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Photophysical and photochemical processes of 9-methyl- and 9-phenyl-9,10-dihydro-9-silaphenanthrene
derivatives have been studied at room temperature and 77 K in comparison with the carbon analogue, 9,10-
dihydrophenanthrene. These 9,10-dihydro-9-silaphenanthrene derivatives show smaller fluorescence quantum
yield and remarkably larger Stokes shifts than those of the carbon analogue. In contrast, their phosphorescence
quantum yields are two times larger than those of the carbon analogue, although the absolute value is not so
large ¢0.1). Reaction products and intermediates produced by the 266 nm light photolysis have been studied,
and it has been confirmed that 9-methyl- and 9-phenyl-9-silaphenanthrenes have been photochemically formed
in methylcyclohexane at 77 K, in addition to the formation of radical cations of 9,10-dihydro-9-silaphenanthrene
derivatives and the carbon-centered radical: 9-hydro-9-silaphenanthrenyl radical.

Introduction CHART 1

Recently much attention has been paid for organic electrolu- Ho ) He |

minescent (EL) materials. Organosilicon compounds such as

Si Si
poly(silafluorene) are considered to be a useful candidate for ' ‘__b “
EL materials}? and it is important to study luminescence O Q O Q O Q

properties of these organosilicon compounds. We have studied 1 2 3
photophysical and photochemical properties of organosilicon
compounds such as benzylsilane derivatf#8,10-dihydro- their photophysical and photochemical properties of 9-substituted-

9-silaanthracene derivativé§,and poly(methylphenylsilane)  9,10-dihydro-9-silaphenanthrenes. In this study we have inves-
functionalized with azobenzene grougs.For some 9,10- tigated whether the 9-silaphenanthrenes are produced or not by
dihydro-9-silaanthracene derivatives, fluorescence and phos-the UV light-irradiation of 9-substituted-9,10-dihydro-9-si-
phorescence quantum efficiencies were determined to be calaphenanthrenes shown in Chart 1 by comparing the electronic
0.1 and 0.4, respectivel\We also confirmed the photochemical ~ spectrum with that of 9-silaphenanthrenes prepared in the same
formation of 9-phenyl-9-silaanthracene in the photolysis of manner as that of silaaromatic compounds such as 2-silanaph-
9-phenyl-9,10-dihydro-9-silaanthracene in 3-methylpentane atthalene, silabenzene, and 9-silaanthracene derivafives.

77 K by comparing the electronic spectrum with that of

9-phenyl-9-silaanthracene formed by means of the flash vacuumExperimental Section

thermolysis by van den Winkel and Maier efdlhe formation . .

of 9-silaanthracene derivative has been supported by the Uy Materials. 9,10-Dihydrophenanthren&)((GR. Tokyo Chem.

absorption spectrum reported by Tokitoh et al. for the 9-silaan- Ind- C0.) was purified by repeated recrystallization from
thracene derivative kinetically stabilized by the bulky substitu- cyclohexane. 9-Methyl-9,10-dihydro-9-silaphenanthré)@d
ent, 2,4,6-tris[bis(trimethylsilyl)methyl] phenyl (Tbt) group, on ~ 9-Phenyl-9,10-dihydro-9-silaphenanthreBpwere synthesized
the silicon atonio-15 according to the procedure reported elsewh&Riphenyl (UP.

Formation of 9-silaphenanthrene has recently been deduced! ©<y© Chem. Ind. Co.) was used as a star;dard to estimate
from the isolation of trapping products formed in the thermal €MiSsion quantum yield. Methylcyclohexared®% Wako Pure
retro-ene elimination of several 9-substituted-9,10-dihydro-9- €hém. Ind. Ltd.), methanol (GR. Tokyo Chem. Ind. Co.),

silaphenanthrenes by two of us, Oba and NishiyafEo the ethanol (GR.Tokyo Chem. Ind. Co.), and'2-chlorobutane (GR.
best of our knowledge, however, there has been no report onTokyo Chem. Ind. Co.) were used as received. All samples were
fully bubbled with high-purity Ar gas just before use.
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Ch$m-gunma-U;aC-jp- Phone:81-277-30-1240. Fax:+81-277-1244. spectrophotometer. Fluorescence emission and excitation spectra
Gunma University. were measured by using a Hitachi M850 or F4500 fluorescence
* Kyushu Kyoritsu University. . .
s Kyoto University. spectrometer with band-pass of 2.5 or 5 nm for both emission
'Tokai University. and excitation. Fluorescence and phosphorescence quantum
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T T T TABLE 1: Photophysical Parameters of

4
R — Em(Exc2650m) |(a) 70 9,10-Dihydro-9-silaphenanthrene Derivatives in
o Exe(Mon.366um) Methylcyclohexane at Room Temperature
Abs. J04
1 1 2 3
102 P 0.57 0.03 0.02
. 7 (NS) 5.9+ 0.5 0.6+ 0.4 0.4+ 0.4

iy J 0.0 7 (ns) 10.3 20 20
_=IOR N O k (107sY) 9.7 5.0 5.0
g o A)t()cs on.362nm; {os g kfnr (107 S*l) 73 160 240
s E for 1, while a shoulder was observed around 300 nm for both
< 102 2 and3. It is understood that these 9,10-dihydrophenanthrene

derivatives have electronic structures similar to each other and
the perturbation given by the introduction of a silicon atom is
rather small. On the excitation of the absorption maxima,

— Em.(Exc270mm) | (¢) 7] 0.6
e Bxe(Mon.367nm)
-- Abs.

0.4 fluorescence spectra were determined as shown by the full line
in Figure 1. The fluorescence spectrumiafhows peaks around
102 307 and 322 nm with small Stokes shifts, while thos€ ahd
' o 3 are broad and show maxima at 362 and 367 nm with
300 400 500 600 remarkably large Stokes shifts, respectively. This indicates that
Wavelength / nm the conformational changes on going from the ground to the

Figure 1. Absorption (broken line), emission (full line), and excitation ~ fluorescing state i2 and3 are much larger than that dfand
(dotted line) spectra of 9,10-dihydrophenanthrene (a), 9-methyl-9,10- C—C(methylene) Si—C linkages are much flexible than the
dihydro-9-silaphenanthrene (b), and 9-phenyl-9,10-dihydro-9-silaphenan- C—C(methylene) C(methylene)-C linkage. Thus, it is expected
threne (c) in methylcyclohexane at room temperature. Calculated that the photophysical and photochemical properties of the
electronic transitions are shown by the stick spectra. fluorescing states o and3 are different from that of.

. . . . . Fluorescence quantum yieldsb{) of 1, 2, and 3 were
yields were determined relative to those of biphenyl in meth- j.tarmined relative to that of biphenyb(= 0.14f%to be 0.57,

ylcyclohexane at room temperature and at 77 K. Fluorescenceq 53 and 0.02 at room temperatudia(1) is in good agreement
lifetimes were measured by using an Edinburgh Analytical with the reported valuedg;(1) = 0.55) determined in cyclo-
Instruments FLOOOCDT Spectrometer systena fHIser, pulse  poyane at room temperati#eRemarkable reduction i is

width 0.8 ns, 10 photons/pulse, repetition rate 40 kHz). admitted for2 and 3 compared with that of, indicating that

Phosphorescence decay was recorded on a Hitachi F450Q,,, 4 iative deactivation is much more efficieniand3 than
fluorescence spectrometer with band path of 2.5 nm and at of 1.

response time of 0.01 s. Nanosecond laser photolysis was studie
by using a Unisoku TSP601H nanosecond laser photolysis
system by flowing the sample solution using 266-nm light of
an N YAG laser (output of fourth harmonic, 2 mJ/pulse,
pulse width 8 ns, 10 HA Steady-state photolysis was carried

out at 77 K using 266-nm_ light of an Nﬁ:YAG laser (1800 exponential function, and its lifetime was determined to be
pulses). Prodgcts formgd in the photolyses in methanol/ethanolg g | g g ns, in agreement with the value (6.6 ns) reported for
1:1(vol/vol) mixed solution at 77 K were analyzed by use of & 1 i, cyciohexane at room temperatdiehe fluorescence decay

gas chromatography mass spectrometry (GC-MS) spectrometer, o< of2 and 3 were also anal : ) :
) o ; yzed by single-exponential
(Hewlett-Packard GC5890 Series II, methyl silicone capillary ¢,-tions with lifetimes of 0.6+ 0.4 and 0.4+ 0.4 ns,

column, and JEOL JMS-AX-500 and DA7000 data systems). yoqnectively. Radiative lifetime = /@) of 1 was estimated

Tlhe TMS calculatlonfs r\:vere carged gut to o(ti)taln optwplzed to be 10.3 ns, and radiativé) and nonradiative decay rate
molecular structures of the ground and excited states of 9,10-concianic e — (1/db; — 1)) of 1 were estimated to be 9.7

dihydro-9-silaphenanthrene and possible reaction intermedi- ;.47 3, 107 51 respectively. Radiative lifetimes @fand3

ates;’ and C.NDO/ S-Cl calculatlon§ were performeq t0 Study \yere determined to be both 20 ns, and radiative and nonradiative
the electronic spectra for the optimized structéreith ap- decay rate constants were estimated to be 5.0 andx1607
propriate parameters for the silicon atéfn. s1for 2and 5.0 and 24& 10’ s for 3, respectively. These
photophysical parameters are summarized in Table 1.
Photophysical Processes of 9,10-Dihydro-9-silaphenan-
Photophysical Processes of 9,10-Dihydro-9-silaphenan- threne Derivatives at 77 K. Parts a-c of Figure 2 show the
threne Derivatives at Room Temperature Parts a-c of Figure absorption, emission, and excitation spectralo?, and3 in
1 show the absorption (broken line), emission (full line), and MCH at 77 K. These absorption spectra (broken line) are similar
excitation spectra (dotted line) of 9,10-dihydrophenanthré&je ( to those observed at room temperature. Fluorescence spectra
9-methyl-9,10-dihydro-9-silaphenanthrer®, (and 9-phenyl- (full line) observed upon excitation of the absorption maxima
9,10-dihydro-9-silaphenanthrer®) {n methylcyclohexane (MCH) at 77 K are also similar to those at room temperature, but the
at room temperature. These absorption spectra are similar towavelength of the fluorescence maximum is shifted to the
each other, and the molar absorption coefficients of the shorter wavelength by 10 nm bhand by 5 nm in3 compared
absorption maxima of (at around 265 nm) (269 nm), and with that at room temperature. These spectral shifts may be
3 (270 nm) were determined to be ca. 18 000, 15 700, and interpreted by the dual fluorescence, which is evidenced by the
16 100 M1 cm™1, respectively. These spectra are reasonably analysis of the fluorescence decay curves as shown below.
explained by the calculated electronic spectra (stick spectra). It Fluorescence quantum yield®{ of 1, 2, and3 were also
is noted that a weak absorption peak was observed at 303 nmdetermined at 77 K relative to that of biphengi{(= 0.14%2in

Fluorescence decay profiles of these compounds were deter-
mined by means of the single photon counting technique in
MCH at room temperature by monitoring the fluorescence at
the maxima upon excitation of the absorption maxima. The
fluorescence decay curve df was analyzed by a single-

Results and Discussion
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Figure 2. Absorption (broken line), emission (full line), and excitation
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Figure 3. Potential-energy curves calculated for the groung) é&8d
. : excited (§) states of 9,10-dihydrophenanthrene (broken line) and 9,10-
(dotted line) spectra of 9,10-dihydrophenanthrene (a), 9-methyl-9,10- dihydro-9-silaphenanthrene (full line).

dihydro-9-silaphenanthrene (b), and 9-phenyl-9,10-dihydro-9-silaphenan-
threne (c) in methylcyclohexane at 77 K. TABLE 2: Photophysical Parameters of

9,10-Dihydro-9-silaphenanthrene Derivatives in
MCH to be 0.66, 0.28, and 0.23, respectively. Remarkable Methylcyclohexane at 77 K

increases inD¢(2) and ®¢(3) at 77 K compared with those at 1 2 3

room temperature are noticeable. This indicates that nonradiative™ g, 0.66 0.28 0.23
deactivation of the fluorescing state becomes less efficiedt in 7 (ns) 52+05 2.6+0.2(34%) 2.7+ 0.3 (39%)
and 3 at 77 K than at room temperature. Fluorescence decay 45+ 0.3(66%) 5.8 0.5 (61%)
profiles of these compounds were determined in MCH at 77 K =° (n§) o 7.9 9-16 12-25

by means of the single photon counting technique with Enﬁlgofs)l éZE;? fg_léo ‘11;328
monitoring wavelengths of 323, 352, and 364 nm and excitation qf) ( ) 0.04 0.08 0.11
wavelengths of 280, 270, and 270 nm far 2, and 3, ,pp(s) 3.0+ 02 1.1+0.2 0.8+ 0.2
respectively. The fluorescence decay curve ofas analyzed kp (s71) 0.04 0.10 0.18

by a single-exponential function, and its lifetimer)(was k" (s7) 0.29 0.81 11

determined to be 5.2 0.5 ns, being comparable to that at room
temperature. The fluorescence decay curvesaid3 at 77 K ) ) )
were analyzed by double-exponential functions with lifetimes Yield. All photophysical parameters determined at 77 K are
of 2.6 & 0.2 ns (emission intensity of 34%) and 4450.3 ns summarized in Table 2.
(66%) for2 and 2.7+ 0.3 ns (39%) and 5.8 0.5 ns (61%) To study the large Stokes shift observed 2and3 and the
for 3. These results may indicate that there are double minima dual fluorescence at 77 K, we examined the structural change
in the potential curve of the lowest excited singlet state with a in the excited state by use of the PM3 calculation. Figure 3
small barrier between them, which is overcome at room shows the potential-energy curves of the grounyl §8d excited
temperature to give single-exponential decay. singlet () states calculated for a model compound, 9,10-
Radiative lifetimes ofl. were estimated to be 7.9 ns at 77 K, dihydro-9-silaphenanthrene, as a function of the bond length
and the radiative and nonradiative decay rate constartsvefe between C(methylene) and Si (or C(methylene)) atoms. All other
estimated to be 12.7 and 6.% 10’ s'1, respectively. As bond lengths and angles were varied to obtain the optimized
mentioned above, the fluorescence spectra observe? dad structure. A stable structure was predicted at ca. 1.54 A of the
3 at 77 K consist of two components with rather close lifetimes C(methylene) C(methylene) bond length for both the &nd
to each other. Therefore it is difficult to resolve the fluorescence S; states ofl. For 9,10-dihydro-9-silaphenanthrene, a normal
spectra into a long and short lifetime components. We estimatedbond length of ca. 1.90 A was predicted for the-8i single
the lower and upper limits of the decay rate constants by bond in the g state, while for the Sstate a shallow minimum
considering two limited cases where the emission intensity is and a deeper minimum were predicted at around 2.1 and 2.4
due to only the long or short lifetime component. Radiative A, respectively, with a barrier of 5 kJ mdlL As a result, it is
decay rate constants 8fand3 at 77 K were estimated to be in  expected that the €Si bond length changes from ca. 1.90 A
the range of £9—16) and ¢12—25) x 10’ s7%, respectively, in the S state to longer bond lengths (2.1 or 2.4 A) in the S
and nonradiative decay rate constants were in the range ofstate of 9,10-dihydro-9-silaphenanthrene. Thus the large Stokes
(~16—30) and £13—28) x 10’ s L. These radiative decay rate  shifts observed fo2 and3 may be explained by the elongation
constants o2 and3 at 77 K are comparable with those at room of the C(methylene)Si bond in the lowest excited singlet state.
temperature, while nonradiative decay rate constants are smalleit is noticed that the fluorescence band maxim& @ind3 are
by one order than those at room temperature. Thus it is shifted to longer wavelength by-5.0 nm on going from 77 K
understood that the increase of nonradiative decay rate isto room temperature, suggesting that the larger structural change
responsible for the short fluorescence lifetimes2aind 3 at induced by the C(methyleneBi bond elongation takes place
room temperature and for the decrease in fluorescence quanturmat room temperature.
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Figure 4. Transient absorption spectra observed upon nanosecond laser Wavelength / nm

flash photolysis in cyclohexane for 9,10-dihydrophenanthrene (a), Figure 5. Difference absorption spectra before and after the photolysis
9-methyl-9,10-dihydro-9-silaphenanthrene (b), and 9-phenyl-9,10-di- of 9,10-dihydrophenanthrene (a), 9-methyl-9,10-dihydro-9-silaphenan-
hydro-9-silaphenanthrene (c) at room temperature. Insets are decaythrene (b), and 9-phenyl-9,10-dihydro-9-silaphenanthrene (c) in 2-chlo-

curves determined at 350 nm. robutane at 77 K.
As shown in Figure 2, structured phosphorescence spectra T T T T
of 1, 2, and3 were observed in the wavelength region longer 6x107 | @

than 420 nm and are similar to each other in contrast to the

fluorescence spectra. Phosphorescence quantum yeis{

1, 2, and3 were measured relative to biphenyb = 0.24}?

in MCH at 77 K and were estimated to be 0.04, 0.08, and 0.11,

respectively. Phosphorescence decay profiles of these com-

pounds were determined by monitoring the emission at 480 nm 8 410
upon excitation at 260 nm. Phosphorescence lifetimgsaof _§
1, 2, and3 were determined to be 3:80.2, 1.1+ 0.2, and 0.8 8
+ 0.2 sin MCH at 77 K, respectively. By assumption tkai. %

=1 — @y, radiative k, = 1/r,° = ©p/(1,Pis)) and nonradiative
decay rate constant&(" = 1/z, — 1/7,0) for the triplet state
were estimated to be 0.04 and 0.29 or 1, 0.10 and 0.81 & 8x10”
for 2, and 0.18 and 1.173 for 3, respectively, by assumption
that @i is evaluated by 1— &;. These parameters are
summarized in Table 2.
Photolysis of 9,10-Dihydro-9-silaphenanthrene Deriva-

tives: Nanosecond Laser Flash PhotolysidNanosecond laser 00 450 500 600 700 300
flash photolysis of2 and 3 were studied by irradiation with Wavelength / nm

266-nm light pulse in comparison with Parts a-c of Figure i . i .
4 show nanosecond transient absorption spectta 2fand3 Figure 6. Difference absorption spectra t_)efore and after the _photoly5|s
. ; of 9,10-dihydrophenanthrene (a), 9,10-dihydro-9-methyl-9-silaphenan-
in Ar-saturated cyclohexane solution at room temperature. A threne (b), and 9-phenyl-9,10-dihydro-9-silaphenanthrene (c) in meth-
broad absorption band was observed around 350 nm for allylcyclohexane at 77 K.
compounds. By the analysis of the absorption decay curves
determined at 350 nm bands (shown in insets), the lifetimes were carried out in 2-chlorobutane and in MCH glass at 77 K.
were estimated to be 12, 16, and 26 for 1, 2, and 3, Parts a-c of Figure 5 show the difference absorption spectra
respectively. Since these absorption spectra are similar to eactof 1, 2, and3 before and after the photolysis in 2-chlorobutane.
other and also similar to the tripletriplet absorption spectrum  For 1, two intense absorption bands were observed with maxima
of 1 reported by Heinzelmann and Labh#these spectra are  around 670 and 400 nm, being in good agreement with the
ascribable to their triplettriplet absorption. No spectral evi-  absorption spectrum of its radical cations produced®igo
dence was obtained for photochemical products or intermediatesy-ray irradiation with dose of 10 kGy (10 kGy/ 1 h). This
in the nanosecond transient absorption spectra other than thespectrum is also very similar to that reported by SRidaimilar
triplet state. Upon the 266-nm photolysis of these samples atabsorption spectra were observed 2oand 3 with absorption
77 K, similar transient absorption spectra were observed. maxima around 670 and 400 nm, and these spectra are ascribable
Therefore it is confirmed that only triplet species are produced to their radical cations. Absorbance ratio of the 400-nm band
upon the nanosecond laser flash photolysis for these samplesto the 670-nm band is about 3.1, 2.7, and 1.9 for the radical
Steady-State Photolysis of 9,10-Dihydro-9-silaphenan-  cations ofl, 2, and3. Parts a-c of Figure 6 show the difference
threne Derivatives at 77 K.Photolysis of samples, 2, and3 absorption spectra df, 2, and3 before and after the photolysis
by irradiation with the pulsed laser light of 266 nm (1800 shots) in MCH. Similar to the absorption spectra in 2-chlorobutane, a
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Figure 7. Fluorescence spectra around the 600-nm region (full line, Figure 8. Fluorescence spectra in the region of 4330 nm (full
excitation wavelengtis= 400 nm) and excitation spectra (dotted line, line, excitation wavelengtk= 380 nm) and excitation spectra (dotted
monitored at the fluorescence peak around 600 nm) after the photolysisline) monitored at wavelength 423 and 440 nm observed after the
of 9,10-dihydrophenanthrene (a), 9-methyl-9,10-dihydro-9-silaphenan- photolysis of 9-methyl-9,10-dihydro-9- silaphenanthrene (a) and 9-phenyl-
threne (b), and 9-phenyl-9,10-dihydro-9-silaphenanthrene (c). 9,10-dihydro-9-silaphenanthrene (b), respectively, and fluorescence and
excitation spectra of 9-Tht-9-silaphenanthrene observed by excitation

weak and broad absorption band was commonly observed in@ 360 "M and monitored at 430 nm (c).

the visible region with maximum around 670 nm, and also an  gjimjjar weak fluorescence and excitation spectra were also

intense and sharp band was around 400 nm. This indicates thal,served foR and3 photolyzed in MCH at 77 K as shown in
the radical cations are also produced by the photolysis in MCH o151y and c of Figure 7, respectively. The excitation spectrum
at 77 K. However, the absorbance ratio of the 400-nm band 10 yetermined by monitoring the fluorescence at 610 nm corre-

the 670-nm band are about 9 for all samples, suggesting that a'sponds well to the absorption spectrum in the region-37

least an additional absorption band ascribable to reaction product,,, According to the spectral resemblance of the 400-nm
or intermediate is overlapping with that of the radical cations absorption band ¢ and3 to that of1, the 400-nm bands shown

in the 400-nm region. These 400- and 670-nm absorption bandsi narts b and ¢ of Figure 6 are ascribable to the carbon-centered
disappeared when the photolyzed solutions were warmed {0 qgjicals: 9-hydro-9-silaphenanthrenyl radicals. Since we could
room temperature, indicating that the additional absorption band 4t find out the 400-nm absorption band due to the carbon-
is ascribable to unstable species at room temperature. It should,gntereq radicals in the transient absorption spectra, these
be noted that these intermediates and unstable products arg,gicals are considered to be produced by a multiphoton process
considered to be formed by multiphoton process, because nojj the triplet state as mentioned above. It is noted here that
such absorption band was observed in the nanosecond transien},e 450-nm excitation band observed fomay be attributed
absorption spectra. to unknown silylene species judging from its wavelength.

We studied the photolysis of 9,10-dihydro-9-silaanthracene  Another fluorescence band was observed upon excitation with
derivatives at 77 K and confirmed the formation of 9-silaan- the 380-nm light for2 and3 photolyzed in MCH at 77 K. For
thracene, 9,10-dihydro-9-silaanthracene-9,9-diyl (silylene-type 2, two distinct fluorescence peaks were observed at 402 and
species), and 9-hydro-9-silaanthracenyl radical (carbon-centereds23 nm as shown in Figure 8a (full line). The excitation
radical at the 10th carbon) by studying the absorption and spectrum observed by monitoring the fluorescence at 423 nm
fluorescence spectPalhis carbon-centered radical is the benzyl- shows a peak at 399 nm and also an intense and broad peak at
type radical that shows an intense absorption band in near-UV around 340 nm (Figure 8a, dotted line). Figure 8c shows the
region and a very weak band in the visible region, and exhibits fluorescence (full line, excitation wavelength 360 nm) and
a fluorescence band in the visible region. excitation spectrum (dotted line, monitor wavelength 430 nm)

To examine the emitting species produced upon the photolysisof 9-Tht-9-silaphenanthrene synthesized by Shinohara and
in MCH at 77 K, fluorescence spectra were measured and theTokitoh 1> Fluorescence peaks were observed at around 407 and
results are shown in Figures 7 and 8. On the excitation of the 430 nm, and excitation peaks were at around 403 and 360 nm.
400-nm absorption ofl, a fluorescence band was observed These spectra are similar to those observe@fand therefore
around 600 nm as shown in Figure 7a (full line). By monitoring the spectra of Figure 8a are reasonably ascribed to 9-methyl-
the 600-nm emission, an excitation spectrum was observed with9-silaphenanthrene. The fluorescence decay curve of 9-methyl-
maxima around 400 and 375 nm (dotted line), being in 9-silaphenanthrene observed at the 423-nm emission peak was
agreement with the absorption spectrum of Figure 6a. This determined by means of the single photon counting technique
spectral pattern with a long-wavelength emission and an intenseby exciting the 399-nm band. The decay curve was analyzed
short-wavelength absorption in the near UV region is charac- by sum of two single-exponential functions with lifetimes of
teristic of the benzyl-type radicals. Therefore the 610-nm 6.3 ns (intensity ratio 86%) and 2.0 ns (14%). This result is
emission and the absorption with peaks around 400 and 375very similar to that of 9-Tht-9-silaphenanthrene; the fluorescence
nm can be ascribed to the carbon-centered radicals at the 1Qifetimes are 6.9 ns (94%) and 2.4 ns (6%). These results also
position: the 9-hydro-9-phenanthrenyl radical. support the above assignment of the fluorescence in the region
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TABLE 3: Calculated Results of Electronic Absorption
Spectra of 9-Silaphenanthrene and Phenanthrene

transition energy, eV (nm)  scillator

J. Phys. Chem. A, Vol. 110, No. 11, 2008373

290 NM Emax ~ 15 000 Mtcm™1) and 260 nm max ~ 67 000
M~1cm™1). These absorption bands are assigned tolthe'l ,,
and !B, (!By) transitions, respectiveRp 27 Calculated results

strength, obtained by CNDO/S-CI calculation for 9-silaphenanthrene are
calcd 0bsd Amay calcd shown in Table 3 in comparison with those of phenanthrene.
9-silaphenanthreneW,  3.65(340) 3.10 (400)  0.150 According to the results, the first two transitions are represented
W, 3.71(334) 3.64(340) 0.292 in terms of four singly excited electronic configurations:
phenathrene W, 3.84(323) 3.58(346) 0.0011(,)2 (D(LUMO*—HOMO). q)(LUMO—HOMO—HOMO—l)y (I)(LUMO+1<—HOMO), and
W, 439(282) 4.23(293)  0.188l()* ®(Lumo+1-—Homo-1), Where HOMO is the highest-occupied
a Reference 27. molecular orbital and LUMO is the lowest-unoccupied molec-
ular orbital, as follows
SCHEME 1
X 3/ x * X III|(1|-b) =
Si hv hv ‘Si o+

266 nm 0-70213(LUM0+1~H0M0) - 0'661@(LUMORHOM071) + o

=30

266 nm

N Ya®,

—
L G0

400-550 nm to 9-methyl-9-silaphenanthrene. As a result it can
be pointed out that 9-silaphenanthrenes exhibit dual fluores-
cence. This dual fluorescence may be attributed to the closely )
lying first two electronic transitions predicted by the MO ~ ¥y (9-silaphenanthreney —0.808P  yyo-omo) T
calculation for 9-silaphenanthrene as shown in Table 3.

If 9-methyl-9-silaphenanthrene is produced upon the pho-
tolysis at 77 K, it may be trapped by methanol or ethanol to Itis understood that the configuratidry umo—Homo) contributes
give 9-methoxy- or 9-ethoxy-9,10-dihydro-9-silaphenanthrenes. to W, by a weight of about 25% different from the case of
By investigation of the photoproducts formed upon the pho- phenanthrene (negligibly small contribution). Although the
tolysis of2 in methanol/ethanol (1:1 vol/vol) mixed solution at  silicon atom substitution induces reduction of symmetry of these
77 K, the alcohol-trapped productsyz 240 of methoxy molecular orbitals, rather high correlation of the charge density
derivative andn/z 254 of ethoxy derivative, were detected by of molecular orbitals between 9-silaphenanthrene and phenan-
means of GC-MS analysis. This result also supports the threne was confirmed by expanding molecular orbitals of
photochemical formation of 9-methyl-9-silaphenanthrene at 77 9-silaphenanthrene in terms of those of phenanthrene
K.

The fluorescence spectrum ®photolyzed in MCH at 77 K
is shown in Figure 8b. When the 380-nm absorption band was
excited, a fluorescence spectrum was observed in the region of
400-550 nm with a maximum around 440 nm as shown in ¢, ..~ ,(9-silaphenanthrene}

Figure 8b (full line). Excitation spectrum determined b

mgnitoring t(he emiss)ion at 440 nm ghows a maximum at 336(;0 0.9780mo0-1(Phenanthreney- ---
nm with several shoulders around 400 nm (dotted line).
Although the excitation spectrum seems to be different from
those of 9-methyl- and 9-Tbt-9-silaphenanthrene, this difference
is reasonably explained by the spectral overlapping of the intense )
second absorption band to the weak first absorption band, ?Lumo+1(9-silaphenanthreney

induced by the large red shift of the second band. Fluorescence 0.953p yyo1(Phenanthrene}- «--
decay curve was determined at 430 nm by means of the single

photon counting technique by exciting the 400-nm band. The CNDO/S-CI calculation predicts that the energy of HOMO
decay curve was analyzed by sum of two single-exponential increases by 0.37 eV compared with that of phenanthrene upon
functions with lifetimes of 5.0 ns (intensity ratio 32%) and 1.6 introduction of Si atom at the 9 position, whereas that of LUMO
ns (68%). These fluorescence lifetimes correspond well with decreases by 0.55 eV as shown in Figure 9, in contrast to very
those of2, although the intensity ratio is reversed. The reverse small change in energy of HOM&L (0.04 eV) and LUMG-1

in intensity ratio supports the band overlapping mentioned (0.01 eV).

above. These data indicate that both the first and the second transition

Electronic Structure of 9-SilaphenanthrenesThe spectral bands are expected to be shifted to the longer wavelength,
characteristics of 9-silaphenanthrenes are explained by theirespecially with larger shift in the second transition, and as a
electronic structure. The carbon analogue, phenanthrene, showsesult these two transitions are expected to be more closely lying
a weak structured absorption bargdx ~ 250 M cnT?) in the than in the case of phenanthrene. Actually, as can be understood
region of 306-350 nm and intense absorption peaks at around from Figure 8a the absorption maxima of these two transition

W

X=Me, Ph

O
III||(1|—a) =
0.881P ymo--Homo) T 0-450P  yyo +1--Homo-1) T ***

These transitions are polarized along the molecular short- and
long-axis, respectively.

The first two electronic transitions of 9-silaphenanthrene are
calculated to be both located at about 340 nm and also
represented in terms of four electronic configurations

W, (9-silaphenanthreney 0.546D | yy0+1—Homo) —
O'SQZI)(LUMOHHOMofl) - O'SZE(LUMOHHOMO) + o

0-43913(LUM0+1~H0M0—1) + o

duomo(9-silaphenanthreney
0.971,,omo(Phenanthreney «--

dLumo(9-silaphenanthreney
0.893p, o (Phenanthreney- -
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