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ABSTRACT: Dialkylsilylene-spaced divinylarene copolymers having alternating donor and acceptor chromophores
are designed and synthesized. The rates of photoinduced electron transfer (PET) depend on the nature of the
substituent on silicon. A replacement of the methyl substituent by the bulky isopropyl group has been shown to

enhance the rate of PET. The results are rationalized

in terms of the FrHagmd effect, which would bring

the neighboring donor and acceptor chromophores in closer proximity. The STM images of the isopropyl-substituted
copolymers are more folded than those of the methyl-substituted analogues, and these results are consistent with
the outcome of photophysical studies of these copolymers.

Introduction

Replacement of two geminal hydrogen atoms on a carbon
tethering chain connecting two reacting centers by two alkyl
substituents has been known to lead to conformational equilib-
rium changes which would bring the two reacting centers in
close proximity and the reactivity is thus enhanée8uch
geminal disubstitution effect, known as Thordagold effect,
has been widely applied in organic synthesdsis concept
has been briefly explored for the conformational investigations
of peptided and polymers. Alternating silylene-conjugated
chromophore copolymeds have been shown to exhibit a range
of interesting photophysical properties, such as intrachain
chromophore-chromophore aggregatidright harvesting and
fluorescence resonance energy transfer (FREHptoinduced
electron transfef,and transfer of chiroptical propertiésthe
folding nature ofl may be indispensable to dictate these
photophysical properties. The origin of this folding character
may arise from the conformational equilibrium of divinylsilane
moiety in1 (eq 1).
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It seems likely that conformation8 and C might contribute
significantly to the folding ofl. The relative populations of
these conformers would depend on the nature of the substituent
R. Copolymerl would be more folded when R is a bulkier
isopropyl group than when R is a methyl. Indeed, we recently
found that emissions at longer wavelengthsois significantly
enhanced than those f@a® Two kinds of chromophore
chromophore interactions have been proposed. Through space
interaction between non-neighboring chromophores would be
responsible for the emission & in the blue light region.
Alternatively, the contribution from conformé& would bring

two neighboring chromophores in close proximity so that
interactions between these chromophores would lead to emission
around 390 nm. The emission in this region was also found in
dimers3.

It is well documented that the efficacies of photoinduced
electron transfer (PET) processes depend on the distance
between donor and acceptor chromophdrég have recently
shown that PET occurred efficiently in dimethylsilylene-spaced
divinylarene copolymer$ having alternating donor and acceptor
chromophore$ Through-space interaction between neighboring
chromophores has been suggegt&lt is envisaged that a
replacement of the methyl substituent by the bulky isopropyl
group would bring the neighboring donor and acceptor chro-
mophores in closer proximity. In this paper, we report the first
example on Thorpelngold effect on the rates of electron-
transfer process in silylene-spaced divinylarene copolyers
and5 having alternating donor and acceptor chromophores.

Results and Discussion

SynthesisPolymers4 and5 contain divinylene-terphenylene
and terphenylenetetravinylene, respectively, as the fluoro-
phores and aminostyrene as the quencher were designed and
synthesized. Silylene-spaced copolymeta and 4b were
obtained by the rhodium-catalyzed hydrosilylatichof bis-
(alkyne) 6 with bis(silanes)7 (eq 2). Copolymerss were
prepared similarly from8 with 9 (eq 3). The details for the
preparation of starting alkyne& and 8” and silanes” and 9
are described in the Experimental Section.

© 2007 American Chemical Society

Published on Web 11/21/2007



Downloaded by NATIONAL TAIWAN UNIV on July 31, 2009
Published on November 21, 2007 on http://pubs.acs.org | doi: 10.1021/ma702197k

Macromolecules, Vol. 40, No. 26, 2007

Z
0
C 0
N\\/O\)
4aR = Me
LSi& bR=Pr
R R

/@/\/SiEt:;
Me,N

10

Photophysical Properties.The absorption spectra dfand
5 and the corresponding monomers (or model compouné)
andl10are shown in Figure 1. As expected, there is no difference
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Table 1. Photophysical Properties of Polymers 4 and 5 and the
Corresponding Monomers 7, 9, and 10 and the Frontier Orbital
Energies of the Corresponding Chromophores

Amax Aem En¢ HOMOY LUMO®
(nm)y (nmp Pab %) (eV) (eV)
4a 338 390,410 0.06 (0.49)
4b 338 390,410 0.05(0.14)
ba 334,411 469,495 0.51(0.68)
5b 335,409 469,495 0.12(0.55)
7a 342,355 390,410 0.91 0.82 —-5.62 —2.44
7b 342,355 390,410 0.91 0.82 —-5.62 —2.44
9a 337,411 469,495 0.71 0.46 —5.26 —2.56
9b 338,409 469,495 0.70 0.46 —5.26 —2.59
10 308 378 0.03 0.18 —4.98 —1.57

aMeasured in CHCl, unless otherwise specifieBllUsing coumarin 1
in EtOAc (® = 0.99) as the standard. The numbers in the bracket are the
quantum yield measured in cyclohexafi@xidation potentials determined
by cyclicvoltammetry using 0.1 M BiNPFs as electrolyte in CbCl, with
Pt working electrode, Pt wire counter electrode, and Ag/Agk&erence
electroded Estimated byEx vs Fc/F¢. € Estimated by HOMO and optical
band gap from the absorption spectra.

Table 2. Fluorescence Lifetime £) and the Reciprocal of the
Fluorescence Lifetime k¢) of 7a,b and 9a,b in CHCl; and
Cyclohexane at Ambient Temperature

fluorescence reciprocal of the
lifetimeb fluorescence lifetime
substrate solvent 7 (pS) ks (ns7)
7a(7b) CH.Cl, 941 1.1
cyclohexane 880 1.1
9a(9b) CHCl, 1400 0.7
cyclohexane 1200 0.8

a The concentrations~10-> M) for 7 and9. ® Time-resolved fluores-
cence lifetimes are estimated by exponential fitting of decay cuRge=(
0.996-0.999).

wavelengths with quantum yields 0.51 and 0.12, respectively.
The quantum yields for the emission 5& and 5b in cyclo-
hexane were 0.68 and 0.55, respectively.

As expected, the quantum yields of the polymers were much
smaller than those of the monomeric compounds whepGEH
was used as the solvent. Photoinduced electron-transfer between
the aminostyrene and oligophenylengnylene chromophores
may readily take place in this polar solvent. It is particularly
noteworthy that the decrease in quantum yields were more
prominent for polymerdb and5b having isopropyl substituent
on silicon than those fo#a and 5a with methyl substituent.
Apparently, Thorpe-Ingold effect may dictate the conformation
of 4b and 5b to bring the two neighboring chromophores in
conformation C (eq 1). As such, polymets and5b might be
more folded and the chances for the two chromophores to meet
each other in space might be larger and the electron-transfer

in the absorption spectra between the methyl-substituted andPf0¢€sS might be facilitated. ) _
the isopropyl-substituted monomers and polymers. The emission AS can be seen from Table 1, the quantum yieldd imere
spectra of these compounds are shown in Figure 2. Thesemore significantly reduced than thosedrin comparison with

photophysical properties together with the oxidation potentials

the quantum yields of the corresponding monomeric model

of these compounds are summarized in Table 1 and the frontiercompounds’ and9, respectively.

orbital energies were thus estimated.

Upon excitation at 355 nm, boffaand7b in CH,Cl, showed
emission maxima at 390 and 410 with quantum yields 0.91.
The fluorescence oda and4b in CH,Cl, at 390 and 410 nm

The emissions of polymersand5 were very much solvent
dependent. Presumably, the conformation of polyrdeaad5
would also depend on the nature of the solvent. It is particularly
interesting to note that the lifetime &a was comparable to

were very weak, and the corresponding quantum yields were that of9ain cyclohexane. This result suggested that there might
0.06 and 0.05, respectively. When the measurements werebe no electron transfer iBa in this nonpolar solvent. On the

carried in cyclohexane, the quantum yields 4arand4b were
0.49 and 0.14, respectively. The emissior®afand9b in CH,-

other hand, the emission was somewhat quenchédb iaven
in cyclohexane when isopropyl substituent on silicon was

Cl, appeared at 469 and 495 nm upon excitation at 410 nm andincorporated. It seems likely that the bulky isopropyl substituent
the quantum yields were 0.71 and 0.70, respectively. Again, may bring the neighboring chromophores in closer proximity
the luminescence d&aand5b in CH,Cl, appeared at the same  so that electron transfer might facilely take place.



Downloaded by NATIONAL TAIWAN UNIV on July 31, 2009
Published on November 21, 2007 on http://pubs.acs.org | doi: 10.1021/ma702197k

9240 Yeh et al.

Figure 1. Absorption spectra of polymersor 5 (solid line) and the corresponding monomeric model compouhds9 (dashed line) and0
(dotted line) in CHCl,. Key: (a)4a, 7a, and10; (b) 4b, 7b, and10; (c) 5a, 93, and10; (d) 5b, 9b, and10 (concentration: 1x 1075 M).
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Figure 2. Emission spectra ofa (dashed line)4b (solid line), 7a (dashed-dotted line), aritb (dotted line) in (a) CHCI, and (b) cyclohexane.
Inset: the relative ratios of the integrated emission intensitiesasfd 7. (lex = 355 nm). Emission spectra & (dashed line)5b (solid line),9a

(dashee-dotted line), and®b (dotted line) in (c) CHCI,. Inset: the relative ratios of the integrated emission intensitiésanfd9; (d) cyclohexane
(Lex = 410 nm) (concentration: ¥ 1075 M).

Time-Resolved Fluorescence Spectroscoplemtosecond

fluorescence decay lifetimesr)( were estimated by one-
exponential curve-fittings for monomers and 9 and two-
exponential curve-fittings for polyme#sand5, unless otherwise
specified. The results are summarized in Tables 2 and 3.

The fluorescence lifetimes, in general, were shorter far
than those foi5; hence the charge separation rakes for 4

were larger than those fé&: In addition, shortet’s and larger
laser equipped with streak camera was employed to measurekcs's were observed for isopropyl-substituted polymélbosand
the time-resolved spectra of fluorescence decay in polyders
5 and the corresponding monomét&and9 in CH,Cl, and in
cyclohexane. The fluorescence decay profiledaib and5a,
5b in CH,CI, and in cyclohexane are shown in Figure 3. The

5b than those for methyl-substituted analogdesand5a. As
expected, the’s were shorter anéics's were faster in CkCl,
than those in cyclohexane.

As can be seen from Table 3, two parameters were used to
fit the fluorescence decay curves. This observation suggested
that there might be two different modes of electron-transfer
processes in polymersand5. The shorter lifetimes;’s, the
fasterkcsis, and the higher charge separation yields;; may
arise from the interaction of two neighboring chromophores
separated by a silylene moiety. We have shown that silylene-
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Figure 3. Time-resolved fluorescence decaysaf(open up triangle)4b (solid up triangle),7a (open circle), andb (solid circle) in (a) CHCly;

(b) cyclohexaneAex = 375 nm and monitored at 400 nm). Time-resolved fluorescence dec&gs(open up triangle)5b (solid up triangle)9a
(open circle), an®b (solid circle) in (c) CHCIy; (d) cyclohexaneXex = 410 nm and monitored at 475 nm) (concentrationx 105 M).

Table 3. Fluorescence Lifetime £), Charge-Transfer Rate Constant ke and Charge-separation Yield @9 of 4a,b and 5a,b in CHCl; and
Cyclohexane at Ambient Temperaturé?!

fluorescence lifetimier (ps) charge-transfer rakgs (ns~1)d charge-separation yiels
substraté solvent 21 T Kes1 Kes2 Des1 Dcsr
4a CH,Cl; 49 (0.80) 463 (0.20) 19.0 1.1 0.95 0.51
cyclohexane 91 (0.56) 857 (0.44) 9.9 0.03 0.89 0.03
4b CH.Cl,» 29 (0.83) 263 (0.17) 33.0 2.7 0.97 0.72
cyclohexane 54 (0.71) 303 (0.29) 17.0 2.2 0.94 0.66
5a CH,Cl 192 (0.50) 1300 (0.50) 45 0.03 0.86 0.04
cyclohexane 11941.00)
5b CHxCl, 48 (0.80) 854 (0.20) 20.0 0.45 0.97 0.40
cyclohexane 358 (0.37) 878 (0.63) 2.0 0.3 0.70 0.27

aThe concentrations~10-5 M) for 4 and5. ® Time-resolved fluorescence lifetimes are estimated by exponential fitting of decay &#rve {.97—
0.99). The numbers in the bracket are the relative weight of different time const@nte. exponential fitting? kes = 71 — ks wherer is corresponding
fluorescence lifetime ankk is the reciprocal of the fluorescence lifetime of the corresponding monomer (ref 11).

(b) than those of4b, presumably due to the more fluxional
conformation of4athan that of4b. The methyl-substituteda
exhibited a relatively loose and elongated feature with a length
roughly about 4.3 nm. On the other hand, the morphology of
4b appeared to be very different and the average diameter was
3.4 nm. Apparently, the isopropyl group may provide a bulky
environment to provoke the divinylsilane moietiegimto adopt
conformationC (eq 1). As a result, the conformation fdb
would be expected to be in highly coiled structure. Such kind
of coiled structure may lead strong interactions between
chromophores iMb and is seredipiously consistent with the
photophysical results described above.

Figure 4. STM image of (a)4a and (b)4b. Conditions: (a) image
size, 27x 27 nM,Epjas 0.80 V, iwunneiing20 PA; (b) image size, 2% 27 )
nm, Ebias 0.50 V, itunneling 20 DA- COhCIUSIOﬂS

spaced divinylarene copolymers are highly folded. Accordingly,  In summary, we have demonstrated the use of the concept
there is possibility that two non-neighboring chromophores may of Thorpe-Ingold effect to direct the conformation of silylene-
meet each other through space. Such folding may lead to aspaced divinylarene copolymers. Since distance is known to play
second type of interaction between chromophores and, thereforean important role in PET processes, the present investigation

a second set of longeyp’s, slowerkcszs, and the smallePcsy suggested that bulky substituent on silicon would bring the
was observed as depicted in Table 3. chromophores in closer proximity. Copolymers with bulky
Scanning Tunneling Microscopy.Scanning tunneling mi- isopropyl substituent are more folded so that intrachain PET

croscopy was employed to examine the morphology of polymer between these chromophores will become more prominent
4 on highly ordered pyrolyzed graphite (HOPG) surface and leading to more efficient fluorescence quenching. The results
the results are shown in Figure 4. The imagedaére fuzzier from the STM images appear to be consistent with the outcome



Downloaded by NATIONAL TAIWAN UNIV on July 31, 2009
Published on November 21, 2007 on http://pubs.acs.org | doi: 10.1021/ma702197k

9242 Yeh et al. Macromolecules, Vol. 40, No. 26, 2007

of photophysical studies of these polymers. Further investiga- (2.25 g, 80%): mp 189190°C. 'H NMR (400 MHz, CDC}): ¢
tions on integration of light harvesting and electron transfer in 3.94 (s, 6 H), 6.79 (d) = 14.0 Hz, 2 H), 7.09 (d) = 16.4 Hz, 2

a single polymer are in progress. H), 7.10 (d,J = 14.0 Hz, 2 H), 7.13 (s, 2 H), 7.29 (d,= 8.0 Hz,
4'H), 7.49 (d,J = 8.0 Hz, 4 H), 7.50 (dJ = 16.4 Hz, 2 H).1’C
Experimental Section NMR (100 MHz, CDCH): 6 56.4, 106.1, 108.7, 123.2, 126.0, 126.2,

. 126.6, 127.9, 134.5, 136.4, 137.3, 150.9. IR (KBr)3048, 2983,
General Data. Gel permeation chromatography (GPC) was 5917 2856, 2811, 1597, 1561, 1509 1459, 1410, 1340, 1263, 1212,

performed on a Waters GPC machine using an isocratic HPLC 1037 955 845 776. 669 cth HRMS (FAB): calcd GgH240,7-
pump (1515) and a refractive index detector (2414). THF was used Br, 550.0143: found. 550.0146. Anal. Calcd f05B405Br». C
as the eluent (flow rate= 1.0 mLmin?). Waters Styragel HR2,  g4589- H 4.38. Found: C. 60.57 H. 4.40 '
HR3, HR4 (7.8x 300 mm) were employed using polystyrene as o o T
standard M, values range from 375 to 3.5 10F). Absorption 1,4-Bls[(2-d||sopropyIS|IyI)vmyI]stl_Ibene (7b). Under N, to a
spectra and emission spectra were measured with Hitachi U-331050|U“00n of 14 (0.39 g, 1.0 mmol) in THF (30 mL) cooled at
and Hitachi F-4500 fluorescence spectrophotometers, respectively.~ 76 °C was added slowlyBuLi (2.7 mL of 1.55 M in pentane,

Quantum vyield was obtained using coumafinin EtOAC as 4.2 mm_(_)l). After this mixture was stirred for 30 min &a{78 °C,
reference @ = 0.99). chlorodiisopropylsilane (0.4 mL, 2.1 mmol) was added, and the

mixture was gradually warmed to room temperature, stirring was
continued for 3 h, and the reaction was quenched wi® KB.0

Br
§ ¢HO CHO mL). The aqueous layer was extracted with@&t3 x 10 mL),
MeO and the organic layer was washed with brine (20 mL), dried
\Q (MgSQy), filtered, and evaporated in vacuo. The residue was
X OMe chromatographed on f-treated silica gel (CkCly/hexane 1:4)
PPh,Br b CHO to afford7b as an oil (0.37 g, 80%}H NMR (400 MHz, CDC}):
" 12 13 0 1.05-1.16 (m, 28 H), 3.763.78 (m, 2 H), 6.43 (dd) = 19.0,
4.7 Hz, 2 H), 7.05 (dJ = 19.0 Hz, 2 H), 7.11 (s, 2 H), 7.45 (4,
= 8.3 Hz, 4 H), 7.50 (dJ = 8.3 Hz, 4 H).13C NMR (100 MHz,
R_//_Af—\_R CDCly): ¢ 10.9, 18.7, 126.4, 126.6, 126.7, 128.1, 137.0, 137.4,
146.9. IR (KBr): v 2962, 2917, 2852, 2325, 1593, 1462, 1381 tm
) ) Q HRMS (FAB): calcd for GoH44Si;, 460.2982; found, 460.2977.
70 R=PrSH A’=—c 1,4-Bis(4-(2-dlisopropylsilylvi 2,5 :
b , propylsi yIv_nnyI)styryI) 2,5 dlmethoxyben_
OMe zene (9b).Under N, to a solution of15 (0.55 g, 1.0 mmol) in

9b R='Pr.SiH Ar= THF (30 mL) cooled at-78 °C was added slowl§BuLi (2.7 mL
B r' 4 Q \ O N of 1.55 M in pentane, 4.2 mmol). After the reaction was stirred for
—ch MeO HC— 30 min at—78 °C, chlorodiisopropylsilane (0.4 mL, 2.1 mmol)

was added, and the mixture was gradually warmed to room

Q \ temperature, stirring was continued for 3 h, and the reaction was
14 R=Br Ar=_cj O \ quenched with BHO (3.0 mL). The aqueous layer was extracted
HC— with ELO (3 x 20 mL), and the organic layer was washed with

OMe brine (20 mL), dried (MgSQ), filtered, and evaporated in vacuo.
15 R=Br Ar= Q \ The residue was chromatographed og\Etreated silica gel (CH
e Q 4 O N Clo/n-hexane 1:4) and the solid was recrystallized from pentane to

MeO afford 9b as a yellow solid (0.50 g, 81%): mp 18384 °C. H
1,4-Bis(2-bromovinyl)stilbene (14).To a mixture of1112(2.80 g';f:;q ggg (l\élezHC):DGCﬁ)O (%310:0_1;?0[@&? |_2|)H:)%7750347(Zi](|2
g, 5.2 mmol) andl23 (1.08 g, 5.1 mmol) in EtOH (90 mL) was 19 1'Hs 2 H‘) 712 (dJ) = 16.7 Hz 2 H) 712 (s 5 H), 7.44 (d
added NaOEt [prepared from sodium (0.18 g, 7.8 mmol) in ethanol 3 g 3 4, 4 ’H) 7.50 (dJ = 16.7 Hz 2 |L|) 753 &dJ —83Hz
(30 mL)] The mixture was reﬂuxed fOI‘ 15 h and C00|ed tO room 4 H) 13C ’\llMR '(100 MHZ CDC&) 1(3 11’3 190 565 108'7
temperature. Methanol was added, and the precipitate was collectedlzl.z‘ 122.8,126.2, 126.4,,128.1, 1320, 136.9, 1é7.21 i46.7, 151.0.

The solid was dissolved in toluene to which a trace amount of iodine IR (KBr): » 2950, 2933, 2885, 2852, 2831, 2104, 1556, 1516, 1487,

was added. The mixture was refluxed for 24 h. Solvent was removed 1 465 1348 1205. 1176. 964. 882. 870 788. 764. 63ACHRMS
in vacuo, and the residue was washed with hexane until washings(FAB’). caled for ,QoH (’325i2’ 6223662 found. 622.3657
were almost colorless. The residue was recrystallized from toluene ' > ' : ' ' ' '

to give 14 as a white solid (1.69 g, 85%): mp 890°C; H NMR Polymer 4a. A mixture of 67 (93 mg, 0.2 mmol),7a (70 mg,
(400 MHz, CDC}): 6 6.80 (d,J = 14.0 Hz, 2 H), 7.08 (s, 2 H), Q.Z mmol), Nal (64 mg), and RhCI(PBk (4.6 mg, 0.001 mmol)
7.10 (d,J = 14.0 Hz, 2 H), 7.29 (dJ = 8.2 Hz, 4 H), 7.47 (d)) in THF (5 mL) was refluxed under Nfor 10 h. Methanol was

= 8.2 Hz, 4 H).23C NMR (100 MHz, CDC}): & 106.5, 126.3 added. The precipitate was collected and redissolved in THF and
126.8. 128.2. 135.1. 136.6. 137.0. IR (KBr):3068 3007. 2921.  then precipitated again with methanol. The product was collected
1704 ’ 1646 '1503 '1491 ’1405 984. 956. 935 ' 884 17851cr,n by filtration and washed with methanol to give polymer (122 mg,
HRMS (FAB): calcd for GeHy4/9Br,, 387.9462; found, 387.9454,  75%): Mn = 9300; PDI= 2.45.°H NMR (400 MHz, CDCt): 6

Anal. Calcd for GgHiBr»: C, 55.42; H, 3.62. Found: C, 0.30(s, 12 H), 3.613.69 (m, 24 H), 6.196.24 (d, 2 H), 6.45
5530 H. 3.32. 6.61 (m, 6 H), 6.82-6.90 (M, 4 H), 7.08 (s, 2 H), 7.267.30 (d, 4

1,4-Bis(4-(2-bromovinyl)styryl)-2,5-dimethoxybenzene (15).  H), 7.33-7.44 (m, 8 H). IR (KBr): v 3391, 2951, 2866, 1605,
To a mixture ofL1!2 (5.5 g, 10.3 mmol) and3 (1.0 g, 5.1 mmol) 1515, 1390, 1349, 1247, 1185, 1113, 986, 838, 736%crnal.
in EtOH (90 mL) was added NaOEt [prepared from sodium (0.35 Calcd for GeHeaN20,Sk: C, 74.03; H, 7.70; N, 3.45. Found: C,
g, 15.5 mmol) in ethanol (60 mL)]. The mixture was refluxed for 73.09; H, 7.32; N, 3.39.

15 h and cooled to room temperature. Methanol (150 mL) was  Polymer 4b. In a manner similar to that described above, a
added, and the resulting precipitate was collected. The solid wasmixture of 6 (93 mg, 0.2 mmol),7b (92 mg, 0.2 mmol), Nal (64
dissolved in toluene (100 mL), and the mixture was refluxed in mg), and Rh(PP#;Cl (4.6 mg, 0.001 mmol) was converted4b
the presence of a trace amount of iodine for 1 day. Solvent was (115 mg, 62%): M, = 8600; PDI= 2.27.'H NMR (400 MHz,
removed in vacuo, and the residue was washed with hexane (300CDCl): 6 1.07-1.12 (m, 28 H), 3.633.71 (m, 24 H), 6.16
mL) until washings were almost colorless; the residue was then 6.20 (d, 2 H), 6.66-6.64 (d, 2 H), 6.66:6.90 (d, 4 H), 6.96-6.99
recrystallized from toluene to give compouh8 as a yellow solid (m, 4 H), 7.11 (d, 2 H), 7.357.37 (d, 4 H), 7.487.50 (m, 8 H).



Downloaded by NATIONAL TAIWAN UNIV on July 31, 2009
Published on November 21, 2007 on http://pubs.acs.org | doi: 10.1021/ma702197k

Macromolecules, Vol. 40, No. 26, 2007

IR (KBr): v 3446, 2948, 2861, 1652, 1604, 1539, 1520, 1457, 1424,
1387, 1350, 1275, 1229, 1184, 989, 881, 789 tm

Polymer 5a. In a manner similar to that described above, a
mixture of 87 (84 mg, 0.2 mmol)9a (102 mg, 0.2 mmol), Nal (64
mg), and Rh(PP§sCl (4.6 mg, 0.001 mmol) was converted3a
(140 mg, 75%): M, = 8700; PDI= 2.05.1H NMR (400 MHz,
CDCly): 6 0.28 (s, 12 H), 3.563.65 (16 H), 3.65-3.80 (m, 4 H),
3.93 (s, 6 H), 6.266.30 (d, 2 H), 6.456.55 (d, 2 H), 6.556.75
(d, 4 H), 6.86-7.00 (m, 4 H), 7.057.15 (m, 4 H), 7.36-7.35 (d,

4 H), 7.40-7.55 (m, 10 H). IR (KBr): v 3620, 3187, 2921, 2840,
1659, 1589, 1516, 1250, 1209, 1176, 1107, 1033, 821, 674.cm

Polymer 5b. In a manner similar to that described above, a
mixture of8 (84 mg, 0.2 mmol)9b (125 mg, 0.2 mmol), Nal (64
mg), and Rh(PPsCl (4.6 mg, 0.001 mmol) was converted3b
(125 mg, 60%): M, = 7500; PDI= 2.17.'H NMR (400 MHz,
CDCl): 6 1.05-1.20 (m, 28 H), 3.553.70 (m, 16 H), 3.76
3.80 (m, 4 H), 3.95 (s, 6 H), 6.3%.25 (d, 2 H), 6.456.55 (d, 2
H), 6.60-6.70 (d, 4 H), 6.857.05 (m, 4 H), 7.057.15 (m, 4 H),
7.30-7.40 (d, 4 H), 7.457.60 (m, 10 H). IR (KBr)» 3436, 2950,
2885, 2856, 1650, 1614, 1520, 1458, 1405, 1368, 1221, 1185, 1119,
972, 788, 633 cmt.

Time-Resolved Fluorescence Measurementd. mode-locked
Ti:sapphire laser (wavelength, 750 nm fdr 820 nm for 5;
repetition rate, 76 MHz; pulse widths 200 fs) passed through an
optical parametric amplifier. The fluorescence of sample was
reflected by a grating (150 g/mm; BLZ: 500 nm) and detected by
an optically triggered streak camera (Hamamatsu C5680) with a
time resolution of about 3 ps.

STM Characterization. STM imaging of polymergla and4b
was carried out with a NanoScope Illa controller equipped with a
low-current converter for experiments requiring high tunneling
impedance (Veeco Metrology Group/Digital Instruments, USA).
The STM probes were commercially available Pt/Ir tips (PT,
Nanotips, Veeco Metrology Group/Digital Instruments, USA). To
observe individual polymers, a relatively diluted solution was
prepared by dissolving Ag/mL 4aor 4b in hexane (ca. 0.26M).

The polymers were drop-cast onto freshly cleaved HOPG (highly
orientated pyrolytic graphite, grade ZYD, Advanced Ceramics
Corp.), subjected to vacuum-dry80 min, 120 mTorr) to remove
trace amount of solvent, and rapidly transferred to a chamber where
dry N, was purging throughout the experiments and the humidity
was lower than 2%. Typical imaging conditions were-8152 V

in bias voltage and 1050 pA in tunneling current. The dimensions

of images were calibrated by the unit cell vectors of the underlying
HOPG.
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