PHYSICAL REVIEW B 71, 125212(2005
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Photoinduced absorption spectroscopy is used to study the intersystem crossing in a blend consisting
of the fluorene-based conjugated polymers (®]§ -dioctylfluoreneeo-benzothiadiazole (F8BT) and
poly(9, 9'-dioctylfluoreneeo-bis-N, N’-(4-butylpheny)-bis-N,N’-phenyl-1,4-phenylene-diamipgPFB). The
intersystem crossing efficiency is found to &0 times higher in F8BT:PFB than in F8BT alone. We attribute
this effect to enhanced increased intersystem crossing in the charge-separated states formed at the polymer/
polymer heterojunctions in the blend. Applying an electric field dissociates these states and thus reduces the
rate of triplet state formation. We also perform time-dependent density functional theory quantum chemical
calculations to determine the — T, absorption cross section and to estimate the triplet yield.
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l. INTRODUCTION significantly less than the statistical value of 759¢° The

Polyfluorene materials are a class of conjugated po|ymerg1echan|sm of exciton _formatlon via charge-separated states
that have received recent attention due to their attractivéS therefore of intense interest. .
properties for use as the active layer in thin-film devices such In this paper we examine the formation and decay of trip-
as light-emitting diode's(LEDs) and transistor3. Further-  let excitons in blends of F8BT and PFB using photoinduced
more, depositing binary mixturelends of polyfluorene  absorption spectroscopy. We will show that the yield of trip-
materials from common solution has proved to produce syslet excitons is significantly increased in the blend system as
tems with good operating characteristics both in photovoltaicompared with the constituent polymers. Furthermore, we
applicationg* and in LEDs? perform theoretical calculations of the F8BT— T,, absorp-
Recent worR® has highlighted the importance of tion cross section in order to estimate the ISC efficiency.
interfacial states in polyfluorene blends, including blendsFinally we will discuss this result in the context of the
of poly(9,9 -dioctylfluoreneec-benzothiadiazole (F8BT) charge-separated states which are known to form at the
and poly9, 9 -dioctylfluoreneec-bis-N, N’-(4-butylphenyl- polymer/polymer heterojunctions in these blends.
bis-N,N’-phenyl-1,4-phenylene-diamipe (PFB). It was
shown that photoexcited singlet excitons will diffuse to a
F8BT:PFB polymer interface and undergo interfacial elec- Il. EXPERIMENTAL METHODS
tron transfer to form a geminate electron-hole pair. This
geminate pair may either relax to an exciplex state or may Photoinduced absorption spectrosc¢pyA) detects long-
undergo charge separation. Exciplexes are neutral excitdtyed excited states formed after photoexcitation. These
states with a significant charge-transfer character and agates are detected by measuring the small changes in infra-
much longer-lived than singlet excitons. Thermally excitedred optical absorptions in response to modulated laser exci-
energy transfer to reform the F8BT singlet exciton is an im-tation above the energy gap. Triplet excitons show a charac-
portant decay channel for exciplexes. teristic absorption to a higher-lying triplet stat&; —T,),
Triplet excitons represent another important class of excitypically around 1.5 eV. Additional absorptions due to
tations in conjugated polymers. Photoexcitation producesharges produced as a result of charge separation at the in-
predominantly singlet excitons, and typically only a smallterface may also be present. Singlet excitons, exciplexes, and
fraction of these undergo intersystem crosgitf®8C) to form  other fast-decaying states are too short-lived to be detected in
the lower-energy triplet exciton. In systems which containthis quasi-steady-state technique.
heavy atomgeither deliberatel{or accidentall§), ISC may Our experimental setup has been described elsewhere.
proceed directly via spin-orbit coupling. In most conjugatedExcitation was provided by an argon-ion laser at 488 nm,
polymers, however, spin-orbit coupling is very weak, and themodulated with a mechanical chopper wheel at 63 Hz
mechanisms for ISC are not well established. One possibilitgnd attenuated with a continuous optical density wheel. A
is that the formation of charge-separated states may be net50-W halogen lamp produced a wideband probe beam. De-
essary before ISC can occur. In LEDs, however, triplet excitection was provided by a monochromator and(\8sible)
tons may be formed directly by electron-hole recombinationand cooled InSKIR) photodiodes. Changes in transmission
and triplet exciton formation can represent an important limitwere detected by a lock-in amplifier referenced to the modu-
to device efficiency. Recent work suggests that the probabillation frequency and were normalized to the unmodulated
ity of triplet exciton formation in polymer LEDs may be transmission at each wavelength. All samples were measured
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in a continuous flow helium cryostat under a low-pressure In our experiment the pump beam was modulated with a

helium atmosphere. mechanical chopper. Adapting the treatment of Westering
Blend films were prepared by spinning from commonal.,** we model this approximately by the first two terms of a

chloroform solution onto Spectrosil IR quartz substrates. AllFourier series,

preparation was carried out under an anhydrous nitrogen at-

mosphere. Films spin coated from chloroform have a fine g(t) =£[1+C0$wt)], (2)

scale of phase separation, and exciton diffusion to internal 2

interfaces is therefore efficieft. where (7/4)G represents the unmodulated rate of photon

. In orde.r to |nvest|'gat¢ the effept of an electric field on absorption per unit volume angdis the quantum efficiency
triplet exciton formation in blend films, PIA measurements f triplet production via ISC. In this treatment we neglect

were also performed on planar device structures with a blen y contribution to triplet generation from bimolecular pro-
film sandwiched between electrodes. Semnrangsparent blent.ss such as recombination of nongeminate charges. The as-
d_ewces were prepared as reported by D|’EI(?11|. The ac- sumption that bimolecular triplet generation processes are
tive polymer Iayer(appr_oxmatgly 200 nm thlok_was spun unimportant is justified by the good fit of our experimental
ona glas_s subs_trate with a thin gold layer acting as the a ata to this model.

ode. A thin calcium electrode was subsequently evaporate Assuming thatn is a constant throughout the film, the

onto the polymer layer and qapped with a thin Ia_yer of 9°|d'fractional change in transmission of the probe beam is given
The electrodes were approximately 20 nm in thickness.

Triplet excitons have no dipole-allowed transition to the by
ground state and hence decay nonradiatively. In conjugated AT _ q
polymers, triplets have been shown to undergo both mono- T~ nod, 3)

molecular and bimolecular decay procesSaie bimolecu-

lar decay being attributed to triplet-triplet annihilation. TheseWhered is the film thickness and- is theT; — T, absorption
recombination processes may be probed by studying the d6ross section. Expressions for the in-ph&¥g and out-of-
pendence of the induced absorption on the excitation interPhase(Y) signal recorded on the lock-in amplifier may be

sity. found by solving Eqs(1) and(2) for the Fourier terms os-
We consider the rate equation for the population of tripletcillating at frequencyw,

excitons, AT VGr w7

dn n ? a 2 (017)% + (07)? od, @

G =90 -~ p, M : '

t T
) ) ) ) AT vGT T
where g(t) is the triplet generation ratey is the number T = > (0172 + (w7)? ad, %)
density of triplet excitonsy is the monomolecular lifetime, Y !
and B the bimolecular recombination constant. where
|
_ T _ } 2_ 2_ l f 2 2 2_
7= [(w7e)" = (75/7)" = 2] + SV[(w7)" + (75/ D)+ 2]" = 2
B 2 2
[

and The remaining parametersand vy may be fitted from a plot

of induced absorption against the absorbed laser intensity. In
this treatment we have neglected the spatial variation of
1 within the film; however, we still obtain good fits to our data.
\EB Theoretical calculation of thd;— T, absorption cross
section in PPV and F8BT was carried out as follows: DFT
At high laser intensities th¥-channel signal saturaté$. calculations of the lowest triplet staff, were performed
This saturation allows a straightforward determination of theysing Becke's three-parameter hybrid functional B3LYP
bimolecular recombination constagf provided the absorp- (Refs. 15 and 1Bwithin the unrestricted formalism and a
tion cross sectiowr is known: 6-31G basis séf'18 The calculation of thel, — T, absorp-
tion spectra was carried out at the time-dependent density
functional theory(TD-DFT) level 1*20All calculations were
wod 6) performed using thesAUSSIAN 98 (revision A.1] suite of

C(ATMysal2+12) programs’!

B =

B
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. . ) FIG. 2. Magnitude of the triplet induced absorption at 1.5 eV
_FIG. 1. Photoinduced absorption spectra of films of F8BT hqer 25 mw cri? of laser excitation for various blend ratios
(circles, PFB (dotted ling, and a 1:1 blend of F8BT:PFRtri- FSBT-PEB.

angleg at 10 K. The spectra have been normalized to their central
absorption peaks. Excitation for the F8BT and F8BT:PFB materials
was 75 mW cri at 488 nm and for PFB was 280 mW cfmul- Figure 2 shows the strength of the induced absorp-
tiline UV excitation (351 nm and 364 nin tion measured at the triplet peak of 1.5 eV for films with
blend ratios of 1:1, 5:1, 10:1, 25:1, 50:1, 100:1, and 100:0
F8BT:PFB. The absorbed excitation intensity is 25 mWm
in each case. It is clearly seen that addition of PFB to the
Figure 1 shows the PIA spectra for films of pristine F8BT polymer blend strongly increases the magnitude of the triplet
and PFB and a 1:1 blend of F8BT:PFB measured at 10 Kabsorption. All the films show similar spectral shapes.
The spectra have been normalized for ease of comparison but In order to assess whether the increased triplet absorption
it should be noted that the F8BT:PFB blend showed an abin the blend films is due to a change in the ISC efficiency or
sorption approximately 10 times stronger than either of thelue to a change in triplet lifetime, th¥- and Y-channel
pristine polymers. absorptions at 1.5 eV were measured as a function of the
All the materials show a broad absorption, F8BT andabsorbed intensity, as shown for several illustrative blend
F8BT:PFB peaking close to 1.5 eV and PFB at 1.35 €Y. ratios in Fig. 3. The solid lines are logarithmic least-squares
— T, transitions in this energy range are typical for conju-fits using Eqs(4) and(5). Figure 3 shows a reduction in the
gated polymers, and hence we assign these absorptions to tgeadient of theX-channel absorption and a saturation of the
triplet state. We also note that the spectrum presented hedechannel absorption at around 75 mW<érof absorbed in-
for F8BT is the same as that of Dhoet all® for FSBT  tensity, as the system moves into a regime dominated by
spin-coated from xylene solution and is also spectrally simibimolecular kinetics. The fits to Eq$4) and (5) are good,
lar to that recorded for pol9,9 -dihexylfluorene- but not perfect; theX-channel saturates more strongly than
co-benzothiadiazole(F6BT) by Westerlinget al!4 The trip-  predicted, and th&/-channel saturation is not complete. We
let absorption in PFB shows two peaks, at 1.35 eV andelieve that this deviation may be due to the approximations
1.83 eV. These show identical recombination kinetics as demade in deriving Eq94) and(5), in particular the neglect of
termined from frequency and intensity dependences of th&igher Fourier components in the square-wave excitation and
absorption signalnot shown. They therefore appear to arise the neglect of variation of the excitation intensity through the
from the same triplet exciton species. Similarly, the shoulthickness of the film. Both these effects may play a role at
dersat 2.25 eV and 1 eV in the F8BT and F8BT:PFB spectr&igher excitation intensities when the system is in a nonlin-
show identical recombination kinetics to the main peak. Ifear regime.
any absorptions due to photogenerated charges are present inin order to extract the intersystem crossing efficiency
the F8BT:PFB spectrum, they are obscured by the muclor the blend films we require knowledge of thig—T,
stronger triplet absorption. absorption cross section. The value for F8BT is not well
The triplet absorption in F8BT:PFB is spectrally very established but we note that in previous work cross sections
similar to that in F8BT and is unchanged if the excitationbetween 10' cn? and 1.5< 107° cn? have been estimated
wavelength is changed to the UV so as to excite the PFB ifior other conjugated polymefg324To resolve this uncer-
addition to the F8BT. This suggests that efficient energytainty we performed quantum chemical calculations to deter-
transfer from PFB to F8BT takes place in the blend. This ismine the absorption cross section.
consistent with a lower triplet energy in F8BT, as expected The T;— T, absorption spectra of F8BT oligomers rang-
from the lower energy gap in F8B(R.32 eV compared with ing in size from one to four units were simulated on the basis
2.84 eV in PFB given that the exchange energy in conju- of the excitation energies and transition dipole moments, as
gated polymers is usually insensitive to their chemicalcomputed at the TD-DFT level on the basis of the relaked
structure?? geometries. The dynamical polarizability was calculated

Ill. RESULTS AND DISCUSSION
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FIG. 4. Simulated theoretical;— T, absorption spectra of
251 (F8BT); (solid line) and(OPV); (dashed lingoligomers. The inset
shows the evolution of the absorption cross secti®@S) depend-
= FeBT ing upon the oligomers’ physical lengttband Il in the case of
li 0°F i F8BT oligomer$; the numbers beside the calculated points indicate
= the number of subunits.
tion peak for (OPV); greatly exceeds that of any of the
10 . . . (F8BT); triplet-state absorptions. The inset to Fig. 4 shows
0.001 0.01 0.1 , 1 10 that the cross section of band Il in F8BT oligomers exhibits
(b) Intensity (W cm™) a weak chain-length dependence in comparison to the main

FIG. 3. | i d q ¢ the induced ab i transient absorption in oligophenylenevinylenes.

L5 ey .ané?rrzs!tyl gepﬁgg-?h;ggozg;l(e " u;e 3 1s.olr(rt)t.|on 8 These results can be rationalized from a detailed analysis
= evior circles, C ~dsquares and Ll of the triplet excited-state wave functions. In the case of the
angles. The X channel is shown irfa) and theY channel in(b). h . .

e ! F8BT oligomers, this analysis indicates thaj the lowest
Solid lines are fits to Eqg4) and(5). The blends show a crossover triplet stateT, | v | lized ingle BT suburii)
from monomolecular kinetics to bimolecular kinetics at around Ep ?. Slae_ llls mostly Ocﬁlée on asm_ge_ _su E I dli
75 mW cn1?, indicated by a square root dependence ofXehan- the final triplet state reac e_ gpon excitation into ban IS
nel and saturation of th¥ channel. formed by one-electron excitations between molecular orbit-

als (MQ's) that are almost completely localized on BT sub-

units, (c) band Il arises from excitations involving occupied
assuming Lorentzian line shapes with half width at half2nd unoccupied MO's that extend over neighboring F8 and
maximum (HWHM or «,) values of 0.125 eMwhich best BT subunits, andd) band Il is formed by charge-transfer

fits the experimental line widjhAbsorption cross sections excitgtions from de_localized occupifed MO.'S with large con-
were then calculated from tributions on F8 units to empty MO’s confined on BT units.

It thus appears that the relatively small cross sections calcu-
) lated for representative F8BT oligomers result from the
‘T_C_go<|m(a)>’ (7 weaker electronic interactions between monomers in the
) ) ) ) F8BT copolymer(compared to the interunit interactions
wherew is the incoming frequency; the speed of lightso  jn OPV). This leads to molecular orbitals and excited-state
the permittivity of vacuuntlocal field factors are neglected \yave functions that artess delocalizednd aredistribution
and(Im(a)) is the imaginary part of the dynamical polariz- of the T, absorption cross section among several higher-
ability averaged over the three spatial directions. lying triplet excited states with different nature and localiza-
As an example, the simulated transient absorption spegion.
trum for a triplet exciton on a representative F8BT oligomer,  The simulated triplet spectrum in Fig. 4 compares well to
(F8BT)3, is compared to that for a phenylenevinylene oligo-the measured spectrum in Fig. 1. In particular, the experi-
mer of similar physical length(OPV)s, in Fig. 4.(T;—T,  mental spectrum shows a weak shoulderdt eV, a main
absorption spectra for PV oligomers, which were previouslyband at~1.5 eV, and an additional feature superimposed on
reportect® were kindly provided by Dr. A. Pogantsg¢iFig-  ground-state bleaching at2.5 eV, which we assign to the

ure 4 shows that whiléOPV)s has a single strong resonance calculated bands I, II, and Ill, respectively. The calculated
located at~1.6 eV, at least three optical featurgsferred to  cross section amounts t82x 10716 cn?? at ~1.3 eV (band
as |, I, and 1l in Fig. 4 can be identified fofF8BT);.  Il) for (F8BT); [compared to~10"°cn? at ~1.6 eV for

Importantly, the cross section for the maiph— T,, absorp- (OPV)s]. Note that(i) because of the weak chain-length
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TABLE 1. vy (intersystem crossing quantum efficiencyr 0.6 —— T T T
(monomolecular lifetimg and B8 (bimolecular recombination con- 05 i
stan) for F8BT, PFB, and a range of F8BT:PFB blend films. These '
parameters were obtained from fitting E¢#$. and(5) to the inten- o 0.4 -
sity dependence of the triplet induced absorption. E 03
= 1
Material ¥ 7 (ms) B (cm®s™) < g0 J
'_LLI
F8BT 0.019 0.981 1.7210°% < o4 -
F8BT:PFB 100:1 0.047 1.30 7.7410716 0 |
F8BT:PFB 50:1 0.053 1.58 7.2410°%6
. . 0.1 L L 'l L L
F8BT:PFB 25:1 0.082 1.68 4.3410716 012 008 004 0 002 008 012
F8BT:PFB 10:1 0.124 2.75 2.2810716 Field strength (V nm™")
F8BT:PFB 5:1 0.240 3.75 4.0010°%6
F8BT.PFB 1:1 0.200 2.07 3.6010716 FIG. 5. Field-induced guenching of the photoinduced triplet ab-
PFB 0.034 8.35 7.9810716 sorption at 1.5 eV in an F8BT:PFB device at 150¢rcles. The

data are plotted as the relative change in absorption at each applied
field. The solid line is a fit to an Onsager recombination process, as
described in the text. The inset shows the field-modulated-induced
dependence, the cross section obtained for the F8BT trimebsorption spectrum, under an applied field of 0.1 Vhrand
should be close to the polymer value afit) the results laser intensity of~300 mw cm?,

reported here for oligophenylenevinylenes are consistent

with those reported previously from a combined experimenchains on which the triplet exciton resides are increasingly
tal and theoretical investigation of alkoxy-substituted PPVseparated from each other. Triplet interchain movement is
derivatives[of order 10*° cn? (Ref. 9]. therefore impeded and the triplet mobility decreased, thus
Most importantly, our calculations indicate that tige  decreasing the rate of triplet-triplet annihilatigh Reduced
— T, absorption cross sections asegnificantly smallerin  triplet mobility also explains the observed increase in mono-
F8BT compared to PPV. Since has not yet been experi- molecular lifetimer, due to the decrease in the rate of exci-
mentally measured in F8BT, we adopt the theoretical valug¢on quenching at impurity or defect sites.
of 2X 107 cn? as the cross section for the 1.5-eV peak in  We hypothesize that the enhanced ISC seen in the blends
the experimental system. is mediated by the interfacial species which are known to be
With the theoretical value for the cross section estabformed on photoexcitation in these systems. The populations
lished, the ISC efficiencyy, triplet monomolecular lifetime and dynamics of these states are highly sensitive to electric
7, and bimolecular recombination constgftmay be ex- fields® and we have therefore measured PIA in semitranspar-
tracted from the intensity dependences for each blend rati@nt device structures under applied electric fields. Figure 5
These are listed in Table |. For comparison, the PFB tripleshows the field dependence of the magnitude of the PIA peak
absorption, measured at its pe@k35 eV}, is also included at 1.5 eV in a F8BT:PFB 1:1 blend device. The device was
(assuming a similar cross section to F§BWe additionally —operated at 150 K and excited with an intensity of
note that we have used the same value of the cross section300 mW cm? at 488 nm. The data are plotted as the frac-
for each blend ratio. This is justified by the lack of large tional change in triplet absorption at an applied fi@das
spectral changes as the blend ratio is changed, suggestiagmpared to that under no applied fi¢ldATe—ATg)/ATo].
that the same absorbing species is present in each blend. The effect of the electrical field on the PIA spectrum was
Table | shows that the ISC efficiengyincreases strongly measured by exciting the device with an unmodulated laser
as the ratio of PFB is increased in the F8BT:PFB blepd. and modulating the field between zero and —0.1 Vhrfihe
increases from 0.019 in pure F8BT to a maximum of 0.24 inchange in transmission measured by the lock-in amplifier
the 5:1 blend. We note that the absolute valug @fhich we  was then normalized by the unmodulated transmission at
extract is inversely proportional to the value of used. each wavelength, to produce the spectrum shown in the inset
Hence, if the true value o& is larger than the predicted to Fig. 5.
value of 2x 107%¢ cn?, our value ofy will be an overesti- Figure 5 shows that the effect of the field is to reduce the
mate. However, any error in the cross section will affect eaclintensity of the triplet absorption. At fields less than
blend equally, and hence our results unambiguously demor®.08 V nni* this effect is symmetric about zero bias, despite
strate a strong increase in ISC efficiency in the F8BT:PFRhe fact that the current through the device was highly asym-
blend as compared to the pristine polymer. metric, being very much higher under forward bias. There is
Table | additionally shows that as PFB is added to thean asymmetry at very high forward biases where the current
blend, the monomolecular lifetime increases from around through the device was very high»5 mA). This indicates
1 ms in pure F8BT to a maximum of 3.75 ms in the 5:1that any quenching of the triplet by interaction with charges
blend. The bimolecular recombination constgrdrops from is only significant at high forward biases. No reduction in the
1.72x10%cm*s? in F8BT to a minimum of 2.28 intensity of triplet absorption is seen in control devices fab-
X108 cm?s ™t in the 10:1 blend. In the blends, the F8BT ricated with F8BT alone, indicating that the field has no
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effect on the tightly bound triplet excitons once formed. tion is the blend of F8BT with pol®,9-dioctylfuorene-
Morteani et al. have shown that the effect of an electric co-N-(4-butylphenyldiphenylaming (F8BT:TFB). Unlike
field in F8BT:PFB blends is to dissociate the geminateF8BT:PFB, this system produces highly efficient LED&/e
charge pairs formed after charge transfer at the heterthave performed PIA measurements on a 1:1 F8BT:TFB
junction® Exciplexes are formed by relaxation of these plend as a function of incident intensity, and this system also
charge pairs, and hence the electric field suppresses the fGfe|ded an enhanced ISC efficiengyof 0.09 at 10 K, again
mation of exciplexes. The reduction in triplet population ysing o=2x 10716 cn?. This value ofy, which is consider-
seen in Fig. 5 follows a similar field dependence to that seeppy smaller than that in F8BT:PFB, places an absolute upper
for exmplexes.. At low f"?'ds it fits well to an Onsager model |imit of 919% on the singlet fraction in F8BT:TFB LEDs. This
.fo'r.charge.palr separation W'th.a permittivity Of.3'.4 and aNyalue is certainly consistent with the high LED efficiencies
initial geminate charge separation of 3.0 nm, similar to th hich are observethowever, a direct comparison is not pos-

values reported by Morteast al® The inset to Fig. 5 shows _. . .
a quenching of the PIA signal across most of the spectrumSlble due to the very different temperatures involvethe

but a small enhancement below about 1.4 eV. This is consisS—'.nglet frac'upn n th_e LED may in fact be lower due to
tent with an absorption at low energies due to Iong-livedd!reCt formation of triplet charge-separated states by recom-

charges which are produced on dissociation of geminat@ination; however, we note that it has proved difficult to
charge pairs. detect triplet excitons from their absorptions in F8BT:TFB
We propose that the enhanced ISC seen in the bIends.ED.S-10 o
takes place in the charge-separated states formed after photo-Since our measurements rely on photoexcitation, they do
induced charge transfer, either in the geminate charge pair ¢ot provide direct information about the population of triplet
in the exciplex itself. Both these states have much smalle@Xcitons in working LEDs. However, they do provide useful
electron-hole wave function overlap than the intrachain sininformation about the spin dynamics of the charge-separated
g|et exciton and hence have a small exchange energy, Coﬁtates Wthh are a precursor tO eXCltqn formathn in LEDs.
sistent with more rapid ISC. After ISC takes place, the ex-TWo crlteng are requwed_ to achieve a singlet frgcnon of more
cited state then has the opportunity to relax further to formthan 25% in an LED. First, the rate of formation of singlet
an intrachain triplet exciton by an exothermic process. Sinc€Xcitons from charge pairs must be larger than the rate of
the charge-separated state can in principle also undergo fuf@rmation of triplet excitons. Second, the spin state of the
ther ISC back to the singlet state, the yield of triplet excitonscharge pairs must be efficiently mixed in order to provide a
depends on the ISC rate and on the relaxation rates for sirfieady supply of charge pairs able to form singlet excitons.
glet and triplet charge-separated states to form singlet angur measurements provide evidence for a measurable 1ISC
triplet excitons, respectively. rate in the charge-separated states which are a precursor to
As the amount of PFB in the F8BT:PFB blend increases€Xciton formation in polymer blend LEDs. They therefore
the probability that a singlet exciton reaches an interface anghow that mixing of the spin state of coulombically bound
therefore can undergo interface-mediated ISC increase§harge pairs is possible, consistent with high singlet frac-
leading to an overall enhanced ISC efficiency as observed!Ons.
An electric field acts to dissociate the geminate charge pairs,
thus reducing the probability that ISC will take place.
The high value ofy recorded in the F8BT:PFB blend IV. CONCLUSION

would imply that triplet formation is a significant nonradia-  \ne have shown that ISC in ES8BT:PEB blends is approxi-
tive loss mechanism for the decay of photoexcited singlefately 10 times more efficient than that in F8BT alone, lead-
excitons and that the low photoluminescence efficiency ojng tq an increased triplet exciton population after photoex-
F8BT:PFB[16% compared to 55% in pure F8BRef. 41is  iitation in the blend system. Furthermore, we have

in part due to enhanced ISC, in addition to charge separatiogy|cjated theT, — T, absorption cross section to establish

at the polymer interfaces. However, further experimentab, egtimate of the ISC efficiency. We attribute the enhanced
work is required to confirm the value of in these Systems ficiency to enhanced ISC in the charge-separated states
before a fully quantitative picture can be obtained. We notgq meq at the FSBT:PFB interface. Application of an electric
that triplet formation provides a possible loss mechanism ifjg|q acts to dissociate these charge-separated states before
polymer photovoltaic devices, since tightly bound intrachainigc ¢an occur, thus reducing the population of triplet exci-

triplet excitons are not likely to be dissociated into chargesong |ntersystem crossing within charge-separated pairs is an
F8BT:PFB blends show promising performance in photovolsnotant process determining LED efficiency but further

taic devices, with short-circuit quantum efficiencies in excesg,y nerimental work is required to clarify the effect in a device
of 20%2° but to improve these efficiencies further, triplet 4 chitacture.

formation is a loss mechanism which must be taken into

account.
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