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A Correlation between Global Conformation of this understanding, we recently obtained various optically active

Polysilane and UV Absorption Characteristics and inactive polysilanes bearing chiral and achiral alkyl and/or
o o phenyl pendants by Wurtz condensation of the corresponding

Michiya Fujiki substituted dichlorosilanes. The main features of these polysi-

lanes in THF at 30C are that the value is broadly distributed
from 5500 to 57 500 and the peak energy ranges from 3.5 to
4.2 eV @max= 290—352 nm), while thex value ranges widely
from 0.51 to 1.35.
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Receied Naember 14, 1995 Twenty-one polysilane samples were examined in this
. . ) study: seven optically active poly(dialkylsilane)s with four
When a mobile backbone conformationsafando-conjugat- different types of chiraB-, y-, or 5-branched alkyl substituents;

ing polymers is strongly coupled with an electronic structure, eleven optically inactive poly(dialkylsilane)s with six different
changes in UV-vis absorption spectra and/or chiroptical types of achira-, y-, or 8-branched substituents; an optically
properties are observed phenomenologically as thermochromisminactive poly(dialkylsilane) copolymer prepared from a racemic
solvatochromism, piezochromism, electrochromism, and/or mu- chiral monomer: and two optically inactive poly(alkylphenyl-

tarotation:? Although polysilanes, being-type chromophores,  sjlane)s. These polysilanes were classified as having shrink coil,
exhibit these phenomena to a remarkable degree, their structurafjexiple coil, stiff, and rigid rodlike conformations from their

origins are controversial because of the limited information gy and29Si-NMR line widthé® A shrink form with restricted
available on the relationship among the conformational proper- segmental motion, which was suggested from the dovalue

ties of the Si backbone, excited electronic state, and actual of 9.5-0.6% and broad9Si-NMR line width of about 50 Hd
optical characteristics. We found empirically for various s forced by a pair of methyl and-branched alkyl pendants.
polysilanes in THF at 30C that the lowest excitonic backbone  Ajthough the viscosity measurement needs a wide range of
peak intensity per silicon repeating uritSi unit/dn?)~t-cm?, narrowly dispersed molecular weight polymer samples, today’s
increases exponentially as the viscosity indexncreases. The  agqyanced GPC instruments equipped with a viscosity detector

o valug relates primarily to thg conformational properties of enable us to measure the intrinsic viscosigy), Bs a function
the chai and therefore in polysilanes to the mean free path of of the molecular weight of the polymeM, in real time8

a photoexcited electrerhole pair. This correlation would be  pegpite the fact that the resulting information may be rather
helpful for dlgpu35|ng the conformational change of.pqusnane semiempirical compared to the chain radius of the gyrafn,
in any condition. It would also be useful for predicting the  getermined by light scattering measurements cthalue tells
lower and upper limits of the peak intensity for the respective |5 the degree of chain coiling direcflyThe a value would be
globular and perfectly extended rod polysilanes. . derived from theR, 0 M equation, where. = 3v — 1. The
Both optically active and inactive polysilanes, polyk&Si), a values of all poly(RR,Si) are listed in ref 8. Conventional
have excellent optical characteristics for studying such confor- g andg are in a flexible coil on the basis of light-scattering and
mational structures in solution, because it is known that the viscosity measurements.
characteristics of the lowest excitonic it Si(o*) absorption Figure 1 plots the logarithm of thevalue and the peak width,
at 3-4 eV varies sensitively with the helical torsion angle, ihe fwhm (eV), of polysilanes as a function of thevalue in
segmentation, and regularity of the hefi¥. On the basis of  TF 5t 30°C and shows good linear relationships between log-

(1) (@) Patel. G. N.; Witt, J. D.; Khanna, Y. B. Polym. Sci., Polym. (e) anda, € = 1130 exp(2.96), r = 0.964, and between log-
Lett. EA.1978 16, 607. (b) Rughooputh, S. D. D.; Hotta, S.; Heeger, A. J.; (fwhm) anda, fwhm = 3.15exp (2.770), r = 0.963. The

‘(/;Vgrdn']’a';-’Jb'l:’oB'}’;méEJ%'BS'?%BI/T&PE%S.- gﬁ%ﬁ 2856 cltgg%,' &‘31)3"{'010{8&;]-( [%-3 product ofe and the fwhm, which corresponds to the oscillator
Bouman, M. M.: Havinga, E. E.: Janssen, R. A. J.: Meijer, E. M4l. strength of the peak, however, is almost independent of the
ICD:?{ZIE-SlO_:’?. l\(l:rés-t'si% Tref:$g?;'rh%tecftiggéo%ia F?slg_.if(s%) rsGéee?]T;’e’tgg'\él'; global cogfqrrgationa In a?dEioE, blc(>l;h theand IIWhm valuehs' .
, N G Salo, 1., 1 s Ay LOOK, I, seem to be independent of the backbone peak energy, which is
é?,%lllggg -1({)771""155“9'@?' E.; Matsushima, T.; Okamoto, JV.Am. Chem. influenced by the helical torsion anéteindo—s mixing effect
(2) (a) Miller, R. D.; Michl, J.Chem. Re. 1989 89, 1359. (b) Miller, between a phenyl ring and Si backbd#e.
R. D.; Hofer, D.; Robolt, J.; Fickes, G. N. Am. Chem. S0d.985 107, Although the reason theand fwhm values vary exponentially

%%736&@??{2&'%’Z,f‘gf,el;r ’Sérr“,nggz’n}'_ Efj-ﬁ"\',zems-t}gff-ﬁiﬁfjﬁ%_ p. With the a value is not perfectly clear, it is thought that both

Organometallics 1985 4, 1318. (e) Walsh, C. A.; Schiling, F. C.;  directly relate to the mean free path, in Si units, of a
Macgregor, R. B. Jr.; Lovinger, A. J.; Davis, D. D.; Bovey, F. A.; Zeigler, photoexcited electrorhole pair within its lifetime. This is

J. M. Synth. Met1989,28, C559. (f) Miller, R. D.; Wallraff, G. M.; Baier, . P ey
M.; Cotts, P. M. Shukla, P.; Russell, T. P.; De Schryver, F. C.; Declercq, 0€Cause, if the electrerhole pair diffuses within a segment,

D. J. Inorg. Organomet. Cheni991 1, 505. (g) Frey, H.; Mder, M.; the path will correspond to the segment length, which results
Matyjaszewski, KMacromoleculed994 27, 1814. (h) Yuan, C-H.; West,
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(c) Schreiber, M.; Abe, SSynth. Met1993 55-57, 50. (d) Tachibana, H.; 3, methyl, 2-methylpropyl, 0.594, methyl, §-2-methylbutyl, 0.59;5,
Matsumoto, M.; Tokura, T.; Moritomo, Y.; Yamaguchi, A.; Koshihara, S.; methyl, n-propyl, 0.64; 6, n-butyl, n-butyl, 0.71; 7, 4-methylpentyl,

Miller. R. D.; Abe, S.Phys. Re. B. 1993 47, 4363. 4-methylpentyl, 0.728, (9-4-methylhexyl, §-4-methylhexyl, 0.72;9,
(5) (@) Sun, Y.-P.; Miller, R. D.; Sooriyakumaran, R.; Michl JJInorg. n-hexyl, n-hexyl, 0.74;10, n-hexyl, (5)-4-methylhexyl, 0.7511, methyl,
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L.; Bassler, H.; Stolka, M.; McGrane, KChem. Phys1991, 150, 81. (c) pentyl, 0.9214, n-hexyl, phenyl, 0.9915, n-hexyl, (§-2-methyloctyl, 1.15;
Tilgner, A.; Trommsdorff, H. P.; Zeigler, J. M.; Hochstrasser, R. M. 16, n-hexyl, 2-methylbutyl, 1.2117, n-hexyl, (9-2-methylbutyl, 1.2518,
Chem. Phys1992 96, 781. (d) Schilling, F. C.; Lovinger, A. J.; Zeigler, J. n-hexyl, 2-ethylbutyl, 1.2819, n-hexyl, 2-methylpropyl, 1.2920, n-octyl,
M.; Davis, D. D.; Bovey, F. AMacromolecules989 22, 3055. cyclohexylmethyl, 1.3121, n-decyl, §-2-methylbutyl, 1.35. For the—a.
(6) (a) Fujiki, M.J. Am. Chem. S0d.994 116, 6017. (b) Fujiki, M.J. relation study, we used only fractionated samples with a relatively Migh
Am. Chem. Soc1994 116, 11976. (c) Fujiki, M.Appl. Phys. Lett1994 of over 100 000 becauseof both flexible27and rodlike polysilané§tends
65, 3251. (d) Fujiki, M.Polym. Prepr. Jpn1995 44, 3557. Details will be to approach a constant value when filevalue exceeds about 10 000.
described elsewhere. Because ther values of stiff12, 13, and14 tend to decrease and attain

(7) Cotts, P. M.; Miller, R. D.; Trefonas, P. T., lll; West. R.; Fickes, G.  about 0.6-0.7 over 1 000 000 o1, both thee anda. values were adopted
N. Macromolecules1 987 20, 1046. at the peakM of about 50006-100000.
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transition (fromL = 30 toL = 75—140). The peak energy
shift, meanwhile, may come from the helix-to-helix transition
of an intrasegment, for example, from & % a 2-helix, since
the peak energy changes progressively with the helical torsion
angle, as suggested from ab initio calculations®

The piezochromism associated with the red-shifted UV band
of 6 in the solid film occurs at high pressuteFrom the log-
(fwhm)—a relationship, this chromism could be attributed to
the change from ag7to a metastable;zhelical structure within
the intrasegmental motion due to there being no sharpening of
excitonic absorption. In optically active polysilane copolymers,

the absorption intensity increases as the fraction of chiral silane
increases, and the specific rotation of the copolymers increases
as temperature decreagesThe logk)—a relationship suggests
that these increments result from the increase in helical segment
length associated with the increase in the relative population of
P- andM-helical segments.

By extrapolating the log)—a relationship, the lower and
upper limits of the peak intensity of polysilane in solution can
) . be estimated for the two ultimate structures= 1000 for a
in the o value in ] = kM. Recently, an advanced one- gopule @ = 0), ande = 150000-300000 for a perfectly
dimensional exciton theory demonstrated that the exciton extended rodd = 1.7-2.0). Actually, it has been suggested
absorption greatly weakens and broadens as the degree ofnat both poly(hydrophenylsilanelZ. ¢ = 2000 in THF) and
structural disorder increas&s The disorders involve deviations  polysilanes with oligoether pendants £ 1100 in EtOH) are
in Si—Si bond length, St Si—Si bond angle, and SiSi—Si— in a tight random coil or a globule-like forth.When the H-Si
Si torsion angle. Such deviation would determine the segment ponding of22 was replaced with sterically demanding atkyl
length, the mean free path, or the effeciveonjugation length.  sj hondings by hydrosilylation, the absorption increased=o
ThelL value or segment length in Si repeating numbers is now 5 30p% This ¢ change may be due to a globule-to-coil
estimated to be-9 Si for 4 with o = 0.59%° ~30 Si for9 with transition. Conversely, the value for19 (My = 2 x 10F) in
a = 0.74/and~150 Si for17 and21 with a = 1.25-1.35% isooctane progressively increases from 45 000 with an fwhm
Thesel values may lead to the simple relatier= 330L, r = of 0.10 eV at 3.86 eV to 110 000 with an fwhm of 0.05 eV at
0.99. As an application of these relationships, below we try to 3 91 eV when the temperature is cooled frei25 to—75 °C.5d
draw a picture of the structural change in the global conforma- Thjs ¢ value, the highest among all polysilanes, would cor-

tion of polysilane. . . respond to an almost perfect rod structure vithf ~330 and
The origin of the solution thermochromism 6fhas been o = 1.6.

controversiafa4f Although9 shows a broad absorption at room The e—a, fwhm—a, and e—L relationships in the SiSi

temperoa(t:ur'eer;v 10300’ When thle SOIU“?(” (;S Cé’o'ﬁ.?t KfBOb absorption characteristics are very sensitive probes for studying
or =55°C, it shows discontinuously a marked red shift of about g 5pa conformation, and this information will be very helpful

0.4 eV and an increase in peak intensiys= 25000-47000, in advancing discussions on the structural origins of various

which is accompanied by a narrowing of 1/3 to 1/6. Previous cpromisms and/or mutarotations in other polysilanes because

studies attributed this ch%nge_ to coil-to-rod transifiothe many structural changes have already been postidated.
formation of microcrystald? an intrachain association with a
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thermochromism occurs at low temperatures. If the thermo-
chromism is viewed in terms of the lagta and e—L
ralationships, it is reasonable to conclude that the INCrease I~ g o VoL : Waymouth, R, MJ. Am. Chem. Sod994 116,
UV intensity results from a coil-to-rod transition (froo = 9779. (b) Herrema, J. K.; van Hutten, P. F.: Gill, R. E.; Wildeman, J.;
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Figure 1. Lowest excitonic UV peak intensity, and full width at
half-maximum, fwhm, of polysilanes as a function of the viscosity

index, a, in THF at 30°C. Compound numbers are identical to those
in ref 8.
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