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Measuring the size of excitons on isolated phenylene-vinylene chains: From dimers to polymers
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We have determined the excess polarizability of the relaxed first excited-singleSstateisolated chains
of phenylene-vinylene oligomers and polymers by measuring the transient change in the microwave dielectric
constant that occurs on flash photolysis of dilute solutions. The isotropic value of the excess polarizability
volume, Aa’(S,), increases from 250 &for a dimer to 960 A& for an octamer, and 1600 %Afor high
molecular weight polymers. The value for the isolated polymer is close to that found for the unrg|sstate
in electroabsorptioiStark effect measurements on solid samples of gphenylene-vinyleng indicating that
exciton delocalization is not strongly influenced by either post-excitation relaxation of the polymer backbone
geometry, or by interchain interactions.

The nature of photoexcitations on conjugated polymersolute aggregation occurred. The solutions were flash photo-
chains is a subject of continuing study and deBateQues- lyzed using single 7-ns, 10-mJ/érpulses of 308-nm light
tions of particular current interest concern the extent of defrom a Lumonics HyperEx 400 excimer laser. The time-
localization and the binding energy of the relaxed singletresolved microwave conductivity technigu@RMC) was
exciton,S;. Such questions are of more than just academigised to monitor the chang&e’ occurring in the relative
interest sinceS; is the intermediary in molecular electronic dielectric constant of a solution on flash photoly$is'®
devices such as electroluminescent dispiayand photovol- Changes irc’ as small as 1 ppm could be detected.
taic cells®~1° A parameter directly related to these questions A change ine’ is related to a change in the polarizability
is the polarizability of the excitong(S,), since this is a of the solute molecules on photoexcitatidny by
measure of the effective degree of delocalization and of the 5
dipolar coupling betwees, and other states within the sin- Ag'=[e'+2]°AaN/9e,. 1)

glet manifold. N _ _ In Eq. (1), N is the concentration of excited molecules and
In the past, the polarizabilities of the singlet excited-statesg e permittivity of vacuum. In the present experiments the

of conjugated polymers have been estimated by measuring,ngjent change in power reflected by a microwave cavity
the Stark effect, i.e., the effect of an applied electric-field on

: ; containing the solutiomAR, was monitored at the upper and
the optical absorption spectruthFrom such electroabsorp- |5 er half-power frequencies of the cavity resonance. The

tion measurements on single crystals of polydiacetylene dedifference between the two transienfs, =AR_ — AR, is
rivatives, values of the polarizability of theB], exciton in related toAs’ and henceda by - N i

the direction of the conjugated backbone within the range

4000 to 8000 & have been determinéd For solid films of A.=CAs’+DdAs’/dt (2a)
polyphenylene-vinylenes values from 2400+010000 & -
have been reporteld= 2 Polarizabilities determined in this —[&'+2]2Aa[CN(t) + D{dN(1)/dt}/%e  (2b)

way are related to the vertically excited unrelaxed state in a
bulk polymer matrix for which interchain interactions could with C andD determined by the characteristics of the cavity
be important. In this paper, we report measurements of theesonance. The differential term in E®), which leads to an
excess polarizability of theelaxed § excited-state oriso-  oscillatory component in thé . transients, results from a
lated phenylene-vinylene chains varying in length from two nondissipative change in the energy stored in the cavity
to several hundred monomer units. The measurements weveghene’ changes. Typical transients are shown in Fig. 2 for
made by determining the transient change in the dielectrithe da-PVn series of oligomers.
constant of a dilute benzene solution on flash photoexcitation The time dependence of the concentration of excited
of the molecules. statesN(t) was calculated by a convolution procedure that
The molecular structures of the phenylene-vinylene PMincluded the laser pulse shape, the incident light intensity
oligomers and polymers studied are shown in Fig. 1 and theiand solute optical density, and the lifetime of the relasgd
first optical absorption and emission band maxima are liste@éxcited state. The last parameter was determined by time-
in Table I. All of the compounds, including 500 monomer  resolved fluorescence measurements using the 0.8-ns pulse
unit polymers could be dissolved in benzene. Low concenfrom an LN1000 nitrogen laser and a 150 ps risetime
tration solutions(~ 10 ppm or 104 molar PV unit were  channel-plate photomultiplier. The lifetimes determined are
investigated under conditions for which no intermolecularlisted in Table | and are considered to be accurate to within
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N FIG. 2. FP-TRMC difference transients,. [see Eq(23)], pro-
portional to the change in the dielectric constant on photoexcitation
R,0 n>>100 of dilute benzene solutions of the da-PVn oligomers with?2, 4,
R - Rom 2-ethylhexyl 6, and 8 from bottom to top. The base lines of the transients are
r&gﬁﬁ",, R methy] Rom 37-dimethylocty] displaced vertically for clarity. The dotted curves are calculated fits
(dMO),-PPV: R;=3,7-dimethyloctyl R,= 3,7-dimethyloctyl from which the exciton polarizability is determined using E2})

and measured fluorescence decay times of 1.00, 0.80, 0.70, and 0.61
FIG. 1. Molecular structures of the phenylene-vinylene oligo-ns, respectively. The noise level corresponds to a change in the
mers and polymers studied. relative dielectric constant of 0:51076.

_ _ , _ 1600 A is found on going to the high molecular weight
+50 ps. Examples of fits to the experimentai’ transients  o\ymers. These values are orders of magnitude larger than
from which A was determined, are shown in Fig. 2. tne polarizabilities of ground-state molecules similar in size
Since the molecules are orientated randomly in solutionig the phenylene-vinylene unit, e.ge! (S,)~ 10 A3 for ben-
Aa is the isotropic value of the polarizability, i.eA« zene.
=(AaytAay,+Aa,)/3. Its magnitude is most conve-  Since the exciton polarizibility is expected to be highly
niently discussed in terms of the excess polarizability vol-anisotropic and aligned mainly along the conjugated clmin
ume,Aa’=Aaldms, in units of A% The values determined axis), the value ofAa’(S;)=1600A° found for the poly-
for the excess polarizability volume of the singlet excitonmers corresponds Wa,, (S;)~4800 A>. This is within the
denotedAa’(S,) are listed in Table | for all of the com- range ofz axis polarizability values, from 2400 to 10 006,A
pounds studied. For both series of oligomeksy’(S;) in- previously determined by electroabsorption measurements
creases with increasing chain length from approximately 25@n solid PPV films™~**We conclude from this that the de-
A3 for the dimers up to a value close to 1008 for the  gree of delocalization of the singlet exciton does not change
longest oligomeric chains. A further substantial increase t¢ubstantially on relaxation from the vertically excited state
and that interchain interactions in the bulk solid have only a

TABLE I. The fluorescence decay time, , excess polarizabil- mlrbor_ influence, !f Iany! OT ixfj'ton delocallzatlor(lj. | H h
ity volume o' (S;), volume of the PVn backboné,,, first absorp- sing a semiclassical hydrogen atom model Horvat

tion band maximumE,g, and the 0,0 band emission maximum Bassler, and Weise, derived the relationshipa’(S,)

Er.. ~4R® for the polarizability volume of a singlet exciton of
orbital radiusR. This indicates that the polarizability volume

T a'(Sy)? V. Eaxs  Eq should be an approximate measure of the actual volume en-
Compound (P9 (R3) R3  (ev) (eV) closed by the exciton wave function. In view of this, we

compare in Table | the present measured values@f(S;)

tb-PV2 980 30650 438 343 312 jth the actual molecular volumes of the conjugated back-
tb-PV3 950 53& 70 597 320 288  popes of the oligomery,,. As can be seema’(S;) and
tb-PV4 740 81&¢100 756  3.07 276 v _ are in fact similar in magnitude. This could be taken to
tb-PV5 670 93120 915 3.00 270 jndicate that the exciton wave function is delocalized over
da-Pv2 1000 25840 438 318 279  almost the entire phenylene-vinylene chain even for the
da-PVv4 800 666 80 756 2.88 255 |ongest oligomers. In the case of the polymers the value of
da-PV6 700 908110 1074 277 245 Aa’'(S;)=1600A3 can be compared with the volume of a
da-PV8 610 968:130 1392 272 2.42  single PV unit of 159 A This would suggest that the exciton
MEH-PPV 250 1606400 2.47 220  wave function is delocalized over approximately 10 mono-
dMOM-PPV 300 1606400 247  2.23 mer units. This is in agreement with previous estimates
(dMO),-PPV 250 155@ 400 248 222 within the range 165 based on trends in the optical

properties-’ 21
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Rather than taking the polarizability to be a measure othe relaxed singlet exciton to an upper state or states lying
the spatial extent of an exciton as suggested by the semiclaslose in energy. The polarizability is, therefore, expected to
sical approach, it should more correctly be discussed ipe related to the exciton binding energy, which is a param-
terms of the dipolar coupling with other available quantumeter of considerable interest and discussion at préséht.**

states as given BY Theoretical calculations similar to those presented recently
for polythiophené&® aimed at quantifying this relationship
a(Sy) =23 1(| il > AE) /3 (3)  are underway and will be the subject of a future publication.
=225 o o{Fin/AE 2} M, (4) We would like to acknowledge Professor A. B. Holmes
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