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The excited-state dynamics of polysilane dendrimers are studied using time-resolved emission spectroscopy.
The time-resolved emission spectra of polysilane dendrimers showed two bands, one in the UV and one in

the visible region. The former was assigned to the emission from the excited state at the lir@iaciiin,

and the latter was assigned to that at the branching points. The intramolecular energy transfer between both
excited states was demonstrated by the emission time profile, which showed a growth in intensity with increase
in the delay time after laser excitation. The spectral shape of the visible emission can be expressed by a fitted
curve using a Gaussian distribution function, which suggests that the configuration coordinates model is

applicable to the photophysical processes of-aS$ichain with a branching point. An MO calculation showed

the distorted geometry around the branching point in the excited state, which corresponds to the localized

excited state in the configuration coordinates model.

1. Introduction emission was attributed to the presence of defects such as
o ) - _ _ _ branching points in the linear backbote.
The emission properties of silicon with a low-dimensional | js clear that the visible broad emission from polysilanes is

structure is a topic of great interest. In the field of inorganic ye|ated to the branching point of the-S8i chain. However,
silicon chemistry, the visible emission from porous silicon has the assignment of the structure around the branching point is
been an exciting research area for the past detdden the difficult because these polysilanes do not have a regular
other hand, in the field of organosilicon chemistry, polysilanes structure. The inhomogeneity of the-S8i chain causes the
consisting of a pseudo-one-dimensional silicon main chain and complicated kinetics of the emission processes and analysis of
organic side chains have received considerable attehfiand the polydispersed emission kinetics has many difficulties and
one of the interests is linked with the emission of inorganic obscurities. In contrast, a polysilane dendrimer has regular
silicon having a low-dimensional structure. Polysilanes with branching StSi chains??2° and it is an ideal model for the
various kinds of silicon skeletons have been reported recently, branched polysilanes. Although one report concerning the
for example, branched polysilarfé network polysilane (poly- emission spectrum of a polysilane dendrimer has appeared, by
silyne)?~14 ladder polysilané® silicon nanoclusteté2! poly- Suzuki et al2* the dynamics of the excited state are not yet
silane dendrime??~2° etc. The visible emission properties of clear. In this paper, we report the excited-state dynamics of the
the network polysilanes are characterized by broadness and golysilane dendrimer using time-resolved emission spectroscopy
large Stokes shift, which are different features from those of and discuss the origin of the visible broad emission. Three kinds
linear polysilanes and show a sharp emission in the UV region of polysilane dendrimers are adopted, as shown in Figure 1.
indicating a mirror image. The red shift of absorption and the 1Gis a first-generation dendrimer that has four branching points.
emission spectra of network polysilanes, in comparison with 2G is a second-generation dendrimer that has 10 branching
linear polysilanes, have been explained by the increase inpoints. 0G corresponds to the basic branching unit of the
o-conjugation along the pseudo-two-dimensionat Si chain. polysilane dendrimers. In this study, the emissions of the
The branched polysilane with an intermediate structure betweendendrimers were observed in a dilute solution where inter-
linear and network polysilanes showed two kinds of emission molecular interaction and energy transfer between dendrimer
maxima at around 360 and 460 ririthe former is a sharp one  molecules are negligible, because we wished to focus our
and assigned to emission from the linear Si chain. The latter attention on the intramolecular dynamics of the excited state.
is a broad one that is analogous to that in network polysilane. ) .
A similar broad emission is observed for organosilicon nano- 2 Experimental Section
clusters, which contain four-coordinated silicon atdthSuch 2.1. Materials. Tetrahydrofuran (THF), diethyl ether, hexane,
a broad emission in the visible region was also observed for benzene, and toluene were distilled from soditlvenzophenone
photobleached linear polysilade.The origin of the visible ketyl, and dichloromethane was distilled from calcium hydride.
Methyllithium (LiBr-free diethyl ether solution), trifluoromethane-

* Author to whom correspondence should be addressed. fF&1:-298- sulfonic acid (TfOH), ammonium chloride, and anhydrous
53}4314- E-mail: sekiguch@staff.chem.tsukuba.ac.jp. sodium sulfate (Ng&80O,) were commercially available and were
Tohoku University. used without further purification. The first- and second-
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Figure 1. Structural formulas of polysilane dendrimers and the
abbreviations.

2.2. 2-Dimethyl(phenyl)silyl-1,1,2,3,3-pentamethyl-1,3-
diphenyltrisilane [MeSi(SiMe,Ph)s]. Dimethylphenylsilyl-
lithium (100 mmol) in toluene (50 mL) was added dropwise to
methyltrichlorosilane (4.78 g, 32.0 mmol) in hexane (500 mL).
The reaction mixture was hydrolyzed with hydrochloric acid
followed by extraction with hexane/toluene. The organic layer
was washed with water and dried over,8@). After evapora-
tion of the solvent, the residual oil was distilled by a Kugelrohr
under reduced pressure (ca. 2U0¥0.06 mmHg) to give the
titte compound (12.46 g, 27.8 mmol) as colorless crystals in
87% yield;*H NMR (CDCl;, 6) 0.17 (s, 3 H), 0.18 (s, 18 H),
7.25 (brs, 15 H)13C NMR (CDCk, 0) —11.7,—1.9, 127.7,
128.3, 133.8, 140.2°Si NMR (CDClk, 6) —86.3,—15.5. Anal.
Calcd for GsHz6Sis: C, 66.89; H, 8.08. Found: C, 66.94; H,
8.03.

2.3. 1,1,2,2,3,4,4,5,5-Nonamethyl-1,5-diphenyl-3-(1,1,2,2-
tetramethyl-2-phenyldisilanyl)pentasilane [MeSi(SiMeSi-
MesPh)s]. TfOH (0.24 mL, 2.7 mmol) was added to 2-dimethyl-
(phenyl)silyl-1,1,2,3,3-pentamethyl-1,3-diphenyltrisilane (2.08
g, 4.64 mmol) in dichloromethane (30 mL) at’G. After the
mixture was stirred for 1 h, ammonium chloride (2.0 g, 37
mmol) was added to the reaction mixture. The mixture was
stirred overnight at room temperature. After removal of excess
ammonium chloride by filtration, the solvent was replaced by
toluene (20 mL). The solution was treated with dimethyl-
phenylsilyllithium (16 mmol) in toluene (10 mL). After the usual
workup, the crude oil was purified by column chromatography
on silica gel using a 1:2 toluene/hexane mixture as eluent to
give the title compound (1.86 g, 2.97 mmol) as a colorless oil
in 64% yield;*"H NMR (CDCl;, 8) 0.03 (s, 18 H), 0.07 (s, 3
H), 0.33 (s, 18 H), 7.277.42 (m, 15 H);13C NMR (CDCB, 9)
—8.6, —2.8, —2.6, 127.7, 128.3, 133.8, 139.7%Si NMR
(CDC|3, 6) —72.2,—39.9,—17.4. Anal. Calcd for 61H54Si71
C, 59.73; H, 8.73. Found: C, 59.66; H, 8.63.

2.4.1,1,1,2,2,3,4,4,5,5,5-Undecamethyl-3-(pentamethyldi-
silanyl)pentasilane [MeSi(SiMeSiMesz)3] 0G. TfOH (0.25 mL,

2.8 mmol) was added to 1,1,2,2,3,4,4,5,5-nonamethyl-1,5-
diphenyl-3-(1,1,2,2-tetramethyl-2-phenyldisilanyl)pentasilane (504
mg, 0.802 mmol) in dichloromethane (10 mL) afO. After

the mixture was stirred for 1 h, ammonium chloride (1.5 g, 28
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Figure 2. Electronic absorption spectra 06 (a), 1G (b), and2G (c)
in hexane.

mmol) was added to the reaction mixture. The mixture was
stirred overnight at room temperature. After removal of excess
ammonium chloride by filtration, the solvent was replaced by
THF (12 mL). The solution was treated with methylmagnesium
iodide (21 mmol) in diethyl ether. After the usual workup, the
crude oil was purified by column chromatography on silica gel
using hexane as an eluent to give the title compound (253 mg,
0.58 mmol) as colorless crystals in 73% yield. Mp-81 °C;
H NMR (CDCls, 0) 0.09 (s, 27 H), 0.17 (s, 18 H), 0.18 (s, 3
H); 13C NMR (CDCE, 0) —8.9,—3.0,—0.89;%°Si NMR (CDCl,
0) —74.2,—40.2,—14.5; MS (Wz (%)) 436 (M, 3), 305 (5),
231 (9), 215 (10), 157 (9), 131 (16), 73 (100). HRMS calcd for
C16H4sSiz [MT] 436.2141, found 436.2140.

2.5. Measurements!H (300 MHz), 13C (75.5 MHz), and
295j (59.6 MHz) NMR spectra were recorded on a Bruker AC-
300 FT spectrometer. Mass spectra were recorded on a Shi-
madzu GCMS-QP5000 gas-chromatograph mass spectrometer.
UV spectra were recorded on a Shimadzu UV-2100 spectrom-
eter. The time-resolved emission spectra were measured using
an argon ion laser (Spectra-Physics, BeamLok 2060-10-SA)
pumped Ti:sapphire laser (Spectra-Physics, Tsunami 3950-L2S)
with a pulse selector (Spectra-Physics, Model 3980), a harmonic
generator (GWU-23PS), and a streak scope (HAMAMATSU,
C4334-01, sweep repetition rate 2 MHz). In the measurements,
by setting a threshold level for the A/D converted CCD camera
signal, the photoelectron image can be clearly separated from
the noise. The system enables photon counting measurements
at simultaneous multiple wavelengths. The typical instrument
response time for this apparatus is 20 ps (fwhm) and time
resolution of the detection within 5 ps can be obtained by using
a deconvolution technique. The polysilane dendrimers were
dissolved in 3-methylpentane and the concentration of the
sample solutions was controlled belowx510~> M to reduce
intermolecular interaction and energy transfer. The wavelength
of the laser excitation is the third harmonic of the Ti:sapphire
laser (279 nm). The quantum efficiency of the polysilane
dendrimer was determined by using quinine sulfate as a standard.
The molecular orbital calculations of a polysilane dendrimer
were carried out using the CAChe system (Sony Tektronics).
The optimized geometries of the polysilane dendrimer in the
ground and excited state were calculated by the PM3 method
using the semiempirical MOPAC package.

3. Results and Discussion

3.1. Time-Resolved Emission Spectra of Polysilane Den-
drimers. The absorption spectra of polysilane dendrimers in
hexane are compared in Figure 2. The absorption maxima of
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Figure 3. Time-resolved emission spectra@® in 3-methylpentane ~ Figure 4. Time-resolved emission spectra G in 3-methylpentane
at 77 K: (A) 0-5 ns, (B) 5-10 ns, (C) 16-20 ns, (D) 26-40 ns, (E) at 77 K: (A) 0-2 ns, (B) 24 ns, (C) 5-7 ns, (D) 16-12 ns, (E)
40-60 ns. Excitation wavelength: 279 nm. 2022 ns. Excitation wavelength: 279 nm.
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0G, 1G, and2G are 242, 269, and 279 nm, respectively. With (V)
increase in the size of the-S&i chain, the absorption spectrum
shows a red shift, which is attributed to the enhancement of
o-conjugation along the SiSi chain. The longest linear
sequence of Si atoms f@G is 11 while those fo0G and1G
are 5 and 7, respectively. Thermochromism of the polysilane
dendrimer was not observed because of the rigidity of the Si
Si chain of the dendrimer compared with the linear polysilane.
The time-resolved emission spectra foG in a rigid
3-methylpentane matrix at 77 K are shown in Figure 3. The
remarkable feature in Figure 3 is the spectral change upon
increasing the delay time after laser excitation. At the early stage
within 40 ns, UV emission around 340 nm is observed, which
is indicated by the arrow in Figure 3C. This UV emission can
be attributed to that from a linear part of the-&i chain. On
increasing the delay time, the relative intensity of the UV [ ) .
emission decreases in comparison with a broad emission in the 0.0 0.5 1.0 15
visible region around 450 nm. The spectral shape of the visible Time (ns)
emission quite resembles the emission spectra of the branchegigure 5. Logarithmic plot of the time-profile for the emission b6
polysilanes. The dendrimeélG also shows a similar spectral in 3-methylpentane at 77 K: (A) time-profile monitored at 350 nm;
change, as shown in Figure 4, however, the emission maxima(B) time-profile monitored at 460 nm.
of the UV and visible emissions are shifted to 350 and 460 nm,
respectively. The red shifts correspond to the shift of the plot of the time-profile for the emission dfG in 3-methylpen-
absorption spectrum, as shown in Figure 2. tane at 77 K monitored at 350 and 460 nm. The logarithmic
There are two possibilities to explain the two emission bands plot for the emission decay dfG monitored at 350 nm shows
in the UV and visible regions. The first is that the dendrimer a straight line, which suggests a single-exponential decay of
has two kinds of emissive points, such as linear and branchingthe emission. The single-exponential decay curve is reasonable
parts of the Si-Si chain. Another is the effect of an impurity, behavior for an isolated molecule located in a dilute solution.
that is, the sample solution contains two compounds. The latterOn the other hand, the logarithmic plot for the time-profile
can be rejected by investigating the time-profiles of the UV monitored at 460 nm shows the gradual growth of the emission
and visible emissions as follows: Figure 5 shows the logarithmic intensity upon increasing the delay time. The growth is
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Figure 7. Emission spectrum &G at 20-22 ns and the fitting curve
using Gaussian function.
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Figure 6. Time-resolved emission spectra2® in 3-methylpentane
at 77 K: (A) 0-2 ns, (B) 24 ns, (C) 57 ns, (D) 16-12 ns, (E)
20—22 ns. Excitation wavelength: 279 nm.

nonradiative
transition

attributable to intramolecular energy transfer (energy migration) Eground state (Q)
because the concentration of the sample solution is belew 5
105 M and so is dilute enough to inhibit intermolecular energy >
transfer. These results suggest that the polysilane dendrimer has Configuration coordinate Q
two kinds of emissive structures, and that the excited state is
transferred from the UV-emissive structure to the visible-
emiSSiVe one, WhICh can be attnbuted to the |ineal’ and branch|ngdlstr|but|on curve. The broadness of the em|ss|on spectrum |S
points of the dendrimer SiSi chain. It is surprising that the  caused by the thermal distribution of the energy levels in the
two emission bands in the UV and visible regions were observed excited state and the transition to the curvature of the potential
even for the smalDG unit. This may be due to the small energy  curves in the ground state. In the case of the polysilane
gap between the two kinds of excited states and random hoppinggendrimer, the emission in the UV and visible regions suggests
between them. The energy gap will be estimated in a later the existence of two kinds of excited states on the potential
section by observing the temperature dependence of thecyrve. Another feature of the configuration coordinates model
lifetimes. is deactivation of the excited state via the crossing point between
Figure 6 shows the time-resolved emission spectr2®fn potential curves for the ground and excited states. The non-
3-methylpentane at 77 K. In the case2ss, the broad visible radiative transition reduces the emission quantum efficiency.
emission is the main band and the UV emission band is not In fact, the quantum efficiency of the broad visible emission of
apparent. The emission shoulder around 380 nm must bea network polysilane is 0.001 while the linear polysilane with
assigned to the emission from the lineat-Si chain. As shown a small Stokes shift shows a quantum efficiency higher than
in Figure 7, the broad visible emission band can be fitted by 0.13! The quantum efficiency of the polysilane dendrimer is
using a Gaussian distribution curve. The large Stokes shift of also not very high, that cfG was determined to be 0.014, which
the emission band and the spectral shape expressed by thé due to the nonradiative transition as depicted in Figure 8.
Gaussian distribution curve are characteristics of the excited The energy barrierEg for the nonradiative transition is
state explained by the configuration coordinates model. In Figure determined in a later section from the temperature dependence
8, the excited state of the polysilane dendrimer is illustrated by of the emission lifetime.
using the configuration coordinates model. The large Stokes 3.2. Wavelength Dependence of the Emission Lifetimés
shift is explained by the different minimum energy points along shown in Figures 3, 4, and 6, the emission spectra show a red
the configuration coordinates. After photoexcitation, a localized shift upon increasing the delay time after laser excitation. In
excited state is generated by distortion of the molecules in the the case oRG, the emission maximum at 425 nm gradually
excited state. The population of the energy levels on the potentialshifts to 470 nm just after the laser excitation upon increasing
curve in the excited state can be expressed by the Gaussiarthe delay time to 20 ns. The analysis of the wavelength

Figure 8. Configuration coordinates model for polysilane dendrimer.



6440 J. Phys. Chem. A, Vol. 105, No. 26, 2001 Watanabe et al.

S A A A N to the lifetimes of the UV and visible emissions, respectively.
1000 k- \ _ In the region from 435 to 485 nm, the lifetimes andr, are
= r ] almost constant and determined to be 2468.6 and 30.0t 2
g o ns, respectively. In the intermediate region between 415 and
3 sk 435 nm, significant changes @ from 21.1 to 31.5 ns were
E 4 observed. Such a transient behavior in the intermediate region
S at between the UV and visible emission bands becomes more
4 remarkable upon increasing the size of the Siichain as shown
E r in the lifetime plots of1G and 2G. In the case oflG, the
- emission decay curves below 365 nm and above 415 nm are
100 £ | single exponential and the lifetimes andz, were determined
to be 2.19+ 0.2 and 27.5+ 5 ns, respectively. In the
intermediate region from 375 to 405 nm, although the shorter
Time (ns) lifetime 7 is almost constant (1.9% 0.3 ns), the longer lifetime
Figure 9. Logarithmic plot of the time-profile for the emission »6 72 increases from 15.4 to 19.3 ns, as shown in Figure 10B. In
in 3-methylpentane at 77 K and the fitting curves using two exponential the case oRG, the region of single-exponential decay fqris
equation: (a) 325 nm, (b) 425 nm, (c) 515 nm. limited between 325 and 335 nm, where the average lifetime
. ' : i 71 is 1.88 ns. Nonexponential decays are observed in a wide
300 (A) .'.".' ] region between 345 and 475 nm, as shown in Figure 10C. In

the region between 345 and 475 nm, the longer lifetime

7 207 . 1 increases from 8.53 (345 nm) to 21.9 ns (475 nm) while the
e Lok | shorter lifetimer; is almost constant, the average lifetimas
. 1.78 ns. In the region above 485 nm, the decay curves obey the
e i W . single-exponential equation and the lifetimewvas determined
30f g R to be 19.2+ 3 ns.

The lifetimer; in the intermediate region where significant
201 u® ] wavelength dependence was observed may be attributed to the

2 ]
f | " | excited state, which does not have a fully relaxed conformation
10 in the rigid 3-methylpentane matrix at 77 K after photoexcita-
| 0000E0s30 . . . tion. The large Stokes shift of the visible emission suggests a

wof T T T T change of the SiSi chain geometry in the excited state. Such
© a geometrical change of the-Ssi chain occurs freely in a fluid

- L L solution. However, in the rigid 3-methylpentane matrix, the

£ - conformational distribution of the SiSi chain is fixed, and a

© 10 --.' ua® T geometrical change after photoexcitation is hindered. It is well-

| ooo—0P Dﬁmmjgm known thato-conjugation of polysilane is quite sensitive to the

0— - conformation of the SiSi chain® The emission in the inter-

mediate region must be assigned to emission from the excited

state that has an intermediate geometry between those for the

UV and visible emissions. Because of the distribution of

geometries in the excited state, continuous changes of the

dependence of the lifetime is effective in determining what kinds Iif_etime T2are obsgrved_ in the intermediate r_egion, as _shown in
Figure 10. Such distortion of the geometry in the excited state

of components are involved in the emission spectrum. The | oH~ ) - ;
wavelength dependence of the emission decay curves is depicted characteristic ob-conjugated compounds consisting of-Si

in Figure 9 for2G in 3-methylpentane at 77 K monitoring at > chains.

325, 425, and 515 nm. The decay curves monitored at 325 and The geometrical distortion of the S8i chain in the excited
515 nm, which correspond to the UV and visible emission, state was estimated by semiempirical MO calculations for the
respectively, obey first-order kinetics. On the other hand, the ground and excited states. Figure 11 shows the conformations
decay at 425 nm is not a single-exponential decay curve. Theof 0G in the ground and excited states by semiempirical MO
decay curve was well fitted by using the equation consisting of calculations using the PM3 method, where the geometries of

[ LT L

350 400 450 500 550
Wavelength (nm)

Figure 10. Wavelength dependence of lifetimes@® (A), 1G (B),
and2G (C).

two exponential functiond(t) = A exp(—t/71) + B exp(—t/t), Si and C atoms except H are depicted. The initial geometry
wherel(t) is the emission intensity at the delay time; is the was constructed based on the crystalline structure of the
shorter lifetime, and: is the longer lifetime. The fitted curve  polysilane dendrimer, and then the conformation was optimized
is depicted by the solid curve in Figure 9. by the MO calculation. In comparison with conformation A in
By using the two-exponential equation, the lifetimesand the ground state, conformation B in the excited state shows

7, were determined fodG, 1G, and2G at various wavelengths.  changes of the bond angles. The remarkable feature of confor-
The lifetimes are plotted against the monitoring wavelengths mation B in the excited state is the unusual bond angle df 60
in Figure 10. In the case dfG, as shown in Figure 10A, the for the Si(1)-Si(4)—Si(5) sequence. Overlap of the electron
decay curves at wavelengths below 405 nm obey the single-cloud and an interaction between Si(1) and Si(5) were suggested
exponential equation and the lifetimes are determined to be 2.11by the MO calculation in the excited state. The bond order
+ 0.26 ns. At wavelengths longer than 415 nm, the emission between Si(1) and Si(5) increased from 0.005 in the ground
decay curves did not obey the single-exponential equation andstate to 0.047 in the excited state. Therefore, the Si(1), Si(4),
the two-exponential equation was applied to determine the and Si(5) atoms form a structure similar to the Si three-
shorter lifetimer; and the longer lifetime, which correspond membered ring in the excited state. The visible emission can
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(B) in 3-methylpentane and the fitting curves: (a) 345 nm, (b) 460
nm, (c) 380 nm, (d) 470 nm.

Isi(2)

can be attributed to the linear chain and branching points of
the dendrimer SitSi chain. The small energy barrier suggests
that the excited state at the linear—Si chain is easily
transferred to the branching point. However, the observation
of UV emission even foOG also suggests that the branching
points work as a shallow trapping site and that detrapping from

be attributed to that from the localized excited state that is the branching point is easfe, from the temperature depen-

induced by the distortion of the SBi chain around the  dence ofz,, corresponds to the energy barrier for the nonra-

branching point in the excited state. On the other hand, the MO diative deactivation of the excited state around the branching

calculations for a linear SiSi chain did not show such a serious Point. The low quantum efficiency olG (® = 0.014) is

distortion in the excited state. In the case of a homogeneous€Xplained by the low energy barrier. F2@, the energy barriers

Si—Si chain of the linear polysilane, the extension of the Es1 and Es; are determined to be 0.53 and 3.56 kcal/mol,

o-electron cloud along the linear-S8i chain works as a buffer ~ respectively. Thés; values were comparable betwel@ and

for the distortion, which is induced by the difference of the 2G. The decrease of UV emission on increasing the dendrimer

electron distribution between the ground and excited states. InSize may be explained by the smallgg; value of 2G in

contrast to this, in the case of the branched polysilane, the comparison with that o£G, which suggests that the efficiency

distortion is focused on the branching points, anddfuenjuga-  of energy migration is enhanced on increasing the trapping site

tion is discontinued at those points, forming the localized around the UV emissive excited state.

excited-state having a triangle structure as shown in Figure 11B.

The behavior is analogous to that of a self-trapped exciton. In 4. Conclusion

Figure 11B, the increase of the bond angle for the Si)

(1)—Si(4) sequence must be caused by steric hindrance of the Time-resolved emission spectra of polysilane dendrimers

Si(6) atom and the methyl groups. showed the two bands in the UV and visible regions. The former
3.3. Temperature Dependence of the Emission Lifetime. ~ Was assigned to the emission from the excited state at the linear

Figure 12 shows the temperature dependence of the lifetimesSi—Si chain, and the latter was assigned to that at the branching
for the UV and visible emission f&G and2G. The monitoring points. Intramolecular energy transfer between both excited
wavelengths are limited to those where single-exponential decaystates was demonstrated by the emission time-profile, which
curves are observed. The temperature dependence of thehowed a growth in the emission intensity upon increasing the
emission decay from the localized excited-state expressed bydelay time after laser excitation. The spectral shape of the visible
the configuration coordinates model obeys the following equa- €mission can be expressed by a fitted curve using the Gaussian
tion: 771 = 7(0 K)™! + v exp(—Eg/kgT), whereEg, v, andks distribution function, which suggests that the configuration
are energy barrier, frequency factor, and Boltzmann constant, coordinates model is applicable to emission from the Si
respectively. The energy barrieEg, concerns the barrier for ~ chain with a branching point. The energy barriers for energy
the nonradiative deactivation, as shown in the illustration of transfer and nonradiative deactivation were determined from
the configuration coordinates model (Figure 8). In Figure 12, the temperature dependence of the emission lifetime. The
the solid and broken curves are fitted curves based on the abovevavelength dependence of the lifetime of the visible emission

Figure 11. Conformations of ground and excited statesO& by
semiempirical MO calculations using PM3 method: (A) ground state,
(B) excited state.

equation. From the curve fittings, the energy barriggs and suggested the distribution of the Si chain conformation in the
Es» from the temperature dependencerpfandz, for 1G are rigid 3-methylpentane matrix at 77 K. The MO calculation
determined to be 0.92 and 3.17 kcal/mol, respectively showed the distorted geometry around the branching point in

corresponds to the energy barrier for the energy transfer fromthe excited state, which corresponds to the localized excited
the UV-emissive structure to the visible-emissive one, which state in the configuration coordinates model.
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