro-
luminescent materials [5], and models for light-harvesting investigations [6]. Extensive studies on the
σ–π conjugation suggest that conjugative interactions only take place in π-conjugated systems with dis-
ilylene or higher homologous oligosilylene spacers 1 (n ≥ 2) [7–10].

On the other hand, the σ–π interaction may be too weak to be characterized in monosilylene-
spaced copolymers and the monosilylene moieties are, in general, considered to be insulating tetra -
hedral spacers [7b,c,10]. In particular, when other photophysical processes prevail, the characteristics
of σ–π interaction, if any, may be buried in the overall spectroscopic properties and therefore cannot be
unambiguously identified [9,11–17]. Consequently, incorporation of a monosilylene group into a poly-
meric chain as a spacer between well-defined chromophores (1, n = 1) offers much scope to influence
the properties of polymers. First, they interrupt overextended conjugation so that the photophysical
properties of polymers can be well adjusted and readily tuned. Secondly, the presence of alkyl sub-
stituents on silicon which may increase the chain flexibility, and the resultant higher solubility of the
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polymers in organic solvents is expected to render them more processable. In addition, the size of the
alkyl substituent(s) on silicon may tune the relative conformation around the silicon atom so that the
folding characteristics of the polymers can be adjusted [16]. Since the silylene moiety has tetrahedral
structure, the copolymers are expected to be highly folded. Intrachain interactions between neighboring
[12–15] and non-neighboring [11,16] chromophores may result in unusual photophysical behavior.
During the past decade, alternating silylene-conjugated chromophore copolymers such as 2 have been
shown to exhibit a range of fascinating photophysical properties, such as intrachain chromophore-
chromo phore aggregation [11], fluorescence resonance energy transfer (FRET) [12] between neighbor-
ing chromophores, and electroluminescent [18] as well as photovoltaic [19] applications. This account
summarizes recent developments in the chemistry of a range of silicon-containing copolymers.
Particular emphasis is focused on synthesis and photophysical studies of silylene-divinylarene copoly-
mers 2 developed recently in the author’s laboratory. 

SYNTHESIS

The rhodium-catalyzed hydrosilylation involving bis-silyl hydrides 6 with bisalkynes 8 has been used
throughout this study for the synthesis of copolymers 2 having two or more than two different kinds of
chromophores 2 in a regioregular manner (Scheme 1) [7b,c,11–17]. The vinylic silyl hydrides 6 are pre-
pared from the nickel-catalyzed olefination [20] of benzylic dithioacetals 3 with Me2(iPrO)SiCH2MgCl
followed by the reduction of the Si–O bonds [7b,c,11–17]. Alternatively, vinylsilanes 6 can be obtained
from the hydrosilylation of the corresponding alkynes 5 (or 9) [21] which are available from the
Sonogashira reaction [22] of aryl dihalides 7 with trimethylsilylacetylene followed by desilylation of
the trimethylsilyl group [7b,c,11–17]. Displacement of R2SiHCl with vinyllithium generated in situ
from 9 also gives the corresponding silyl hydride 6. 

INFLUENCE OF THE THORPE–INGOLD EFFECT ON CONFORMATION

Replacement of two geminal hydrogen atoms on a tether connecting two reacting centers by two alkyl
substituents has been shown to lead a change of conformational equilibrium which would bring these
two reacting centers in close proximity such that the rate of reaction is enhanced [23]. This geminal
 disubstitution effect, known as the Thorpe–Ingold effect, has been extensively applied in organic
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Scheme 1 (a) Me2(iPrO)SiCH2MgCl, NiCl2(PPh3)2; (b) LiAlH4; (c) ClR2SiH, ClRh(PPh3)3; (d) i. Pd(PPh3)4, CuI,
TMSC CH, ii, KOH; (e) i. tBuLi, –78 °C, ii. R2SiHCl; (f) ClRh(PPh3)3.



[23a–c] and organometallic chemistry [23d]. The use of this concept for the conformational investiga-
tions of polymers other than peptides [23e] has only sporadically been explored [24]. 

Divinylbenzene-dimethylsilylene copolymers 10 are known to exhibit unusual dual emission, at
ca. 340 nm (comparable with that of the monomer 12) and in the blue light region with vibronic fine
structures (Fig. 1) [11a]. The relative intensity of the emission around 430 nm increases with the degree
of polymerization of 10. It is envisaged that the divinylsilane moieties in 10 may display a conforma-
tional equilibrium shown in eq. 1. Copolymer 10 would be highly folded and intrachain interactions be-
tween chromophores may readily take place at both ground and excited states leading to emission at
430 nm. More intrachain interactions between chromophores may take place as the number of repeti-
tive units in 10 increases because the opportunity for one chromophore unit in 10 located proximal to
the other in space would increase with the molecular weight.

The folding nature of 10 may depend on the relative contribution of the conformers of the di-
vinylsilane moieties shown in eq. 1. By adopting the idea of the Thorpe–Ingold effect, it is envisioned
that an introduction of bulkier subsituent(s) R in divinylsilanes may likely favor the syn-syn conforma-
tion over the others. The folding of silicon-containing copolymers may thus be enhanced when the
methyl substituent on the silicon are replaced by a bulkier substituent. In addition, the two styryl moi-
eties shown in eq. 1 would be in closer proximity in the syn-syn conformation than the others. It seems
likely that the interactions between these geminal distyryl groups would be different among these con-
formers. As such, the photophysical behavior may also reflect the relative contribution of these con-
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Fig. 1 Molecular-weight-dependent emission spectra (normalized at ca. 360 nm) of 10 (dot, Mn = 2200, dash, Mn =
7500, and solid, Mn = 10 700) and 12 (dash-dot).

(1)



formers. This viewpoint has been tested by comparing the emission profiles of monomers 12 and 13,
dimers 14 and 15, as well as polymers 10 and 11 (Fig. 2) [16]. 

As can be seen from Fig. 2, monomers 12 and 13 exhibit similar emission profiles. It is interest-
ing to note that the emission intensity in the blue light region for 11 is much higher than that of 10,
whereas the degrees of polymerization of 10 and 11 are similar. Apparently, interactions between
chromo phores would be more prominent in 11 than those in 10. The contribution of the syn-syn con-
formation for each of the individual divinylsilane modules in 11 would presumably be more prominent
than that in 10 because of the Thorpe–Ingold effect, and thereby 11 would be more folded than 10.
Consequently, through-space interactions between the divinylbenzene chromophores in 11 would have
better opportunity than those in 10.

A red shift of the emission maxima for dimers 14 and 15 in comparison with those for monomers
12 and 13 is noteworthy. Interactions between the two geminal divinylbenzene chromophores may be
responsible for this photophysical behavior. As shown in Fig. 2, the λem for 15 appears at even longer
wavelength than that of 14. Presumably, interactions between neighboring chromophores would prevail
in 15 over 14. These results suggest that the bulky isopropyl substituent on silicon might bring the two
divinylbenzene chromophores in 15 to closer proximity due to the Thorpe–Ingold effect.

The scanning tunneling microscopy (STM) images of 10 and 11 are shown in Fig. 3 [16]. It is in-
teresting to note that the images of 10 are fuzzier than those of 11. Presumably, the conformation of 10
would be more fluxional than that of 11. As shown in the inset of Fig. 3b, the image of 11 shows 17–20
bright spots which may be attributed to the divinylbenzene moieties These results are consistent with
the number average degree of polymerization (= 17) for 11. The distance between two non-neighbor-
ing divinylbenzene chromophores in space in 11 could be as close as 3.5 Å. Strong interactions between
these chromophores might be expected. Apparently, the isopropyl substituents on silicon may provide
a bulky environment to impose more syn-syn conformation for the divinylsilane moieties (eq. 1). A
more rigid conformation for 11 might, therefore, be expected, resulting in a highly coiled structure. The
STM results appeared to be consistent with the photophysical properties described above.
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Fig. 2 Emission spectra 10 (short dash, degree of polymerization = 57), 11 (short dash-dot, degree of
polymerization = 54), 12 (solid), 13 (dot), 14 (dash), and 15 (dash-dot).



INFLUENCE OF THE THORPE–INGOLD EFFECT ON HELICITY

Incorporations of chiral auxilliary have been shown to induce the helical conformation of dimethyl -
silylene-spaced divinylarene copolymers 16 and 17 (Fig. 4) [14]. However, relatively high concentra-
tion (1 g/l) is required for the circular dichroitic measurements. Presumably, aggregation of these di-
methylsilyl-spaced copolymers may be responsible for the observation of the helical property. It is
worth noting that the transfer of chiroptical properties from the dialkoxydivinylbenzene chromophore
to terphenylene-tetravinylene chromophore is observed in 17 (Fig. 4b). 

As mentioned in the previous section, replacements of dimethyl substituents by bulky isopropyl
groups on silicon would increase the population of the syn-syn conformation of the divinylsilane moi-
ety shown in eq. 1, and copolymers with diisopropylsilylene spacers (e.g., 11) exhibit more coil-like
conformation due to the Thorpe–Ingold effect (cf. Fig. 3b). Within this context, it is believed that an in-
corporation of bulky isopropyl substituent on silicon may also induce helicity of the silylene-spaced
copolymers. This viewpoint has been tested by examining the photophysical and circular dichroism
(CD) properties of copolymers 18 and 19, and the corresponding monomers 20 [25].
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Fig. 3 STM image of (a) 10 and (b) 11. Inset, high-resolution image of 11. Conditions: (a) image size, 27 × 27 nm;
Ebias 0.85 V, itunnelling 20 pA; (b) image size, 27 × 27 nm; Ebias 0.50 V, itunnelling 10 pA; inset: image size, 3 × 3
nm; Ebias 0.50 V, itunnelling 33 pA.



As shown in Fig. 5, the emission maximum of 19b appears at longer wavelength in comparison
with those of 18a and monomer 20a in dilute dodecane (10 mg/l). It is note worthy that the λem for 18a
is comparable to that of monomer 20a under these conditions. This discrepancy indicates that there may
be strong intrachain chromophore–chromophore interactions in 19. Intriguingly, the emission spectrum
of 18a also shifts to the longer wavelength at high concentration (1 g/l), presumably, due to inter -
molecular aggregation.

The absorption and CD profiles of 18a and 19 are shown in Fig. 6. Like 16 and 17, 18a is not CD
active at low concentration (10 mg/l), but exhibits CD curve at high concentration (1 g/l) due to aggre-
gation. On the other hand, 19a and 19b give mirror image CD profiles at low concentration (10 mg/l).
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Fig. 4 Absorption spectra (dot) and CD curves of (a) 16 and (b) 17 (a, solid; b, dash).

Fig. 5 The emission spectra of 18a (10 mg/l, dash; 1 g/l, dot), 19b (10 mg/l, solid) and 20a (dash-dot) in dodecane
at ambient temperature.



This observation suggests that 19 could be helical without intermolecular aggregation. Temperature-de-
pendent emission spectra and CD curves of 19a in dodecane are shown in Fig. 7. The CD signals dis-
appear at 100 °C due to conformational changes and gradually appear again at lower temperatures, and
completely recovered at 0 °C. These reversible CD profiles were reproducible after several thermal cy-
cles. It is interesting to note that the emission profiles of 19a are also significantly changed as the tem-
perature increases. The conformational changes may provoke variations in chromophore–chromophore
interactions in 19. These results appear to be consistent with the temperature-dependent CD profiles of
19.

PHOTOINDUCED ELECTRON TRANSFER (PET)

As mentioned in the previous sections, the synthetic protocol of dialkylsilylene-spaced divinylarene
copolymers shown in Scheme 1 offers a useful entry for the synthesis of a series of the silylene-spaced
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Fig. 6 The absorption spectra and CD profiles of polymers 18a (10 mg/l, dash; 1 g/l, dot), 19a (10 mg/l, solid line),
and 19b (10 mg/l, dash-dot) in dodecane at ambient temperature.

Fig. 7 Variable temperature (a) CD and (b) emission profiles of 19a in dodecane (0 °C: solid; 20 °C: dash; 40 °C:
dot; 60 °C: dash-dot; 80 °C: dash-dot-dot; 100 °C: short dot).



copolymers having alternating donor and acceptor chromophores. These polymers have been used as an
ideal architecture for efficient intrachain energy transfer. Indeed, the light-harvesting ability is enhanced
when the ratio of donor to acceptor chromophore along the polymeric backbone is increased [12]. The
use of the silylene spacer to link donor and acceptor chromophores in diarylsilane for electron transfer
has briefly been explored [26]. We have examined the silylene-spaced copolymers with alternating aza-
crown and anthracene moieties 21 and 22 for photoinduced electron-transfer investigations [15]. These
polymers exhibited efficient intrachain PET with charge separation yield about 0.96–0.99. The corre-
sponding charge-transfer rates are around 10.8–32.2 ns–1 in different solvents. Intrachain interactions
between chromophores may readily take place, leading to highly efficient electron-transfer processes.
Metal cations have been shown to perturb the fluorescence intensity due to complexation with crown
ether moieties in 21 and 22 [15,27]. 

The rates of PET have also been shown to be dependent on the nature of the substituent on sili-
con. Thus, a replacement of the methyl substituent by the bulky isopropyl group has been shown to
enhance the rate of PET (23 vs. 24) [15b]. The results are rationalized in terms of the Thorpe–Ingold
effect (eq. 1) which would bring the neighboring donor and acceptor chromo phores in closer proxim-
ity. 

Similar to that described earlier (Fig. 3), 23 exhibits a relatively loose and elongated feature with
a length roughly about 4.3 nm in the STM images (Fig. 8). On the other hand, the morphology of 24
appears to be very different and the average diameter of 24 is 3.4 nm. In other words, the images of 23
are fuzzier than those of 24, presumably due to the more fluxional conformation of 23 than that of 24.
Apparently, the isopropyl group may provide a bulky environment to render the divinylsilane moieties
in 24 to adopt the syn-syn conformation (eq. 1). As a result, the conformation for 24 would be expected
to be in highly coiled structure. Such kind of coiled structure may lead to strong interactions between
chromophores in 24 and is consistent with the photophysical results described above [15b].
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COUPLING OF FRET AND PET IN REGIOREGULAR SILYLENE-SPACED COPOLYMERS

As described in the previous sections, efficient intra-chain FRET and PET can readily proceed in these
silylene-spaced divinylarene copolymers. The advantage of using silylene-spaced divinylarene copoly-
mers relies on the easy accessibility by regioselective hydrosilylation of a bisalkyne with a bis-silyl hy-
dride (Scheme 1). Accordingly, regioselective ensemble of three-component systems having a chromo -
phore as an antenna for absorbing light (DE), a FRET acceptor (A) and an electon donor for electron
transfer (Ed) gives the corresponding copolymers 25 and 26 as an integrated polymeric archetype for
the light harvesting and electron transfer. 

Since the distance between two neighboring chromophores separated by a silylene moiety in these
copolymers would be relatively short, the chromophores in these polymers can exhibit light harvesting
to collect light energy, energy transfer as well as efficient charge separation. The overall efficiencies in-
volving both FRET and PET in these silylene-spaced vinylarene copolymers can be up to 96 % [28].

CONCLUSIONS

Our earlier works on the nickel-catalyzed silylolefination from the corresponding benzylic dithioacetals
[20] have provided a convenient entry to bis-vinylsilane monomers which can react with bis-alkynes in
the presence of a rhodium catalyst to furnish a wide variety of regioregular and alternating silylene-
spaced copolymers with different combinations of donor and acceptor chromophores. The silicon moi-
eties have been shown to serve as insulating tetrahedral spacers in these copolymers. The substituents
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Fig. 8 STM image of (a) 23 and (b) 24. Conditions: (a) image size, 27 × 27 nm; Ebias 0.80 V, itunnelling 20 pA; (b)
image size, 27 × 27 nm; Ebias 0.50 V, itunnelling 20 pA. 



on silicon can readily be tuned, and the steric environment of these substituents around the silicon atom
may dictate the conformation (or helicity) of the copolymers (the Thorpe–Ingold effect) and hence the
photophysical properties of these copolymers. The photophysical studies have provided useful insights
into how chromophores in polymers interact intramolecularly. In addition, because different chromo -
phores can regioregularly be introduced into the polymeric chain, these copolymers have extensively
been used as models for studying FRET, PET, as well as chiroptical transfer. 

ACKNOWLEDGMENTS

We thank the National Science Council and the National Taiwan University for support. Thanks are also
due to co-workers whose names are listed in the references for their invaluable contributions.

REFERENCES AND NOTES 

1. (a) R. D. Miller, J. Michl. Chem. Rev. 89, 1359 (1989); (b) R. West. J. Organomet. Chem. 300,
327 (1986); (c) R. West, L. D. David, P. I. Djurovich, K. L. Stearley, K. S. V. Srinivasan, H. Yu.
J. Am. Chem. Soc. 103, 7352 (1981); (d) M. Birot, J.-P. Pillot, J. Dunoguès. Chem. Rev. 95, 1443
(1995).

2. (a) I. Manners. Polyhedron 15, 4311 (1996); (b) J. Ohshita, A. Kunai. Acta Polym. 49, 379 (1998)
and refs. therein; (c) M. Bruma, B. Schulz. J. Macromol. Sci. Polym. Rev. 41, 1 (2001).

3. R. J. P. Corriu. Angew. Chem., Int. Ed. 39, 1376 (2000).
4. M. Itoh, M. Mitsuzaka, K. Iwata, K. Inoue. Macromolecules 30, 694 (1997).
5. (a) P. Chicart, R. J. P. Corriu, J. J. E. Moreau, F. Carnier, A. Yassar. Chem. Mater. 3, 8 (1991); (b)

T. J. Barton, S. Ijadi-Maghsoodi, Y. Pang. Macromolecules 24, 1257 (1991); (c) M. Ishikawa,
T. Hatano, Y. Hasegawa, T. Horio, A. Kunai, A. Miyai, T. Ishida, T. Tsukihara, T. Yamanaka,
T. Koike, J. Shioya. Organometallics 11, 1604 (1992); (d) J. Ohshita, A. Matsuguchi,
K. Furumori, R.-F. Hong, M. Ishikawa, T. Yamanaka, T. Koike, J. Shioya. Macromolecules 25,
2134 (1992).

6. (a) H. J. Brouwer, V. V. Krasnikov, A. Hilberer, G. Hadziioannou. Adv. Mater. 8, 935 (1996); (b)
G. G. Malliaras, J. K. Herrema, J. Wildeman, R. H. Wieringa, R. E. Gill, S. S. Lampoura,
G. Hadziioannou. Adv. Mater. 5, 721 (1993); (c) H. K. Kim, M.-K. Ryu, S.-M. Lee.
Macromolecules 30, 1236 (1997); (d) S. H. Jung, H. K. Kim, S. H. Kim, Y. H. Kim, S. C. Jeoung,
D. Kim. Macromolecules 33, 9277 (2000); (e) M. K. Ryu, K. D. Kim, S. M. Lee, S. W. Cho, J. W.
Park. Macromolecules 31, 1114 (1998). 

7. For reviews, see: (a) S. E. Webber. Chem. Rev. 90, 1469 (1990); (b) T.-Y. Luh. Pure Appl. Chem.
77, 2083 (2005); (c) T.-Y. Luh, Y.-J. Cheng. Chem. Commun. 4669 (2006).

8. (a) M.-C. Fang, A. Watanabe, M. Matsuda. Macromolecules 29, 6807 (1996); (b) M.-C. Fang,
A. Watanabe, M. Matsuda. Chem. Lett. 23, 13 (1994); (c) M.-C. Fang, A. Watanabe, M. Matsuda.
J. Organomet. Chem. 489, 15 (1995); (d) R. Gleiter, W. Schäfer, H. Sakurai. J. Am. Chem. Soc.
107, 3046 (1985); (e) W.-Y. Wong, C.-K. Wong, G.-L. Lu, A. W.-M. Lee, K.-W. Cheah, J.-X. Shi.
Macromolecules 36, 983 (2003).

T.-Y. LUH

© 2010, IUPAC Pure Appl. Chem., Vol. 82, No. 3, pp. 613–624, 2010

622



9. (a) S. S. Hu, W. P. Weber. Polym. Bull. 21, 133 (1989); (b) S. Ijadi-Maghsoodi, T. J. Barton.
Macromolecules 23, 4485 (1990); (c) R. J. P. Corriu, C. Guerin, B. Henner, T. Kuhlmann, A. Jean,
F. Garnier, A. Yassar. Chem. Mater. 2, 351 (1990); (d) J. Ohshita, D. Kanaya, M. Ishikawa,
T. Koike, T. Yamanaka. Macromolecules 24, 2106 (1991); (e) H. J. Wu, L. V. Interrante.
Macromolecules 25, 1840 (1992); (f) Y. Pang, S. Ijadi-Maghsoodi, T. J. Barton. Macromolecules
26, 5671 (1993); (g) Y.-J. Miao, G. C. Bazan. Macromolecules 30, 7414 (1997); (h) D. Y. Son,
D. Bucca, T. M. Keller. Tetrahedron Lett. 37, 1579 (1996); (i) A. Mori, E. Takahisa, H. Kajiro,
Y. Nishihara, T. Hiyama. Macromolecules 33, 1115 (2000); (j) A. Kunai, E. Toyoda, I. Nagamoto,
T. Horio, M. Ishikawa. Organometallics 15, 75 (1996); (k) H. Li, R. West. Macromolecules 31,
2866 (1998); (l) J. Ohshita, A. Takada, A. Kunai, K. Komaguchi, M. Shiotani, A. Adachi,
K. Sakamaki, K. Okita, Y. Harima, Y. Konugi, K. Yamashita, M. Ishikawa. Organometallics 19,
4492 (2000); (m) S. S. H. Mao, D. Tilley. J. Am. Chem. Soc. 117, 5365 (1995); (n) F. Wang, B. R.
Kaafarani, D. C. Neckers. Macromolecules 36, 8225 (2003). 

10. (a) H. Shizuka, H. Obuchi, M. Ishikawa, M. Kumada. J. Chem. Soc., Chem. Commun. 405 (1981);
(b) H. Shizuka, Y. Sato, M. Ishikawa, M. Kumada. J. Chem. Soc., Chem. Commun. 439 (1982);
(c) H. Shizuka. Pure Appl. Chem. 65, 1635 (1993); (d) H. Sakurai, M. Kira, T. Uchida. J. Am.
Chem. Soc. 95, 6826 (1973); (e) H. Sakurai, K. Sakamoto, M. Kira. Chem. Lett. 1213 (1984); (f)
H. Sakurai, H. Sugiyama, M. Kira. J. Phys. Chem. 94, 1837 (1990); (g) H. Shizuka, Y. Ueki,
T. Iizuka, N. Kanamaru. J. Phys. Chem. 86, 1837 (1982); (h) R. Gleiter, W. Schaefer, M. G.
Steinmetz, C. Yu, L. Li. J. Am. Chem. Soc. 116, 932 (1994).

11. (a) R.-M. Chen, K.-M. Chien, K.-T. Wong, B.-Y. Jin, T.-Y. Luh, J.-H. Hsu, W. Fann. J. Am. Chem.
Soc. 119, 11321 (1997); (b) R.-M. Chen, T.-Y. Luh. Tetrahedron 54, 1197 (1998); (c) T.-Y. Hwu,
S. Basu, R.-M. Chen, Y.-J. Cheng, J.-H. Hsu, W. Fann, T.-Y. Luh. J. Polym. Sci., Part A: Polym.
Chem. 41, 2218 (2003).

12. (a) Y.-J. Cheng, T.-Y. Hwu, J.-H. Hsu, T.-Y. Luh. Chem. Commun. 1978 (2002); (b) Y.-J. Cheng,
T.-Y. Luh. Chem.—Eur. J. 10, 5361 (2004); (c) Y.-J. Cheng, S. Basu, S.-J. Luo, T.-Y. Luh.
Macromolecules 38, 1442 (2005).

13. (a) H.-W. Wang, Y.-J. Cheng, C.-H. Chen, T.-S. Lim, W. Fann, C.-L. Lin, T.-Y. Luh.
Macromolecules 40, 2666 (2007); (b) M.-Y. Yeh, H.-C. Lin, T.-S. Lim, S.-L. Lee, C.-h. Chen,
W. Fann, T.-Y. Luh. Macromolecules 40, 9238 (2007); (c) Y.-J. Cheng, T.-Y. Luh.
Macromolecules 38, 4563 (2005).

14. Y.-J. Cheng, H. Liang, T.-Y. Luh. Macromolecules 36, 5912 (2003).
15. (a) H.-W. Wang, Y.-J. Cheng, C.-H. Chen, T.-S. Lim, W. Fann, C.-L. Lin, T.-Y. Luh.

Macromolecules 40, 2666 (2007); (b) M.-Y. Yeh, H.-C. Lin, T.-S. Lim, S.-L. Lee, C.-h. Chen,
W. Fann, T.-Y. Luh. Macromolecules 40, 9238 (2007).

16. M.-Y. Yeh, H.-C. Lin, S.-L. Lee, C.-h. Chen, T.-S. Lim, W. Fann, T.-Y. Luh. Chem. Commun.
3459 (2007).

17. A. Mori, E. Takahisa, Y. Yamamura, T. Kato, A. P. Mudalige, H. Kajiro, K. Hirabayashi,
Y. Nishihara, T. Hiyama. Organometallics 23, 1755 (2004).

18. (a) H. J. Brouwer, V. V. Krasnikov, A. Hilberer, G. Hadziioannou. Adv. Mater. 8, 935 (1996); (b)
M.-K. Ryu, K. D. Kim, S. M. Lee, S. W. Cho, J. W. Park. Macromolecules 31, 1114 (1998); (c)
R.-M. Chen, Z. Deng, S. T. Lee, T.-Y. Luh. In Semiconductive Polymers, ACS Symposium Series,
B. R. Hsieh, M. Galvin, Y. Wei (Eds.), Chap. 23, pp. 374–383, American Chemical Society,
Washington, DC (1999); (d) S.-H. Jung, H. K. Kim, S.-H. Kim, Y. H. Kim, S. C. Jeoung, D. Kim.
Macromolecules 33, 9277 (2000).

19. J. Ohshita, S. Kangai, H. Yoshida, A. Kunai, S. Kajiwara, Y. Ooyama,Y. Harima. J. Organomet.
Chem. 692, 801 (2007).

20. For reviews, see: (a) T.-Y. Luh. Acc. Chem. Res. 24, 257 (1991); (b) T.-Y. Luh. Pure Appl. Chem.
68, 105 (1996). 

© 2010, IUPAC Pure Appl. Chem., Vol. 82, No. 3, pp. 613–624, 2010

Dialkylsilylene-civinylarene copolymers 623



21. (a) E. Ojima, M. Kumagai. J. Organomet. Chem. 66, C14 (1974); (b) T. Lee, I. Jung, K. H. Song,
C. Baik, S. Kim, D. Kim, S. O. Kang, J. Ko. Organometallics 23, 4184 (2004).

22. K. Sonogashira, Y. Tohda, N. Hagihara. Tetrahedron Lett. 4467 (1975). 
23. For reviews, see: (a) M. E. Jung, G. Piizi. Chem. Rev. 105, 1735 (2005); (b) P. G. Sammes, D. J.

Weller. Synthesis 1205 (1995); (c) C. Galli, L. Mandolini. Eur. J. Org. Chem. 3117 (2000); (d)
U. H. F. Bunz. Top. Curr. Chem. 201, 131 (1999); (e) C. Toniolo, M. Crisma, F. Formaggio,
C. Peggion. Biopolymers 60, 396 (2001). 

24. (a) R. W. Alder, C. M. Maunder, A. G. Orpen. Tetrahedron Lett. 31, 6717 (1990); (b) R. W. Alder,
K. R. Anderson, P. A. Benjes, C. P. Butts, P. A. Koutentis, A. G. Orpen. Chem. Commun. 309
(1998); (c) R. W. Alder, P. R. Allen, D. Hnyk, D. W. H. Rankin, H. E. Robertson, B. A. Smart,
R. J. Gillespie, I. Bytheway. J. Org. Chem. 64, 4226 (1999).

25. M.-Y. Yeh, T.-Y. Luh. Chem. Asian J. 3, 1620 (2008). 
26. (a) C. A. van Walree, M. R. P. Roest, W. Schuddeboom, L. W. Jenneskens, J. W. Verhoeven, J. M.

Warman, H. Kooijman, A. L. Spek. J. Am. Chem. Soc. 118, 8395 (1996); (b) A. Zehnacker,
F. Lahmani, C. A. van Walree, L. W. Jenneskens. J. Phys. Chem. A 104, 1377 (2000). 

27. H.-W. Wang. M.Sc. Thesis, National Taiwan University (2006).
28. H.-W. Wang, M.-Y. Yeh, C.-H. Chen, T.-S. Lim, W. Fann, T.-Y. Luh. Macromolecules 41, 2762

(2008).

T.-Y. LUH

© 2010, IUPAC Pure Appl. Chem., Vol. 82, No. 3, pp. 613–624, 2010

624


