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Abstract: Several substituted oligophenylenevinylenes were synthesized using the-\Mittiger—Emmons

reaction to produce the trans isomers. Optical properties of these compounds were evaluated using absorption
and steady-state fluorescence spectroscopy. Fluorescence quantuniialdsrease with increasing solvent
polarity and approach unity in nonpolar solvents in the case of substtratesitrans1,4-bis[2-(2,5 -difluoro)-
phenylethenyllbenzenes am@ns,transl,4-bis[2-(2,5-dialkoxy)phenylethenyl)-2,3,5,6-tetrafluorobenzenes.

The compounds show a strong solvatochromic shift as a function of solvent polarity, yielding a stop@& 80

cm~1 according to the LippertMataga equation and indicating the emission of an additional charge-transfer
species. A two-state reaction model was confirmedtfans,transl,4-bis[2-(2,5-dialkoxy)phenylethenyl)-
2,3,5,6-tetrafluorobenzenéd) in different solvents by time-correlated single-photon counting using global
analysis. A dependence of the kinetic data on solvent polarity was found (global fitted decay times in picoseconds
for 71 andrz: 381/1281 inn-hexane; 101/1590 in toluene; 27/2974 in acetonitrile). Investigations of the solid
state showed liquid crystalline behavior f6d and for trans,transi,4-bis[2-(2,5-difluoro)phenylethenyl]-
2,5-diheptyloxybenzenedb). This was confirmed by polarization microscopy and thermal analysis. Both the
long alkoxy chains and fluorine substitution are responsible for the formation of mesophases. Photoluminescence
studies of3b and6d in the solid state indicated an intense emission that was yellodor

Introduction implications on PPV light emission, as well as in stabilizing
the PPV backbone against oxidatin.

Spectra of donoeracceptor-type compounds revealed an
additional relaxation in the excited state described as an
interchain excimer-state emissi®isuch polymers are substi-

d tuted by electron-donating and -withdrawing groups, leading
to fluorescence that depends on environment. This was recently
confirmed for a series of cyano- and alkoxy-substituted oligo-
phenylenevinylene&On the other hand, no significant differ-
ence of the emission was reported for PPVs having only alkoxy
ggroup substitution in ordinary solvents, gels, films, and bléfids.
Fluorinated oligophenylenevinylenes having different alkyl
or alkoxy groups on the aryl ring should be useful in addressing
the relationship between luminescence and structure. Advan-
tageously, these oligomers allow examination of optical proper-
TBowling Green State University. ties in solution because they are more soluble than the

* Martin-Luther-University Halle-Wittenberg. . . . .
s Humboldt University of Berlin. unsubstituted analogues. In addition, fluorine is a strong

(1) Contribution no. 375 from the Center for Photochemical Sciences. €lectron-withdrawing group, while methyl and methoxy are
(2) Burroughes, J. H.; Bradley, D. D. C.; Brown, A. R.; Marks, R. N.;  donor groups. Therefore, compounds having such functional

Polyphenylenevinylene (PPV) derivatives have received a
considerable amount of attention due to their applications in
electroluminescence (EL) devicg3A most challenging task
in this field is to optimize the photophysical behavior of the
PPVs to achieve high quantum efficiencies of both photo- an
electroluminescence. The introduction of various alkyl or alkoxy
substituents in the phenylene ring provides soluble materials
that allow one to tune the emission properfié3he attachment
of electron-withdrawing groups on the vinyl group, particularly
cyano substituents, results in an increase of luminescenc
quantun®® Recently, the attachment of fluorine substituents on
the phenylene ring showed considerable red-shifted” EL.
Fluorine might be expected to have important electronic
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Scheme 1.General Route for the Synthesis of CompouBlds-d and6a—d According to a Wittig-HorneEmmons Reaction
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phenylenevinylenes in the excited state. Replacement of the shortvas applied to evaluate the emission dynafiié§ using a

alkyl or alkoxy groups by long chains allows the examination standard time-correlated single-photon counting techrifue.

of self-assembling effectsthat can lead to the formation of  Finally, differential scanning calorimetry (DSC), polarization

ordered structures in the solid state. microscopy, and steady-state fluorescence were combined to
Liquid crystalline behavior has been previously reported for characterize the solid-state properties. These investigations were

oligophenylenevinylenes. Specifically, mesomorphism has beenaddre_ssed to show the gorrelations petwegn structure and the

found in poly(2,5-dialkoxy-1,4-phenylene-2,5-thiophene)s, poly- resyltlng 'thermal propertles. Polarization microscopy was used

(2,5-dialkoxy-phenylenevinylene), and paiyghenylene2 where to investigate \_/vhlqh comppund; show_ birefringence in the

smectic and nematic textures were observed. The localizationMolten state. Birefringence is an indication for ordered phases

of the phase transition decreases with increasing chain léagth. in the melt that can lead to unexpected red shifts in fluorescence

Replacement of the ethylenic unit by ethynyl groups yields in the solid state.

polymers with ordered structures considered as rigid tdtihe

phase transition from the liquid crystalline to the isotropic state

in oligophenylenevinylenes having alkyl side chains has been Synthesis. Synthesis of thetrans,transd,4-bis[2-(2,5-di-

investigated by differential scanning calorimetry, nuclear mag- fluoro)phenylethenyllbenzene8d—d) began with the com-

netic resonance, and polarization microscépyA typical mercially availablex-bromo-2,5-difluorotoluene. Treatment with

Schlieren texture was observed, indicating a nematic phasetrimethyl phosphite provided the corresponding phosphonate

transition. NMR analysis showed a rotation of the rigid backbone ester (), Scheme 1. The aryl dialdehyde?) (vere made via

along the molecular axis in the liquid crystalline phase. A study the corresponding dibromides upon metalation wifBuLi and

of the activation energies for-€H bond orientation indicated . . —

that the alkyl chains were considered as “bqund s_,olvent". La,%ﬁj{l‘rgﬁ‘{c‘geﬁ'tﬁ”s'e'}ﬁfi‘l‘;‘ét,i?ggfgaggﬁﬁ??rfsﬁaggs@msiggfm

Ordered textures were observed below the melting point of the  (12) yu, L.; Bao, Z.Adv. Mater. 1994 6, 156.

neat material for cast films af-octyloxy-substituted oligq¢ (13) Moroni, M.; Le Moigne, J.; Luzatti, Siacromoleculesi994 27,

phgnylenevinylene*)? X-ray analysis of cast'films upon heating 56%i4) Zhu, W.: Li. W.: Yu, L.Macromolecules997 30, 6274.

indicated an enhanced molecular orientation. The layers had a (15) Bouwer, H. J.; Krasnikow, V. V.; Pham, T. A.; Gill, R. E.; Van

distance of about 15 A and were aligned parallel to the surface. Hutten, P. F.; Hadziioannou, @hem. Phys199§ 227, 65.

- o . , 16) Coates, G. W.; Dunn, A. R.; Henling, M. L.; Ziller, J. W.;
The substitution of the aromatic ring with fluorine should Loéko)vsfya ES B - Grubbs ”,g_nH]_ Am, Chznml.ngoagga 12q| §é41_

lead tosz-stacking, as previously reported foans,transl,4- (17) Sarma, J. A. R. P.; Desiraju, G. R.Chem. Soc., Chem. Commun.
bis(2-phenylethenyl)-2,3,5,6-tetrafluorobenzemestacking is 1984 14s. _ _

responsible for the [2 2] photodimerization of this compound Peﬁﬁ? \T/;Zugf"gg;gyéﬁ" Row, T. N. G.; Venkatesan, &.Chem. Soc.,
in the solid staté® Substitution with chloriné? fluorine® or (19) Desiraju, G. R.; Kamala, R.; Kumari, B. H.; Sarma, J. A. RIP.
alkoxyaryl group¥’ can direct specific packing in the crystal. ~Chem. Soc., Perkin Trans.1884 181.

; ; ; _ (20) Sharma, C. V. K.; Panneerselvam, K.; Shimoni, L.; Katz, H.; Carrell,
Moreover, dOI’lOFaCCGp'IOI’ Interactions are important for mo H. L.; Desiraju, G. R.Chem. Mater1994 6, 1282.

Results and Discussion

lecular alignment of photoreactions in the solid stdt€inally, (21) Samulski, EThe Mesomorphic Statén Physical Properties of
stacking can contribute to the formation of discotic phases in Polymers Mark, J. E., Eisenberg, A., Graessley, W. A., Mandelkern, L.,
liquid crystalline materiald! Samulski, E., Koenig, J. L., Wignall, G., Eds.; American Chemical

Society: Washington, DC, 1993.
The goal of the current work was to understand the  (22)van Stam, J.; De Schryver, F. C.; Boens, N.; Hermans, B.; Jerome,

photochemistry of the model compounds in ordinary solvents R';(;g))“i’:aeﬁt’ tG-’\?A Gosthalsy |’5\| S:hgc_hwﬁcrogo'\e/cu|e(;199é30. ﬁ5§/2- o

- . . melot, ., Boens, N.; Andriessen, R.; Van den bergn, V.; De
gnd to fl!nd c.orrelgtlons'between the structprg and the.propertlesSChryver’ F. CJ. Phys. Cheml991 95, 2041.
in combination with their fluorescence emission. The influence (24) Khalil, M. M. H.; Boens, N.; Van der Auerwaer, M.; Ameloot, M.;
of substitution on the absorption and emission behavior was g\g;igessen, R.; Hofkens, J.; De Schryver, F.JCPhys. Cheml1991, 95,
examined by _selectlve modification of the sulp_stltuents, focu5|_ng (25) Strehmel, B.: Seifert, H.: Rettig, W. Phys. Chem. B997, 101,
on the variation of donor strength and position on the chain. 2232
Some optical properties were studied using absorption and (26) Beechem, J. M.; Gratton, E.; Amelot, M.; Knutson, J. R.; Brand,

steady-state fluorescence in dilute solution. Under these condi-L: I Topics in Fluorescence Spectroscopgkowicz, J. R., Ed.; Plenum
. R . . L. Press: New York, 1991; Vol. 2, p 241.
tions, aggregation effects that would complicate kinetics in the * (27 o'Connor, D. V.; Phillips, D.Time Correlated Single Photon

excited state can be eliminated. Furthermore, global analysisCounting Academic Press: London, 1984.
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Table 1. Absorption (Maximum of Absorption},) and Emission localization of the electron in the acceptor part (represented for
Data (Maximum of Fluorescencg;, and Fluorescence Quantum example by the fluorine substitution). All compounds are highly
Yield, @) for 3a—c and6a—d in Toluene and Acetonitrile symmetrical Ca,) and are planar without any indication for a
compound solvent Aa(nm) At (nm) Dy pretwist of a phenyl group. The largest charge separation was
3a toluene 360 396 0.97 found for 6b.
CHZCN 354 393 0.48 Fluorescence quantum yields (Table 1) show a dependence
3b toluene 398 456 0.93 on solvent polarity, and the highest values were found in
CHCN 392 459 0.55 nonpolar solvents, where the yields approach 1. A consistent
3c toluene 358 406 0.91 d inD f d with i - vent polarit
CH:CN 346 407 0.33 ecrease in®y was found with increasing solvent polarity.
6a toluene 354 388 0.38 Triplet states have minor importance. Furthermore, high fluo-
CH:CN 346 386 0.07 rescence quantum yields in toluene are consistent with results
6b toluene 386 441 0.91 published about intramolecular charge transfer (ICT) in several
o tco'l"Lfgn’\é 33852 541002 %7229 donor-acceptor-substituted compourids?
CH:CN 344 202 0.05 Compounds6éb and 6d, with tetraalkoxy and perfluoro
6d toluene 386 445 0.99 substitution, show an unexpected strong shift of the fluorescence
CHsCN 378 518 0.69 maximum in ordinary solvents. Replacing the alkoxy group with

methyl groups as B¢ leads to little shift in fluorescence. The
fluorescence spectra obtained f&a, 3c, 6a, and6¢ show no
significant shift of the emission maximum, nor did the peaks
change their shape. The spectrum is almost structured, showing
a change of the fluorescence quantum yield as a function of
solvent polarity. On the other hand, a Stokes shift of more than

qguenching withN,N-dimethylformamide. In the cases where R
= alkyl, the yields were often low due to incomplete conversion
to the aryl dianion providing mixtures of the desired dialdehydes
(4) along with the monoaldehyde. These compounds could be

separated by column c_hromatographgl. Finally, a Witig 3000 cnr was measured fdb and6d upon changing from a
Hormer-Emmons olefination procedufe®provided thetrans, nonpolar to polar medium (toluene acetonitrile), see Figure

trans-1,4-bis[2-(2,5-difluoro)phenylethenyllbenzene compounds 1 *compoundsb, which possesses dialkoxy substitution on the
(3a—d) in good yields. The stereochemistry of the trans double iqqie aryl ring and difluoro substitution on the terminating
bond was established by the coupling constant of the vinylic 4romatic units, shows only a small shift of the emission spectra,
protons in the'H NMR (J = 15-17 Hz) and by bands in the 1 ;4 the spectral shift is dependent upon the polarity of the
IR (970 cm™), typical for trans-substituted polyphenylene- sqient. As a result, one can conclude that the alkoxy substi-

vinylenes. tutents are responsible for this behavior in fluorinated oligo-
The diphosphonate estel) (vas made from the corresponding phenylenevinylenes.

tetrafluorobenzy! dibromide, and the aldehydgswere com- Equation 1 describes the shift of fluorescence due to the

mercially available or easily synthesized by standard organic formation of species that have a different charge distribution in

procedures. Once again, characterization of the trans doublethe excited state in comparison to their electronic configuration

bond was made vidH NMR and IR spectroscopy. No Cis  in the ground stat&3® The behavior is similar to intramolecular
conformer was detected. Only one spot was observed in the

thin-layer chromatograr#. v = cOnst— 1 2 exc exc_ gs(FC
Absorption and Steady-State FluorescenceAggregation cT " 4ahce, ps“CT cT — HMcT
effects that are usually dominant in cast films of the neat

compound were excluded by photophysical measureriéhi.  charge-transfer states. For the sake of discussion, they will be
In general, a dependence of the absorption maximum as acalled CT in this work. In eq lycr is the emission energy in
function of fluorine, alkyl, or alkoxy substitution was found the corresponding solventy is the permittivity in a vacuum,

for 3a—d and 6a—d, see Table 1. Compounds with alkoxy Afis the solvent polarity paramet&p is the Onsager radius,
substituents3b, 6b, 6d) showed the largest bathochromic shift  h js Planck’s constanycr®cis the dipole moment of the CT
and two well-separated bands above 300 nm. The large molarin the excited state, ane:19{FC) is the dipole moment of the
absorption coefficients (abOUt 40 OOCTMCITFJ‘) indicate the CT in the ground state with FranelCondon geometry_
dominance ofzr—x* transitions, and additional shoulders or The slope obtained by using eq 1-i43 300 cn?, indicating
smaller contributions were found in the spectra. A slight that the species formed in the excited state must have a different
hypsochromic shift of the absorption maximum was observed charge localization in comparison to that in the ground state.
in polar solvents for all compounds. The results are summarizedThe slope is comparable with those published for a series of
in Table 1. solvatochromic compounds, such as dialkylaminonaphthalene-
f Brief quantum mechanical StUdle.S.at a semiempirical level (32) Kavarnos, G. Fundamentals of Photoinduced Electron Transfer
or 3a, 3c, 6a, 6b, 6cand a modified compound foBb VCH Publishers: New York, 1993.

(substituted with methoxy groups instead of heptyloxy groyps)  (33) Baumann, W.; Bischof, H.; Fhting, J.-C.; Brittinger, C.; Rettig,
indicate a localization of the electron in the donor part W.; Rotkiewicz, K.J. Photochem. Photobiol. A: Cherti992 64, 49.

e : : (34) Schuddeboom, W.; Jonker, S. A.; Warmann, J. M.; Leinhos, U.;
(represented by alkoxy substitution) for the occupied orbital Kiihnle, W.: Zachariasse, K. Al Phys. Chem1992 96, 10809.

JAf (1)

HOMO-1. The Unoccupled Orbltal LUM®1 Cleal’ly ShOWS (35) Zachariasse’ K. A.; von der Haar, T.; Leinhos’ U'.';hlq[ﬂ;Y W. J.
Inf. Rec. Mater1994 21, 501.

(28) Wadsworth, W. S.; Emmons, W. D. Am. Chem. Sod.961, 83, (36) Leinhos, U.; Kianle, W.; Zachariasse, K. Al. Phys. Chenl991,
1733. 95, 2013.

(29) Horner, L.; Hoffmann, H. H.; Wippel, H. G.; Klahre, @hem. (37) Jager, W. F.; Volkers, A. A.; Neckers, D. acromoleculed995
Ber. 1959 92, 2499. 28, 8153.

(30) Christian, G. DAnalytical Chemistry3 ed.; John Wiley & Sons: (38) Hoffmann, D. A.; Anderson, J. E.; Frank, C. \J/.Mater. Chem.
New York, 1980. 1995 5, 13.

(31) Blatchford, J. W.; Gustafson, T. L.; Epstein, A. J.; Vanden Bout, (39) Suppan, P.; Ghoneim, Nsobatochromism Royal Society of
D. A.; Higgins, D. A.; Barbara, P. F.; Fu, D.-K.; Swager, T. M.;  Chemistry: Cambridge, England, 1997.
MacDiarmid, A. G.Phys. Re. B 1996 54, R3683. (40) Onsager, LJ. Am. Chem. S0d.936 58, 1486.
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Figure 1. Fluorescence spectra 6b in solvents of different polarity
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is the formation of twisted intramolecular charge-transfer states

These slopes are smaller in comparison to compounds forming(TICT).4347 TICT can occur by a perpendicular twist of two
an intramolecular charge transfer, such as dimethylamino- rotating molecule parts that is accompanied by charge transfer.

benzonitriles 24 200 cnt? 33 or dimethylaminobenzoic esters
(—27 000 cn? 33). A quantitative evaluation requires knowledge
of the Onsager radiug, but this is unknown fo6b. Onsager
solvatochromic theory also requires spheroid geometry, but
this molecule’s shape is more elliptic.

The spectra obtained fdb and 6d in different solvents

The TICT mechanism has been examined using a series of
dialkylaminobenzonitrile43-48 Other models involving forma-
tion of charge-transfer states discuss planarization of pretwisted
molecule parts as it was shown for several 9,10-substituted
biaryls*®50 or the planarization of the dialkylamino group in
the excited stafé—36 as an opposing mechanism to the TICT

indicate the fluorescence of two emissive states that can be, inmodel. Planarization was also discussed for several cyano-
general, described by a reaction scheme that involves two Substituted oligophenylenevinylene compoubdsese com-
specied! The large Stokes shift indicates that one of the states pounds had a pretwist of the phenyl rings due to the substitution
possesses a higher polarity (referred to as the charge-transfe@t the olefinic group.
state, CT*¥2), while the other undergoes no significant electron ~ However, our quantum mechanical investigations show a
delocalization upon excitation and is referred to as the locally planar molecule witlC, symmetry. The results obtained make
excited state, LE*. All other compounds having an alkyl it obvious that planarization in the excited state could be one
substituent 3¢, 3d, 6¢) or only hydrogen on the aromatic ring ~ important reaction pathway. In addition, the formation of TICT
(3a, 6a) show no significant change in spectral shape as a states cannot be considered as the main path for charge transfer.
function of solvent polarity. However, the decrease in the For this reason, we could include additional models as the
quantum yield is remarkable and indicates the formation of formation of polarons, which is important in understanding the
another state with small oscillator strength. photoluminescence in conjugated polym&rs? In general,

Charge transfer i6b and6d is possible due to substitution ~these species could be considered as dispersed polarons, as
with electron-donating and -withdrawing substituents. Several
charge-transfer models exist in the literature, though all require
a geometry change in the excited state. One well-known model Kaminska, EActa Phys. Pol1978 AS54 767.

(45) Grabowski, Z. R.; Rotkiewicz, K.; Siemiarczuk, A.; Cowley, D. J.;

Baumann, WNouw. J. Chim.1979 3, 443.

(46) Grabowski, Z. R.; Rotkiewicz, K.; Siemiarczuk, A.Lumin.1979
18/19 420.

(47) Rettig, W. InCharge Transfer in Self-DecouplingSystemsRettig,
W., Ed.; VCH-Publishers: New York, 1988; p 229.

(48) Lipinski, J.; Chojnacki, H.; Grabowski, Z. R.; Rotkiewicz, Bhem.

(43) Rettig, W.Angew. Chem1986 98, 969.
(44) Grabowski, Z. R.; Rotkiewicz, K.; Rubaszewska, W.; Kirkor-

(41) The photochemistry occurring in these compounds can be described
in general with the following scheme including two species, the CT and
the LE with their corresponding geometry in the ground and excited states
(marked by the asterisk):

absorption fluorescencek,)
_—

k3
LE* —CT*

fluorescenceky) absorption cT Phys. Lett.198Q 70, 449.
(49) Schneider, F.; Lippert, Ber. Bunsen-Ges. Phys. Chet®68 74,
The formation of CT* by LE* is assigned by the rate const&ntThe 624.
validity of this mechanism has been approved by global analysis in the  (50) Schneider, F.; Lippert, Ber. Bunsen-Ges. Phys. Chet968 72,
time-correlated single-photon counting. 1155.

(42) The asterisk is used when we report about the excited state. Itis  (51) Soos, Z. G.; Ramasesha, S.; Galvao, D. S.; Etemdehy. Re.
avoided in cases when the absorption of the ground state is considered. B 1993 47, 1742.
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Figure 2. Plot for the fits obtained by global analysis for the emission
of 6d in toluene representing the decay in the blue part (upper) and
red part (bottom). Eleven decays measured at 410, 420, 430, 450, 470
490, 510, 530, 550, 570, and 590 nm were linked to one data set for
global analysis; thg? obtained for the global fit for all 11 linked decays
was 1.109.

1500 2000

previously discussed for the tunneling effects in biological
electron-transfer reactiof$.

A recent theoretical study showed that the lowest excited state
of complexes between two stilbene molecules had mostly
intrachain character in its relaxed geomeéfrit was concluded
that the intrachain polarerexcitons are intrinsically the most
amount of energy is necessary for dissociation of a polaron
exciton into a polaron pair, which is an extrinsic phenometion.

Emission Dynamics.The complexity of the solvent-depend-
ent fluorescence spectra 6b and 6d was analyzed in detail
by global analys# using a standard single-photon counting
technique?’ This treatment has recently become more popular
for the analysis of complex photochemical reaction sys#nis.

A typical example is drawn in Figure 2 for the decay curves
obtained, indicating that they can be globally described with
two decay times over the entire spectrum. The upper decay
represents the fluorescence behavior in the blue part of the
spectrum, while the decay at the bottom is representative for
the emission in the red part. The exponential decay behavior
agrees well with the experimental data published during
investigations of another polyphenylenevinylene oligomer in
dimethyl sulfoxide®® A multiexponential decay behavior is more
typical for solid-state photoluminescen@él525Moreover, the
fast decay obtained in the blue region is equal to the rise time

in the red region. This agrees with the mechanism discussed in

(52) Kersting, R.; Mollay, B.; Rusch, M.; Wenisch, J.; Leising, G.;
Kaufmann, H. FJ. Chem. Phys1997, 106, 2850.

(53) Dyakonov, V.; Frankevich, EChem. Phys1998 227, 203.

(54) Warshel, A.; Chu, Z. T.; Parson, W. V8Bciencel989 246, 112.

(55) Cornil, J.; dos Santos, D. A.; Crispin, S.; Silbey, R.!d&®, J. L.
J. Am. Chem. S0d.998 120, 1289.

(56) Katz, H. E.; Bent, S. F.; Wilson, W. L.; Schilling, M. L.; Ungashe,
S. B.J. Am. Chem. S0d.994 116, 6631.

(57) Vanden Bout, D.; Yip, W.-T.; Hu, D.; Fu, D.-K.; Swager, T. M,;
Barbara, P. FSciencel997, 277, 1074.
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the previous sectiofi, which requires a rise time for the CT*
because it is formed from the LE* in the excited state.

Given thatk; + ks > kp, the time-dependent populations of
the LE* and CT* excited states are described by egs 2 and 3,
respectively. Variable®; and 0, are the eigenvalues of the

[LET} = a e(A)[LE]; exp(=0.t) )

LE] 3k
[CTlo= bCT(’l)(_ [91 _]092 exp(=0,t) +
([CT]ZS + [QLE_]"';) exp(—elt)) 3)
1 2

differential equation system and, for the proposed mechanism,
equal to the reciprocal decay times measured. This statement
is true when the rate constant of the back reaction from the
CT* to the LE* state is negligible. The terms [LEJnd
[CT]; are equal to the zero time concentrations of the respec-
tive excited states. Rate constégdescribes the formation of
the CT* in the excited state from the LE*. Variablesg(1)
andbcr(4) are, by definition, unknown functions for the spectra
of each emitting state LE* and CT*. Despite the fact that
and@, are directly related to the experimental decay times, eqs
2 and 3 have to be transformed into expressions containing the
decay associated spectra (DASF 0 in order to calculate
ae(A) and ber(l) from the DAS data. The DAS are the
measured preexponential coefficients except for a normalization
factor and represent the contribution of each decay time at the
corresponding wavelengff.

A plot of the ratio DAS/DAS; (Figure 3) gives information
about the validity of a proposed mechani&tithe DAS concept
was previously applied to check the validity of proposed
photochemical reaction schent&$859The course for the ratio
DAS:1/DAS; in Figure 3 indicates the validity of the proposed
mechanism. The plot tends to go to infinity in the blue region
pf the spectrum. This behavior is caused by the fact that the
contribution of the CT* to the emission is negligible in the blue
region. Therefore, the wavelength-dependent fadigfr(1)
becomes zero, as does DAB58:59This behavior of the DAZ
DAS; ratio in the short-wavelength region is met only if no
back-reaction occurs from CT* to LE* or, alternatively, if a
back-reaction with a negligibly small rate occurs. Were there a

(58) Lofroth, J.-E.Anal. Instrum.1985 14, 403.

(59) Ldfroth, J.-E.J. Phys. Chem1986 90, 1160.

(60) The decay-associated spectra contain the preexponential factors
of the exponential functions that were used for the global fit analysis. They

are wavelength dependent and are calculated using the following expres-
sion:

(4)

DAS(1.,0,) =

ISSQ)
" ay(4)

0.

1= ]

wheren is equal to the number of exponential functions used for the global
fit and ISS¢) corresponds to the intensity of the steady-state emission, and
04(4) are the preexponential factors obtained by the global fit.

(61) The analytical expression for the DAS can be obtained by adding
up each coefficient of the exponential terms in the solution of the set of
differential equation describing the photophysical model vertically,
yielding

ber(D)ILE]oks

DAS = & cDILE]; ~ ~ g —¢-

DAS, = b(4) |[CT]; +

[LE]gks
6,— 0,
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Figure 3. Plot of the ratio DAYDAS; as a function of the wavelength ' ' '
for 6d in toluene. 5x10° | -

considerable contribution of a back-reaction in the excited state,
the ratio DAS/DAS, would approach a constant value in the
blue region of the spectrum. From other compo§adsd
simulations of photophysical reactions, we know that, in this
case, the ratio DAZDAS, exhibits a constant value in a very
extended range on the blue side of the spectrum. The course of
the ratio DAS/DAS; seen in Figure 3 does not show a constant
value in the blue part of the spectrum. For this reason, we believe
that the assumption of the tendency of the DAS ratio to approach
infinity and the assumption of a negligible back reaction are
justified. A view of the curve in the red region indicates a
limiting value of —0.34. This number being larger tharl and
smaller than 0 shows that a reaction from LE* to CT* has to
proceed; second, both states, the LE* and especially the CT*, Figure_ 4. SAS spectra for the LE and CT state and the steady spectrum
need to have a considerable absorption from the ground statef 6d in toluene.

If only the LE* were excited, the ratio of DAFDAS; would )
have to approach the value efL. using less polar solvents than toluene (e.g., cyclohexane,

Furthermore, the DAS values obtained can be used to ET"(Cyclohexane)= 0.006% E;"(toluene)= 0.099°) and for
construct the spectra of the emitting species LE* and CT*. These &ll 0ther compounds containing no alkoxy substitutida, @c,
are called species-associated spectra (SAS) and can be obtainesf» 6& and 6c). In other words, the alkoxy substitution of
by integration of egs 2 and 3 over time, yielding egs 4 and 5 as fluorinated oligophenylenevinylenes is connected with the

analytical expressions for SASA) and SASt(4), respec- formation of the CT*-state, and this has a remarkably high
tively.63 contribution to the overall fluorescence. Other CT systems, such

as the intramolecular charge transfer in dimethylaminobenzo-

DAS 1 DAS, nitriles, indicated a considerably lower amount of CT* emission
SAS(A) = - 4) in the fluorescence spectfa®®-43-48 in nonpolar solvents.
01 14 [CTI(0, — 6,) 01

intensity (a. u.)

0 | | I |

450 500 550
wavelength (nm)

The results obtained by global analysis in toluene can be
[LE] ks confirmed by measurements in solvents having a different
polarity. These are compiled in Table 2 for various solvents of
SAS(A) = different solvent polarity.
ctrollo. o The slowest formation of the CT was observedhihexane,
1 1 +[ 1001 | 61 2 DAS, (5) which has the lowest polarity. This result shows correlation
1+ [CTIo(6, — 62) [LE]oks 12 (63) For the calculation of the SAS from the DAS obtained from the
[LE]*k experiment the limiting value of the ration DABAS; in the long
073 wavelength region is used. It is given by

SAS are drawn for the LE* and CT* in Figure 4. The data jim DA% 1
confirm the results obtained from the steady-state spectra. The i~ DAS, [CTI5(60, — 6,
fluorescence of these compounds is a sum of two emissions 1+W
that can be attributed to one polar and one nonpolar species, o
and the shoulder in the steady-state spectrum is also explainedFurthermore, the ratio [CHILE]cks can be calculated from this limit.

. * Both parameters can be substituted into egs 4 and 5 to obtain the SAS data
Moreover, the shape of the spectrum obtained for LE* shows ¢ % emitting species CT* and LE*.

the fine structure of the emission that is representative for many  (64) Birks, J. B.Organic Molecular Photophysicgohn Wiley & Sons:

aromatic compound¥. This spectral shape was also obtained New York, 1975.

(65) Reichardt, CSobents and Seknt Effects in Organic Chemistry
(62) Seifert, H.; Rettig, WGlobal Analysis of Fluorescence Decay Traces VCH: New York, 1988.

for Excited-State Reaction€onf. Proc., 4th Conference on Methods and (66) Lide, D. R.; Frederikse, H. R. RRC Handbook of Chemistry and

Applications of Fluorescence Spectroscopy, Robinson College, Cambridge, Physics, A Ready Reference of Chemical and Physical; [ZRL Press:

UK, September 2427, 1995. Boca Raton, FL, 1997; Vol. 78.
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Table 2. Summary of the Fluorescence Data and Comparison with
Solvent Data Such as Polarity and Viscosity éa Obtained for
Global Analysis inn-Hexane, Toluene, and Acetonitrile

lim DAS,/DAS; Ui
solvent 71 (ps) 72 (ps) (red) € (mPas)
n-hexane 381 1281 —0.20 1.88 0.28
toluene 101 1590 -0.34 238 052
acetonitrile 27 2974 —0.90 35.94 0.32

aReference 65. Reference 66.

between the kinetics of CT* formation and the solvent used.
On the other hand, viscosity does not significantly influence
the kinetics. All three solvents selected have approximately the
same viscosity. Therefore, translational processes (for example,
formation of dimers or intermolecular charge transfer) should
be insignificant for the reaction pathways of the excited state
in dilute solution because these processes rely more on the
viscosity of the surrounding solvent.
The data for the ratio DAZDAS, obtained by extrapolation
in the red region of the emission spectrum signifies a consider-
ably large contribution of CT. The transition from the ground
state to a state with charge-transfer character should be
forbidden. The energy difference between both states seems to
be so small iréd that the charge-transfer state can gain oscillator
strength from the LE state. This model would account for the
considerable contribution of the CT state to the absorption
spectrum observed by the global analysis and for the blue shift
of the absorption spectrum with increasing solvent polarity. Figure 5. Optical micrographs foBb in the molten state obtained
Table 2 shows that the contribution of the CT absorption under crossed polarizers during heating at88(top) and cooling at
decreases with increasing solvent polarity, because the long60 °C (bottom) in the first cycle.
wavelength limit of the ratio DAGDAS, decreases from-0.2
in n-hexane to—0.9 in acetonitrile. A value of this limit close ~ polarized micrographs obtained are shown 3brin Figure 5
to —1 indicates that only one species, the LE state for our model, and for6d in Figure 6. The textures obtained are different for
absorbs. This diminished contribution of the CT absorption on both compounds. All other compounds investigated in this work
the red side of the total absorption spectrum is one reason forshow no birefringence in the molten state.
the blue shift of that spectrum. In the more polar solvents, the ~Compound3b shows birefringence during the heating cycle
CT* state is stabilized, and the energetic difference between and rodlike particles during the cooling cycle, which are different
the two states increases. This leads to a loss in oscillator strengttfrom its crystalline feather structures. The texture in Figure 5a
of the LE* which is gained by the CT* and results in the is comparable with that of copper phthalocyanines having
bathochromic shift seen for the emission. Furthermore, the LE benzyloxyethoxy side chairf8,which are reported to form a
ground state can be stabilized more as the solvent polarity discotic phase.
increase$? This could also account for the hypsochromic shift Compoundsd shows birefringent behavior during the heating
observed. cycle with the texture shown in Figure 6a. During cooling, this
The lifetime of the CT* indicates the expected dependence compound shows components of a texture in Figure 6b and ¢
on solvent polarity. This phenomenon is due to the different that are comparable with structures found in smé¢tnd in
solvation effects and can be used to probe several materialsdiscotic?~74 mesophases. A similar texture was also found in
The kinetic data do not agree with the dipole relaxation of the branched liquid crystalline polyethers containing cyclotetra-
matrix. These numbers are some orders of magnitude faster tharveratrylene-based disklike mesogéhsThe growth of the
the data reported about the kinetics for CT* formation in this domains can be seen during additional cooling, switching from
work (averager values measured for the solvation dynamics: Figure 6b to Figure 6c if one examines the size of the domains.
acetonitrilex 0.22 p§” and toluenex 1.3 p$9). For this reason,  Figure 6¢, shows two coexistent phases containing still the
it can be assumed that the solvent molecules are in ancomponents shown in Figure 6b.
equilibrium distribution around the solute during the whole  Stacking® has also recently been reported 66 but this
reaction. Therefore, the reaction is not driven by the reorientation compound shows no birefringence in the molten state. Stacking
of the solvent molecules around the excited-state dipoles. The e A G LK Cen Sy Soeak
charge_-transfer state has its own deactlvatlon characte_rlstlcsp_fi?g&fﬁg}N_-R:; O?leeln,'D."FA dﬁuﬁ/la'ter:'lgggné, 926, molenyax,
when it is formed. It has to be a molecule with a polarized (70) Demus, D.; Richter, LTextures of liquid crystaj€eutscher Verlag

charge distribution due to the strong Stokes shift observed in fiir Grundstoffindustrie: Leipzig, 1980.
the steady-state spectra. (71) Percec, V.; Cho, C. G.; Pugh, C.; Tomazos,Macromolecules

- . . 1992 25, 1164.
Influence of Substitution on Solid-State Behavior.Polar- (72) Corsellis, E. A.; Coles, H. J.: Mckeown, N. B.: Weber, P.; Guillon,

ization microscopy indicates birefringence in the molten state p.: skoulios, A.Lig. Cryst.1997, 23, 475.

during heating and cooling cycles f8b and6d. The crossed (73) Destrade, C.; Foucher, P.; Gasparoux, H.; Tinh, N.; Levelut, A. M.;
Malthete, JMol. Cryst. Lig. Cryst.1984 106, 121.
(67) Maroncelli, M.J. Chem. Physl997 106, 1545. (74) Destrade, C.; Huu Tinh, N.; Gasparoux, H.; Malthete, J.; Levelut,

(68) Reynolds, L.; Gardecki, J. A.; Frankland, S. J. V.; Horng, M. L.; A. M. Mol. Cryst. Lig. Cryst1981, 71, 111.
Maroncelli, M. J. Phys. Chem1996 100, 10337. (75) Alkorta, |.; Rozas, |.; Elguero, J. Org. Chem1997, 62, 4687.
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Table 3. Results of DSC Measurements —d and6a—d Indicating the Peak MaximunTmax Enthalpy,AH, and EntropyAS for the
Phase Transition

heating cooling
Timax (°C) AH (kJ mof) AS(J molFt K™Y Tmax (°C) —AH (kJ mol?) —AS(I moltK?)

run 1l run 2 run 1 run 2 run 1 run 2 run 1 run 2 run 1 run 2 run 1 run 2
3a 197.6 196.5 3.9 4.5 8 10

214.6 214.4 42.2 42.6 87 87 204.9 205.3 42 42 88 87
3b 80.5 49.3 139 63.7 61.4 1.9 1.9 6 6

87.2 85.8 8.9 221 25 61 58.0 55.5 21.7 22.7 66 69

3c 168.9 211.9 4.1 9

211.8 43.3 42.8 89 88 201.2 200.7 41.4 41.8 87 88
3d 108.3 107.2 51.1 48.3 134 127 68.0 67.7 50.5 50.7 148 149
6b 143.6 5.0 12

220.9 220.7 42.7 42.1 86 85 178.3 182.3 37.0 37.7 82 83
6¢c 156.0 2.1 5

188.9 188.9 39.2 42.1 85 91 157.4 155.2 42 41 97 96
6d 60.3 80.5 40.2 1.3 121 4 108.6 107.6 21.6 21.9 57 58

104 105 8.6 8.5 23 23 93.7 93.6 10.8 11.2 30 30

126.4 126.2 19.5 19.0 49 48 77.4 77.4 0.9 1.4 3 4

at the middle phenylene ring. Possibly the alkyl chain8of
have a smaller effect on mesophase formation in comparison
to the alkoxy chain of3b. Alkyl substituents do not have
sufficient flexibility for mesomorphic behavior. On the other
hand, alkoxy groups with a long chain allow formation of
mesophases.

The results from the polarization microscopy experiments
were supported by DSC measurements (see Table 3). Com-
pounds3b and 6d show several phase transitions in both the
first heating and cooling scans, as well as the second scan. It
should be noted that the entropy change3biis considerably
higher for the transition from the liquid crystalline into the
crystalline state when compared to the transition from the
isotropic state into the liquid crystalline one. In contrast to this,
the entropy change in the casetafis lower from the crystalline
to the liquid crystalline state in comparison to the transition
from the liquid crystalline to the isotropic state. A comparison
of the enthalpies and entropies 8 and6d shows that they
lie in the same range as reported for the phase transitions from
crystalline to discoti€-7678 or smectic/® and from the discotic
state to the isotropic stafé’¢78 The other compounds do not
show multiple transitions during heating and cooling. Some of
these compounds show more than one peak only during heating.
Since perfluoro compounds are able to forrstacked ag-
gregated818.75these aggregates may be influenced by temper-
ature, causing these extraneous peaks. Therefore, further
enthalpy changes measured by DSC may be a result of changes
in the aggregates formed.

The formation of ordered structures can be considered as one
reason for observation of the extremely red shifted fluorescence
cast film of the oligomer itself. Figure 7 shows the emission
spectra of3b and6d in a cast film. The strong bathochromic
shift of 3b (>120 nm) in the film can be explained by the
presence of aggregates that can have an ordered structure. A
similar behavior was found in the case 64, although the

: ; spectrum of this compound shows some blue-shifted structures.
Figure 6. Optical micrographs fobd in the molten state obtained ~ The differences in these spectra can be explained by the
under crossed polarizers during heating at 1¢4top) and coolingat ~ formation of different ordered structures in the solid state.
105 (middle) and 94C (bottom) in the first cycle. Therefore, we can conclude that the molecular architecture of

the oligomer itself should have a tremendous influence on the
of these molecules in combination with longer alkoxy chains emission behavior in cast film.
substituted at the middle phenylene ringb) or the outer (76) Milgrom, L. R.; Yahioglu, G.; Bruce, D. W.; Morrone, S.; Henari,
phenylene rings@d) of the oligophenylenevinylenes can be F.Z,; Blau, W. JAdv. Mater. 1997, 9, 313.
discussed as one reason for the formation of the mesomorphiclggngégbK- S.; Ramakrishnan, S.; Raghunathan, VChem. Mater.
behavior, observed. Compourgtl shows no mesomorphic (78) Collard, D. M.; Lillya, C. P.J. Am. Chem. Sod991, 113 8577.
behavior, although this compound possesses a long alkyl chain  (79) Strehmel, V.J. Polym. Sci., Polym. Cherti997, 35, 2653.
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Figure 7. Fluorescence spectra of the compouBisand6d in cast films.

Conclusions importance, as it was recently shown for the cross-linking of
acrylic ester®¥ or epoxideg® Our compounds open new

. N - directions for this technology. The discotic alignment for some
stituents show new directions for the development of devices ¢ ihase compounds should yield sufficient efficiencies for the
and fluorescent probes. The dominating emission of the charge-q qered cross-linked photoproducts without the addition of any

transfer state is strongly solvent dependent and can be used Qniiator because the fluorinated oligophenylenevinylene is
probe molecular environments for several organic materials and o5 ctive enough to form such materials.

synthetic polymers in order to get information about polarity.

Furthermore, the ordered structure formed for long alkoxy chain

derivatives might be responsible for the strong red-shifted Experimental Section

photoluminescence of the neat material in films, which is of

great interest for light-emitting diodes. Modifying the terminus Synthesis of the Materials. General Information.All manipula-

of the alkoxy chain with hydrophilic groups could yield tions were performed under an inert argon atmosphere using standard

interesting compounds, which could be used to manufacture techniques. Reagents and solvents were purchased from Aldrich and

Langmuir-Blodgett films and make multilayered devices. used without further purification.

Previously it was shown that discotic structures can be ob- NMR spectra were taken with a Varian Gemini 200 NMR spec-

tained with the LangmuitrBlodgett-Kuhn techniqué® Fur- tromfter. ?C/MS IWderte takﬁg ggg (?A 'éecw'eitﬁpagg:g 255988 mass
H HEE H ; H spectrometer coupiead to an with a Zo-mm-

thermore, fun_cnonahzmg the terminus of th(_e alkoxy_chaln W|t_h i.g. % 0.25-mm ﬁlﬁ] thickness DB-5 MS columr) & B Scientific),

surface-reactive groups such as thiol, trichlorosilyl, or tri-

K ivl i h . K If bled interfaced to an HP 2623A data processor.-ti\sible spectra were
a 0X3|/S'y églves the opportunity to make seli-assembled y5ineq using an HP 8452 diode array spectrophotometer. Molar
monolayers:

absorption coefficients were taken from the maximum in toluene.

Photoreactions, such as the {2 2] cycloaddition of the Infrared spectrometry was performed using a Mattson Instruments 6020
double bond, should yield an ordered phase that is insoluble Galaxy series FT-IR spectrometer. High-resolution mass spectra were
and cross-linked. Cross-linking of liquid crystalline monomers obtained from the Mass Spectrometry Laboratory in the University of
in order to obtain ordered polymer networks has gained lllinois at Urpana—Cha}mpaign. Thin-laygr chromatography was per-
formed on Sigma-Aldrich plates (layer thickness, 250, particle size,

(80) Jutile, A.; Janietz, D.; Reiche, J.; LemmetyinnenThin Solid Films 5-17 um; pore size, 60 A) purchased from Aldrich. Silica gel
1995 268 121.

(gl) Saagiv, JJ. Am. Chem. Sod.98Q 102, 92. (82) Hikmet R. A. M.; Kemperman, HNature 1998 392 (6675), 476.

Fluorinated oligog-phenylenevinylene)s with alkoxy sub-
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chromatography was performed using silica gel (0, 32-63 um) (neat) 2922, 1480, 1092, 967; TLC (hexanes/ethyl acetate Rp:)
purchased from Scientific Adsorbents Inc. Melting points were 0.55; MS (El) 354, 314, 177; mi 208-210°C dec (lit'* mp= 216
determined using a capillary melting point apparatus (Uni-melt, Arthur °C); Ig e = 4.61 M1 cm™™.

H. Thomas Co., Philadelphia, PA). trans,trans,4-Bis[2-(2,5 -dimethoxy)phenylethenyl]-2,3,5,6-tet-
General Procedure for Synthesis ofrans,trans4,4-Bis[2-(2,5'- rafluorobenzene (6b).This compound was filtered from the organic
difluoro)phenylethenyllbenzene Compounds (3ad). To a cooled layer and recrystallized from benzene to provide orange-yellow crystals

solution (0°C) of NaH (6 equiv, prewashed with hexanes) in THF (1 in 97% yield: *H NMR (CDCl) ¢ 7.82 (d,J = 16.8 Hz, 1H), 7.14 (s,
M) was added dropwise via cannula a solution of the corresponding 1H), 7.09 (dJ = 17.2 Hz, 1H), 6.87 (s, 1H), 6.86 (s, 1H), 3.86 (s, 3H)
dialdehyde (1 equiv) and phosphonate (2.1 equiv) in THF (0.33 M with 3.83 (s, 3H); IR (neat) 2948, 1490, 1218, 975; MS (El) 474, 431, 237;
respect to phosphonate). The solution was monitored by TLC until HRMS (M") calculated for GsH»204Fs, 474.1454, found 474.1453;
completion. The solution was carefully quenched with water and mp = 219-220°C; Ige = 4.63 Mt cm™.
extracted with ether. In some cases, the product crystallized from the  trans, trans4,4-Bis[2-(2,5-dimethyl)phenylethenyl]-2,3,5,6-tet-
ether solution, and the crystals were filtered and collected. The ether rafluorobenzene (6c).This compound was filtered from the organic
layer was dried over MgSQand concentrated. Purification was |ayer and recrystallized from chloroform to provide bright yellow
achieved via silica gel chromatography or recrystallization, depending crystals in 61% yield:'H NMR (CDCls) 6 7.74 (d,J = 16.4 Hz, 1H),
on the solubility of the specific compound. 7.45 (s, 1H), 7.08 (AB quarteta = 7.11,vs = 7.05,Jas = 11.7 Hz,
trans,trans4,4-Bis[2-(2,5 -difluoro)phenylethenyllbenzene (3a). 2H), 6.97 (d,J = 16.8 Hz, 1H), 2.39 (s, 3H), 2.38 (s, 3H); IR (neat)
This compound was isolated in 67% yield as bright yellow crystals 2919, 1097, 971; MS (El) 410, 205, 115; HRMS {(Mcalculated for
from the ether extraction layer*H NMR (DMSO) 6 7.67 (s, 2H), CoeH2oFs, 410.1658, found 410.1666; mp 184-186°C; Ig e = 4.64
7.64-7.76 (m, 1H), 7.45 (d) = 16.4 Hz, 1H), 7.28 (dJ = 16.6 Hz, M~lcm
1H), 7.16-7.36 (m, 2H); IR (neat) 1489, 956, 795; MS (EIl) 354, 214, trans,trans,4-Bis[2-(2,5-dihexyloxy)phenylethenyl]-2,3,5,6-tet-
177; HRMS (M") calculated for G:H14F,: 354.1032, found 354.1028;  rafluorobenzene (6d).This compound was filtered after putting the

mp = 212-215°C; Ig e = 4.66 Mt cm™%, reaction mixture into icewater and recrystallized from chloroform to
trans,trans4,4-Bis[2-(2,5 -difluoro)phenylethenyl]-2,5-diheptyl- provide yellow crystals in 84% yield*H NMR (CDCl) 6 7.82 (d,J

oxybenzene (3b).Silica gel chromatography (20:1 hexanes/ethyl = 17 Hz, 2H), 7.136 (s, 2H), 6.84 (s, 4H), 3.96 (m, 8H), 1.79 (m, 8H),

acetate) provided bright yellow crystals in 96% yielth NMR (CDCls) 1.51-1.25 (m, 24H); MS (EI) 755, 418, 209; HRMS (M calculated

0 7.50 (d,J = 16.8 Hz, 1H), 7.287.36 (m, 1H), 7.28 (dJ = 17.2 for CaeHe204Fs, 754.4584, found 754.4568; mp 103—-105°C; Ig €

Hz, 1H), 7.12 (s, 1H), 6.827.05 (m, 2H), 4.07 (tJ = 9.3 Hz, 2H), =459 Mlcm.

0.86-1.92 (m, 13H); IR (neat) 2926, 1489, 970; MS (EI) 582, 386; Physical Methods and Calculations for the Examination of the
TLC (hexanes/ethyl acetate 20:R)= 0.25; MS (EI) 582, 386, 141,  Materials. (i) Fluorescence Measurements. (a) Stationary Fluores-
HRMS (M*) calculated for GeH420Fs, 582.3121, found 582.3108;  cence.Fluorescence spectra were recorded with a Spex Fluorolog 2
mp = 85—-88°C; lg e = 453 Mt cm ™. equipped with both excitation and emission double-beam monochro-
trans,trans4,4-Bis[2-(2,5 -difluoro)phenylethenyl]-2,5-dimethyl- mators. All spectra were corrected (band-pass, 2.8 nm). Solution spectra
benzene (3c)Filtration of the reaction mixture provided bright yellow  were measured in perpendicular geometry using 1-cm quartz cuvettes.
crystals in 75% vyield. These crystals could be further purified by Frontface detection was applied to collect all spectra in thin films. All
chromatography (hexanes/ethyl acetate 20#H)NMR (CDCL) ¢ 7.46 fluorescence quantum yields are relative to 9,10-diphenylanthracene
(s, 1H), 7.36 (dJ = 16.6 Hz, 1H), 7.247.35 (m, 1H), 7.13 (dJ = in cyclohexane as external the stand&(d: = 0.9). All solutions were
16.6 Hz, 1H), 6.927.09 (m, 2H), 2.45 (s, 3H); IR (neat) 2924, 959, air saturated. Fluorescence spectra of cast films were recorded by using
798; TLC (hexanes/ethyl acetate 10K)= 0.48; MS (EIl) 382, 127; front face geometry.

HRMS (M*) calculated for GsH1gFs, 382.1345, found 382.1339; mp (b) Time-Correlated Single-Photon Counting.Fluorescence life-
= 205-208°C; Ig e = 4.62 M~ cmL, times were measured by using standard single-photon techrfigies.
trans,trans4,4-Bis[2-(2,5 -difluoro)phenylethenyl]-2,5-dioctylben- BeamLokTM 2080 argon ion laser was combined with a Safire

zene (3d) After concentration of the organic layer, this compound was Tsunami laser (both from Spectra Physics) to produce pulses with a
passed through a short column of silica gel (hexanes/ethyl acetate 20:half-width of about 50 fs and a frequency of 81.47 MHz at 387 nm. A
1) and then recrystallized from ethanol to give bright yellow crystals monochromator MS 257 from L.O.T. Oriel (Darmstadt, Germany) was

in 63% yield: 'H NMR (CDCl) 6 7.45 (s, 1H), 7.41 (d) = 15.4 Hz, used to select the desired detection wavelength; the band-pass was
1H), 7.24-7.33 (m, 1H), 7.13 (dJ) = 15.4 Hz, 1H), 6.927.09 (m, between 2 and 16 nm, depending on the position of the registration.
2H), 2.76 (t,J = 8.0 Hz, 2H), 1.26-1.63 (m, 12H), 0.840.87 (m, All decay curves were measured with a magic angle polarizer in order
3H); IR (neat) 2919, 1495, 1090, 956; TLC (hexanes/ethyl acetate 20: to eliminate polarization effects.
1) Ri = 0.44; MS (EI) 578, 367, 127, HRMS (N calculated for The single-photon counting electronics contained the following
CagHaeFs, 578.3536, found 578.3530; mp 105-107°C; Ig € = 4.59 parts: a fast signal amplifier, constant fraction discriminator TC454
Mt em, Amax = 356 nm. (Quad) from Tenelec, time amplitude converter TC864 from Tenelec
General Procedure for Synthesis ofrans,trans1,4-Bis(2-phen- (TAC/Biased Amplifier), a multichannel analyzer PC card from FAST

ylethenyl)-2,3,5,6-tetrafluorobenzene Compounds (6ad). To a ComTec (MCDLAP), and a trigger diode AR-S1S from Antel. A
cooled solution ((°C) of NaH (6 equiv, prewashed with hexanes) in  microchannel plate R1564-U01 from Hamamutsu was taken for the
THF (1 M) was added dropwise via cannula a solution of the detection.

diphosphonate (1 equiv) in THF (0.15 M). The mixture was allowed (il) Thermoanalytical Characterization of the Materials. All DSC

to stir for 30 min, and then a solution of the aldehyde (2.05 equiv) in  measurements were carried out with a Perkin-EImer DSC-7. A heating
THF (0.5 M) was added via cannula. The reaction was monitored by and cooling rate of 10 K/min was chosen for all measurements. For
TLC until completion. The solution was carefully quenched with water polarization microscopic investigations, a polarization microscope
and extracted with ether. In some cases, the product crystallized from Jenapol U was used for all measurements. It was equipped with a long
the ether solution, and the crystals were filtered and collected. The distance objective 25/50. The samples were heated in a Linkam heating
organic layer was dried over Mgg@nd concentrated. Purification was ~ chamber. The heating and cooling rate was 10 K/min. All samples were
achieved via silica gel chromatography or recrystallization, depending heated until the isotropic state was reached.

on the solubility of the specific compound. Preparation of the Films. A 0.5-mL portion of a 10 wt % solution
trans,transd,4-Bis(2-phenylethenyl)-2,3,5,6-tetrafluorobenzé6e). of the oligophenylenevinylene compound in toluene was coated on a

This compound was filtered from the organic layer and chromato- glass slide (same size as above). The cast film dried in the solvent

graphed over silica gel (hexanes/benzene 30:1) to provide pale yellow atmosphere for 24 h to obtain the desired material.

crystals in 60% yield:'H NMR (C¢Dg) 6 7.49 (d,J = 16.8 Hz, 1H),

7.21-7.26 (m, 2H), 7.057.11 (m, 3H), 7.02 (dJ = 16.8 Hz, 1H); IR (83) Sanyo, H.; Hirayama, F. Phys. Chem1983 87, 83.
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