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We present photoluminescence studies as a function of temperature from a series of conjugated polymers
and a conjugated molecule all with distinctly different backbone conformations. The organic materials inves-
tigated here are planar methylated ladder-type palsa-phenylene, semi-planar polyfluorene, and nonplanar
para-hexaphenyl. In the long-chain-polymers the photoluminescence transition energies blueshift with increas-
ing temperatures. In contrast, in the conjugated molecules transition energies redshift with increasing tempera-
tures. Empirical models that explain the temperature dependence of the band gap energies in inorganic semi-
conductors are extended to explain the temperature dependence of the transition energies in conjugated

molecules.
DOI: 10.1103/PhysRevB.67.125204 PACS nuntger78.55.Kz, 68.60.Dv, 42.70.Jk
I. INTRODUCTION a very high torsional degree of freedom, and PF has a back-

bone conformation intermediate to the ladder-type polymer

Conjugated organic semiconductors such as short-chaiand the oligomer. The structural differences in these materi-
oligomers and long-chain polymers are very promising acals allow us to probe the following two questions regarding
tive materials for low-cost, large-area optoelectronic andhe temperature dependence of their electronic states:
photonic deviced.Semiconducting properties are defined bywhether there is any difference between the long-chain and
the ability of these materials to efficiently transport chargethe short-chain conjugated molecules and if the tors{ons
(holes or electrons along the chain due to their ing to the different backbone conformatigrday a role in
m-conjugation or between adjacent chains due to thehis process.
m-orbital overlap of neighboring molecules. Commercial The temperature dependence of electronic statésoin
availability of organic light-emitting diode€OLED) has at-  ganic semiconductors and heterostructures has been studied
tracted growing attention ta-conjugated molecules such as extensively in the last few decades. In these systems the band
oligothiophene, oligomers of polpara-phenylene(PPB,  gaps exhibit large shifts and changes in their lifetime induced
and polymers® such as poly para-phenylene vinylene broadenings as a function of temperattfr©ne of the first
(PPV), polythiophene, PPP, and polyfluore(h).* empirical models to explain the temperature dependence of

In recent years PFs have emerged as attractive altern#ie band gap energy in bulk semiconductors was put forward
tives, showing the highest photoluminescence quantum effiby Varshni*®* Subsequently, there have been other empirical
ciency (55% compared to other conjugated polymers/models that apply an average Bose-Einstein statistical factor
molecules in solid stateand also maintain a high hole for phonons to explain the temperature dependence of the
mobility at room temperatur®.Since high photolumines- electronic state¥"!° The latter approach is more suitable for
cence quantum yiel(PLQY) is the primary consideration in the temperature dependence of the transition energies in
devices such as OLED, mechanisms that change the PLQNarrow-well inorganic semiconductor heterostructures and
are crucial to the understanding and design of these devicesuperlattices®
Temperature-dependent photoluminesce(i®e) studied ! In inorganic semiconductors the two mechanisms that are
help determine the stability of conjugated polymers and mol+esponsible for the temperature dependence of energy bands
ecules in devices, and to understand how the optical proat constant pressure are thermal expansion and renormaliza-
cesses change. tion of band energies by electron-phonon interactions. Typi-

In this work we compare the steady-state temperaturecally the former mechanism has a negligible effect so that the
dependent PL from three families of organic semiconductorshanges in the band gap energies arise primarily from
that show a strong blue luminescence. Blue electrolumineslectron-phonon interactions. Theoretical calculations of the
cent materials are of particular interest for organic displaysemperature dependence of band energies in Si and Ge that
since blue light can easily be converted into red and green biake into account such electron-phonon interactions agree
color-changing mediéfluorescent dyes To probe the origin ~ very well with the experimental result§.In this work we
of the changes in the PL energies with temperature, we intest the extension of existing models for inorganic semicon-
vestigate three families of materials that include two long-ductors to organic materials and find a good agreement of the
chain polymers, methylated ladder-type PPP and polyfluomodel to the short-chain oligomers.
rene, and one short-chain polycrystalline oligomer. The This paper is organized as follows: Sec. Il describes the
ladder-type polymer has a very rigid backbone conformatiorstructural properties of the organic semiconductors and the
with almost no torsional degree of freedom, the oligomer hagxperimental setup. In Sec. lll, we present the PL results
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We also compare the spectra of two other derivatives of
polyfluorene: a dialkylated copolymer, pp®y9-big3,7,11-
trimethyldodecylfluorene-2,7-diy] (PF1112, and poly
(9,9-big4-(2-ethylhexoxyphenyl fluoreng (PF-B. The co-
polymer has longer alkyl side chains compared to PF2/6 with
2% of 2,7-fluorenone units incorporated in the backbone as a
model for a photodegeneration-induced defect-rich polyfluo-
rene. PF-P is a diphenyl-substituted PF exhibiting an extraor-
dinarily small defect concentration.

Upon further processing some polyfluorene films display
a B phase, which has a more extended intrachain
sr-conjugation, in addition to the regular glassyphase. The
B phase has been detected in 9, %ebctyl-PF(PF8 or PFQ
upon thermal cycling from 80 to 300 KRef. 25 and slowly
reheating it to room temperature or exposing a film to the
vapor of a solvent® The 8 phase shows a distinct redshift of

FIG. 1. Chemical structure of) MeLPPP,(b) PF2/6, andlc)  absorption and emission peaks with a well-resolved vibronic
PHP. In(a) RandR'’ refer to GoHz; and GHys, respectively, and  progression both in absorption and emission. In contrast, the
in (b) Rrefers to the ethyl hexyl side chain. « phase shows a well-resolved vibronic progression only in

the emission spectrum. Using x-ray and electron diffraction
from methyl substituted ladder type polyara-phenylene  measurements, Lieset al. have shown that th@ phase is

(MeLPPB, PF, andpara hexapheny(PHP) as a function of  completely absent in PF with branched side groups like
temperature. Section IV is a discussion of our results, folpgp/g27

lowed by our conclusions in Sec. V.

B. Methodology

Il. EXPERIMENTAL DETAILS .
PL spectra were measured from films of MeLPPP, PF, and

A. Structural properties PHP. The MeLPPP and PF2/6 films were prepared by spin

The three families of conjugated materials that we com0ating on a glass slide from a toluene solution, and their
pare in this work include non-planar PHP, planar MeLPppthickness was 0.Lm. We also prepared a thicker film
and semiplanar po(2,7{9,9 -bis(2-ethylhexy}]) fluorene (~3 um) by dropcasting PF2/6. In this paper (Rf and
(PF2/6. All three materials are of technological importance PAB) refer to the thick and thin PF2/6 films, respectively.
due to their strong blue luminescence and high chemical pulh€ films were dried at room temperature. Highly purified
rity, and have been used as active materials in OPgH°® ~ PHP was obtained from Tokyo Chemical Indgstnes, Ltd. The
Both MeLPPP and PF2/6 are long-chain processable conjuHP film was prepared by vacuum _evaporatlon‘(‘imbar)
gated polymerd? whereas PHP is a short-chain oligophenyl N regular glass substrates. The thlgkness-of the sample was
that forms monoclinic crystallites of space groBg,/a.?r ~ ~0.1um. The PL spectra were excited using the 363.8 nm

PHP is characterized by a torsional degree of freedonin€ of an Ar* laser. The luminescence excitation was ana-
between neighboring phenyl rings. In the crystalline state théyzed with a SPEX 0.85 m double monochromator equipped
molecules are arranged in layers, with a herringbone typ#ith a cooled GaAs photomultiplier tube and standard pho-
arrangement found in each layer as shown in Fig).PPHP ~ ton counting electronics. The samples were loaded in a cry-
can be planarized by the application of hydrostaticostat and evacuated to below 100 mTorr to prevent photo-

pressuré? On the average, at room temperature it is moreOXxidative damage. For low temperature measurements a

planar than at lower temperaturds. closed cycle refrigerator was employed.
MeLPPP is amorphous due to the bulky side groups.
Neighboring phenyl rings are planar due to the methyl Ill. PL RESULTS

bridges and show no torsional degree of freedeee Fig.
1(a)]. The planarity between phenyl rings results in a high A vibronic progression is seen in the PL emission for all
intrachain order and a low defect concentration. This is atthe materials under consideration, indicating a coupling of
tributed to the synthesis method, which is highly selective inthe backbone carbon-carbon stretch vibration to electronic
forming only certain bonds, and hence reduces the number d@fansitions. The vibronic spacing in all the samples lies be-
defects® tween 1300 and 1400 cm. The vibronic peaks result from
PF2/6, on the other hand, can be viewed as a semiplanarnonzero overlap of different vibronic wave functions of the
polymer, with a backbone conformation somewhere in beelectronic ground and excited states. The emissive transition
tween that of MeLPPP and PHP. It forms planar monomehighest in energy is called the 0-O transition, which takes
units but has a torsional degree of freedom between adjaceptace between the zeroth vibronic level in the excited state
monomer units, as shown in Fig(k. The alkyl side chains and the zeroth vibronic level in the ground state. The 0-1
of the fluorene moieties have been shown to strongly influtransition involves the creation of one phonon. In the adia-
ence the solid-state packing of the molecifle. batic picture, vibronic progression in the electronic spectra
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FIG. 2. PL spectra of a MeLPPP film at a few values of tem-

perature. The dotted line under the 270 K data shows the actual fgllowed to vary in position, amplitude, and width till the best

to the data. The vertical dashed line indicates a blueshift of the O'?It is obtained. Moreover. both the 0-0 and the 0-1 vibronic
vibronic peak with increasing temperature. peaks show the same trend.

implies that the ground and excited state equilibrium struc- B. PF film

tures are displaced relative to one another in configuration Figure 4 shows the PL spectra from two PF2/6 filfwith
space. Addltlor_1al \.”bromc replicas are also_observed n beElifferent thicknesgfor a few selected values of temperature.
tween the main vibronic peaks, representing some of th

. . oM NThe relative intensity of the 0-0 peak to the 0-1 peak in
weaker phonon modes coupling to the electronic transmonsPF(A) (thick film), is lower compared to RB) (thin film)
indicating a higher self-absorption in 5. At 24 K the
main vibronic peaks that are observed are the 0-O peak at
2.93 eV, the 0-1 at 2.77 eV, and the 0-2 transition at 2.59 eV
Figure 2 shows the PL spectra of an MeLPPP film at an PHB). An additional vibronic replica is observed at 2.86

few selected values of temperature. The PL spectrum wagV between the 0-1 and 0-2 peaks. The PL transition energies
fitted with Gaussians in order to obtain the individual peakshow a blueshift with increasing temperature, similar to the
positions, amplitudes, and broadenifiiyll width at half =~ MeLPPP sample. The peak positions and the FWHM of the
maximum (FWHM)] parameters. The three main vibronic 0-O and the 0-1 PL vibronics are shown in Fig. 5. The sub-
peaks observed are labeled as the 0-0, 0-1, and the 0-2. Thdfgear behavior of the 0-0 peak position in (@B with in-

are additional vibronic peaks observed between the main vicréasing temperature may be related to self-absorption ef-

bronic peaks that are also seen in other wdfKghe dotted ~ fecCts. . ,

line under the 270 K spectrum is a representative of our fits, 1he PL spectra of RR) show a slightly different behav-
At 30 K the main vibronic peaks that are observed are thdOf, @s seen in Fig.(@). The 0-0 peak redshifts whereas the
0-0 peak at 2.67 eV, the 0-1 at 2.5 eV, 0-2 vibronic peak at . ' . . . . . . .
2.33 eV, and the 0-3 peak at 2.19 eV. In addition, vibronic | pg © .00 prospaymer JPF(B) |
replicas are observed at 2.61 eV and 2.4 eV. The energ) smoK
difference between the main successive vibronic peaks i

0.17 eV, indicative of the coupling of carbon-carbon stretch
vibration to the conjugated backbone. At all temperatures the&
PL spectra were fitted with the same number of Gaussiarg [
peaks for consistency. The overall spectrum not only blue-f
shifts with increasing temperatures but the relative intensities*

A. MeLPPP film

PL Intensity

- 16

(b)

2.0 24 238 3.
PL Energy (eV)

—_—24 K
of the individual vibronic peaks change as well. - --80K
Figure 3a) shows the energy position of the 0-0 and the [ e |

0-1 vibronics as a function of temperature. The 0-2 peak in
MeLPPP shows a similar behavior. The average value of the i
rate of shift is 7.5¢107°+0.1 eV/K. Figure 3b) shows the 20 22 24 26 28 30 22 24 26 28 30
FWHM (eV) for the 0-0 and the 0-1 vibronic peaks as a PL Energy (V) PL Energy (V)
function of temperature. The linewidths decrease between G, 4. pL spectrum of PF2/6 at selected values of temperature
300 K and 100 K and then increase below 100 K. This canfor a (a) thicker and(b) thinner film. The vertical lines show the
not be attributed to any fitting artifact: at all temperatures theshift in the transition energies with temperature. The insébjris

PL spectrum is fitted with same number of individual vi- the PL spectrum of PF copolymer at 300 K. The strong 2.3 eV peak
bronic peakqshown in the 30 K data of Fig.)2vhich are s related to the emission from the keto defects.
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FIG. 5. (a) Peak position of the 0-0 and the 0-1 peak ifBPFas

a function of temperaturéb) FWHM of the 0-0 and the 0-1 peak in FIG. 6. () PL spectra of PF-P at a few values of temperature.
PF(B) as a function of temperature. (b) The 0-0 and the 0-1 peak position as a function of temperature

in PF-P.
0-1 peak blueshifts with increasing temperatures. The red- o .
shift of the 0-0 peak in this sample is most probably anselected temperatures. The O—O_transmon is not observed in
artifact due to self-absorption effects. With increasing temhe powder due to self-absorption. The film also shows a
perature a broad peak at 2.3 eV emerges at around 150 igertain amount o_f self-absorption since the relative intensity
shown in Fig. 4a). Recent work suggests that this peak isof the 0-0 peak is smaller compared to the 0-1 or the 0-2
related to the emission from keto defects si@gluorenone transition peak. At 30 K the main vibronic peaks that are
site.242° These defect sites act as guest emitters that cafbserved are the 0-0 peak at 3.12 eV, the 0-1 at 2.95 eV, and

efficiently trap singlet excitons created on the conjugatedh® 0-2 vibronic peak at 2.78 eV. Additional vibronic peaks
polyfluorene backbone by a dipole-dipole inducedtsfer-  are observed_ at_3.07 e\_/ and 2.86 eV. The |nd_|V|duaI _V|br0n-
type energy transféf The keto defect sites can be acciden-CS redshift with increasing temperatures .bot_h in the_ film and
tally incorporated into ther-conjugated PF backbone due to POWder. A redshift of the PL spectrum with increasing tem-
the presence of nonalkylated or monosubstituted fluorenBEratures in PHP has been %?served before, but a detailed
sites during synthesis or as a result of a photo-oxidative de@n@lysis was not carried offt> The PHP film was more
radation process. In order to reduce photodegradation due RJON€ to local heating effects during the PL measurement; we
the exciting UV, the samples were kept in vacuum during outherefore restrict our analysis of the PL energy _sh|fts to the
PL measurements. The concentration of these defect sites figiP Powder. Figures(8) and 8b) show the individual po-
quite low in the PF2/6 sample since the 2.3 eV emission i$'ions of the 0-1 and the 0-2 peaks, respectively, from the
absent in the thinner RB) film. Also, it is a thermally acti- 1P powder. The bold line is a fit to an empirical model,
vated process; in RR) the defect related emission is only discussed in detail in Sec. V.
observed for temperatures above 150 K. The inset of Fig.
4(b) shows the PL spectrum from PF1112, the copolymer IV. DISCUSSION
with 2% incorporated fluorenone sites. The strong 2.3 eV ] ] ]
emission is from the keto defects which overwhelms the Conjugated polymers can be viewed as an inhomoge-
emission from the PF backbone. neous collection of varying-length chain segments. Time-
In contrast, the diphenyl-substituted FFFF-P is expected and frequency-re_solved optica! studies show that after a pho-
to have almost no keto defects due to a different synthesis PN €xcites a chain segment with energy above the threshold,
the corresponding monomer blocks that prevents non- oihe exciton that is created executes a random walk through
monosubstituted fluorene sites. We compare the temperature
dependent PL from a drop-casted film of PF-P to the PF2/6
sample of film thickness comparable to the sampleARF
Figure Ga) shows the PL spectra from PF-P for selected
values of temperature. Clearly the 2.3 eV emission is not
observed at higher temperatures unlike in(4°¥f- indicating
that the sample is almost free of keto defect sites. Figg 6
shows the peak position of the 0-0 and the 0-1 vibronics as a
function of temperature. The average value for the rate of
shift of the PL vibronics is 5.2 10 °+0.3 eV/K.

PHP Powder 0-1 PHP Film

. ——30K
-==--110K

PL Intensity

PL Intensity

C. PHP

Y I R TN Y 22 2% 26 2830 82
PL Energy (eV) PL Energy (eV)

The PL measurements from PHP were measured both

from the powder and from a thin evaporated film. Figure 7 FIG. 7. PL spectra at four selected values of temperaturéjor

shows the PL spectra both from the powder and film forPHP powder andb) a thin evaporated PHP film.
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occurs. These sites presumably have a higher conjugation

Ieng'[h.7’32 Temperature (K)

The temperature dependence of the PL energies is differ-
ent for long-chain conjugated polymers compared to tthF
shorter chain oligomers; conjugated polymers show a blue-
shift of PL energies with increasing temperatures, whereag, . |, . andl, ., refer to the intensity of the emission
conjugated molecules like PHP show a redshift with increasfrom the zeroth vibrational level excited state to the first,
ing temperature. We point out that although the two types ofecond, and third vibrational level of the ground state, re-
polymers have different backbone conformatieLPPP is  gpactively.l . is the total intensity of the individual vibron-
planar, PF2/6 is semiplanaiboth show the same trend as a jcs, Here we assume that the transition matrix elements are

function of temperature. A similar blueshift in PL energiesthe same for all vibronics and neglect all vibronics above
with increasing temperature has been observed in other cogr3.

FIG. 9. Huang-Rhys factor versus temperature for MeLPPP,
2/6, and PHP filmsS was calculated using Eq2).

jugated polymers such as Pb\?’_and MEH-I?P\},O'ﬂand has The relative strengths of the vibronic transitions also
typically been attributed to lattice fluctuations. change along with shifts in energy with temperature. The
Huang-Rhys factor decreases both for the polymers and PHP
A. Huang-Rhys factor with decreasing temperature, as shown in Fig. 9. $fector

The spectral intensity is approximated by the superposi?Vas calculated using Ed2). Smaller molecules exhibit a
tion of transitions between the vibrational frequencies of thdargers factor due_ to their Iargg normal coordmalte d'SP'ace'
ground and the excited electronic states. In the emission prgnents(for a detailed explanation see Hagleral. 0. Itis

cess the probability of the Oth vibronic excited state to the"€refore not surprising that PHP has a hig&éactor com-
nth vibronic ground state is given by pared to the polymers. From Fig. 9 it is seen that PHP shows

a saturation effect at higher temperatures. This may be re-
e~ Sgn lated to the fact that since the electronic transition energies
, (2) redshift with increasing temperatures, there may be a higher

overlap of the 0-0 peak with absorption resulting in a further
whereS=Mw/24A2 is the Huang-Rhys factdf. Herew is  decrease in the intensity of the 0-0 peak in addition to the
the vibrational frequency is the reduced mass of the har- effect of temperature.
monic oscillator that couples to the electronic transition, and A decrease inS with decreasing temperature has been
A is the displacement of the potential curve between the@bserved in other works and is interpreted as an effect arising
ground and excited electronic states. The Huang-Rhys factdfom increased conjugation due to exciton delocalization.
therefore corresponds to the average number of phonons th&bis picture by itself cannot explain the temperature depen-
are involved when the excited molecule relaxes from itsdence of the PL from both the conjugated polymers and the
ground state configuration to the new equilibrium configura-shorter molecules, since PHP clearly shows a redshift of
tion in the excited statéafter the absorption of a photpand  transition energies with increasing temperatures. We also ob-
She is the relaxation energy. If we assume thatis the  serve the PL emission from quaterphenyl powder, which is a
same for ground and excited states and that the potentials aggort-chain oligomer to redshift with increasing tempera-
perfectly parabolicS can be determined from the fractional tures. Therefore we must really look at these systems sepa-

|0—>n: n!

intensity of the vibronic peaks: rately: the conjugated polymers that have a distribution of
chain lengths and the shorter molecules that have more or
S=(lg_1+2lg_o+3lg_3)/iotal- (2 less the same chain length distribution. Lattice fluctuations
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change as a function of temperature for all three materials ggrocess. A plausible explanation is that upon increasing the
indicated by the change in ti&factor but they do not ad- temperature, the excjtons_ that are created on the polymer
dress the issue of the difference in the shifts of the PL for thédackbone do not easily migrate to the low energy segments;

oligomers versus the polymers. they remain localized on the shorter-chain segments that
have higher energies. This is in agreement with the time-
B. Redshift versus blueshift resolved PL measurements of PPV at 20 K and 300 K by

Lim et al.” The spectral shift to lower energies at 300 K is

The electronic energies in bulk inorganic semiconductor$0% smaller compared to the 20 K measurement. This sug-
display temperature dependence mainly due to renormalizarests that at higher temperatures there are fewer stationary,
tion of band energies by electron-phonon interactions. Théow energy trap sites, and the exciton remains more localized
temperature dependence of the interband transitions isn a smaller segment.
mainly due to the interactions of the exciton with relevant In PHP the main contribution to the temperature depen-
acoustical and optical phonons. It can be described with adence of electronic energy arises from the exciton-phonon
expression in which the energy thresholds decrease propdfteraction term, similar to that in inorganic semiconductors.
tional to the Bose-Einstein statistical factors for phononA possible scenario is that in the long-chain polymers both

emission plus absorptioh renormalization of band energies due to electron-phonon in-
teraction as well as prevention of energy migration to lower
2a energy sites play a role, and the latter appears to be domi-
Eq(T)=E(0)— [exp(®/T) =17’ Q) nant.

We mention that in inorganic semiconductors such as
where E(0) is the band gap energy at 0 K, aadis the  GaN quantum dot§QD's),>* where there is a distribution of
strength of the exciton-phonon interaction. This includesthe dot size, the PL energies blueshift with increasing tem-
contribution both from the acoustical and optical phonéhs. Perature, similar to the conjugated polymers. Increasing tem-
is the average phonon temperature. By fitting the 0-1 and thBeratures result in a preferential loss of carriers from larger
0-2 PL vibronics of PHP with Eq(3) (see Fig. 8 we obtain ~QD'S (which have lower energigsresulting in a net blue-
an averagea=0.065-0.01 eV and an averag® =530 shift of the transition energy due to the emission from the
+150 K. These values are comparable to other inorganigmaller dots. This is in contrast to bulk Gawhere the
semiconductors, for example in bulk GaAs=0.057 eV and energies redshift with increasing temperatures.
apd=240 K. A higher.value o® implies a smaller con- . V. CONCLUSION
tribution from the acoustic phonons, and should also result in
a stronger exciton-phonon interaction. It is not surprising that We have presented systematic temperature-dependent
PHP has a higher value @f compared to that of GaAs since Ssteady-state PL studies from a series of conjugated polymers
the optical phonons due to the carbon-carbon stretch modé$)d @ molecule with variations in their backbone conforma-
have much higher energies compared to the optical phonort®ns. The conjugated polymers show a blueshift of their PL
in GaAs. The PL linewidth of the individual vibronics in transition energies with increasing temperature, independent
PHP show a scatter with increasing temperature and on tH¥ their actual backbone conformation. MeLPPP, which is
average remains a constant. planar, and PF, which has a semiplanar backbone confirma-

Although the polymers, MeLPPP, PF2/6, and PF-P altion, show a similar trend in their PL energies as a function
show a blueshift of their PL energiés with i’ncreasing tem-Of temperature. The shifts in the electronic energies reflect on

peratures, they shift at slightly different rates. The PL vibron-the temperature dependence of the actual relaxation process

ics in MeLPPP shift at the rate oP710 5+ 0.1 eV/K [Fig. whereby the exciton remains more localized on smaller chain

3(a)]. The PL energies in PF2/6 and PF-P shift at similarSe9MeNts on increasing the temperature. .
rates of 5<10°5+0.4 eV/K [Figs. 5a) and @b)]. The The shorter conjugated molecule, PHP, which has a simi-

slightly different rates in MeLPPP and PF-type polymersIar dis_tribution of chgi_n Iengths,. ShOV.VS t_he opppsite frend: a
may have to do with the differences in their conjugationredSh'ft of the transition energies with increasing tempera-
length, especially since their molecular weights are not thature: indicating a renorn_1aI|zat|9n of ba.nd energies due 1o
different. PF2/6 and PF-P show a broadening of the PL Iine_elec'[ron-phonon interaction. This behavior is similar to that
widths with increasing temperatures. Beyond 100 Kobserved in bulk inorganic semiconductors and can be de-

MeLPPP shows a broadening of the PL linewidths, as seen i cribed. by an em_pir.ical model that takes intq account the
Fig. 3b). The line narrowing of the 0-0 and the 0-1 peak at ose-Einstein statistical factors for phonon emission and ab-
100 K in MeLPPP is not completely understood. sorption.
A blueshift of the PL energies with increasing temperature
from the two families of the conjugated polymers with planar
backbone confirmatioMeLPPB and semiplanar backbone  The work at SMSU was partly funded by the Research
confirmation (PF2/6 and PF-P confirms the Corporation Grant No. CC5332 and the Petroleum Research
Bassler-Schweitzéf argument that the process should notFund Grant No. 35735-GB5. S.G. would also like to ac-
really depend upon the torsional fluctuations. Otherwiseknowledge the SMSU summer faculty support and the Fac-
MeLPPP, which has a planar backbone conformation, shouldlty Research Grant. U.S. thanks SONY International Eu-
show a different behavior. The shifts in the PL energies rerope, Stuttgart, and the Deutsche Forschungsgemeinschaft
flect more on the temperature dependence of the relaxatioiFG) for financial support.
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