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Subpicosecond transient absorpti@®) spectroscopy was used to identify excited states, and to measure
their relaxation kinetics as a function of excitation wavelength in the halogen-bridged transition-matpl (
compound PtCl. For pump photon energigs,m, between 1.3 and 1.8 eV, below the threshold for exciton
formation, intrinsic polarons are photoexcited and decay within 1-3 ps. Excitation into the exciton absorption
tail (2.0—2.3 eV yields singlet excitons that rapidly decay into an even-parity state, which has a lifetib@®
ps varying with the intial photon energy. ExcitatiqB.1 e\) well above the exciton threshold appears to
generate more slowly decaying excitons, as well as polarons that are formed upon exciton dissociation. The TA
spectra also indicate that relaxation of excitons E(,,>2 eV is mediated by large-amplitude vibrations
perpendicular to the chains. Using third-harmonic generation spectroscopy in addition to TA, we develop an
energy-level diagram for the excited states, including polaron levels, and the lowest odd- and even-parity
excitons.[S0163-182807)02526-5

[. INTRODUCTION polymer chains. Similarly, for PtCl, in which excitations are
very localizedf, both experimenfsand theory indicate that
The halogen-bridged transition-metalX) compounds an excitonic rather than band picture is more appropriate.
are of interest from a fundamental point of view because theyrhe lowest energy odd-parity excitbhu) has a threshold at
exhibit a wide variety of broken-symmetry ground states andlO K of 2.4 eV? and is associated with the transfer of an
excited electronic states that are unique to one-dimensionalectron from the Pt band to the Pt band. Above the
(1D) systems. The ground state, for example, can be tunedexciton band is another broad featia:), with a threshold
chemically, from a strong charge-density wa@bW) with of about 3 eV, which can be ascribed to either a continuum,
large lattice distortion(PtCl), to a weak CDW with small a higher-energy exciton or a transition across the chains.
distortion (Ptl), to an undistorted magnetic sta{&liBr). Electroabsorptich and third-harmonic generatioiTHG)
Thus, MX solids provide a convenient means for studyingmeasurement$suggest the presence of an even-parity exci-
competing electron-electron and electron-phonon interacton |[mg) in the energy range between 3.4 and 3.8 eV. The
tions, which may help elucidate the behavior of more com+esults of steady-state photoinduced absorption, photoin-
plex higher-dimensional systems. For example, a close anatluced Raman spectroscopy, and light-induced electron para-
ogy exists between the electronic propertiesMoX chains magnetic resonance measurements have been interpreted
and those of CuO planes of high-temperaturewithin a band model in terms of the existence of nonlinear
superconductorsFrom a practical standpoint, these materi-localized excited states associated with the 1D nature of
als serve as models for the active semiconductors in devicdd X systems, such as solitons and polartn§hese states
such as light-emitting diodes and solar cells because of theran either exist as intrinsic defects in the materials, or are
remarkable tunability in the bandgap upon chemicalgenerated by photons of energy greater than the optical gap.
substitutiort or hydrostatic pressureln contrast with con-  Transient absorption data have also been explained by the
ducting polymers, another class of 1D systemds( solids  simultaneous photogeneration of self-trapped excitons and
grow as single crystals with primarily intrinsic disorder as- polarons? In all of the above cases, the photon energy of the
sociated with zero-point motion and thermal fluctutatibns. exciting light (Epump exceeded the optical gap of the
The excited electronic states of 1D compounds have trasample, and was therefore expected to give rise primarily to
ditionally been described by semiconductor band motiels. excitonic species. For lowdt 1, disorder plays an impor-
Recently, however, there has been growing experimental evtant role. In conducting polymers, for instance, the typically
dence that excitations in conducting polymers more closelyoroad distribution of conjugation lengths may be the main
resemble those of their molecular analogs, the finitecontribution to the tail of the absorption spectrum. Cose-
polyenes’ The electronic states can be described as excitoniquently, it has been suggested that as the excitation energy is
bands, with symmetries reflecting tkig;, point group of the lowered within the tail, excitons of greater spatial extent are
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photoinduced changes in transmissieAT/T of the probe
| in the spectral range from 1.2 to 4.0 eV. However, since the
samples of PtCl were relatively thidl0—300um), it was
N, not possible to detect the transmission of probe light polar-
'm, "" ized parallel to the chains for photon energies above 2.2 eV.
Transmission measurements through a PtCl plate were also
o, performed as a function of laser intensity using a Si photo-
I/, W\
ol j
/ \ N

\\\

diode and an oscilloscope to look for evidence of nonlinear
\ absorption due to the pump beam. The laser power was al-
ways kept below the threshold for saturation of the detector.
”"' |-“‘\ The transient absorptiofTA) spectra were numerically
/ \ corrected for the chirp of the continuum, which corresponds
| to differences in arrival times of the different wavelength
constituents due to self-phase modulation and group velocity
"c dispersion primarily in the 1 cm thick cell of water. The
0/ \ chirp dynamics was determined by measuring the TA signal
for various time delays in ZnSe; the signal is ostensibly due
to an instantaneous two-photon absorpti@®PA) when ex-
FIG. 1. Structure of thév X compound PtCI, showing sections ijted simultaneously by one photon each from the pump and
of two adjacent chains with perchlorate counterions between the”brobe beams. TPA from either beam alone was not possible
since the peak intensity was orders of magnitude below the
formed. The more tightly bound excitons created withthreshold 10 W/cn?) for generating free carriefS.
higher-energy photons, however, decay faster presumablyloreover, the subpicosecond response at each probe wave
because of the larger number of accessible states to whidbngth indicated that such a process, which has a lifetime of
they can hop, as revealed by transient luminescence and afmore tha a 1 ns inZnSel’ was not operative.
sorption measurements in p@baraphenylenevinylene The spectrum of the absolute magnitude of the third-order
(PPV).!2 The situation in ordereM X solids is different be- optical nonlinear susceptibility®(—3w; »,»,w) of PtCI
cause of the lack of structural inhomogenéitinstead of was measured with the output of an optical parametric
generating excitons, subgap excitation may give rise primagenerator/amplifie(OPG/OPA comprising two beta barium
rily to excited states of species that already exist as intrinsigorate (BBO) crystals cut for type-l phase matching, and
defects, such as electréR~) and hole (P) polarons, which  aligned for single-pass pumping using the frequency tripled
are correlated with a subgapA™ band at 1.65 eV in the (355 nm) output from a mode-locked Nd:YAG lasé€Con-
linear absorption of PtCf*° tinuum Model PY 61 with 35 ps pulsewidth and 6 mJ per
It is the purpose of this work to identify excited states andpulse at 10 Hz repetition rate. The infrared outgidier
their relaxation dynamics as a function of excitation intobeam from the OPG/OPA constituted the fundamental beam
three regions of the linear absorption—below, within, andin the third-harmonic generatidiHG) experiment, and was
above| 1u)—and to understand the nature of intrinsic versusfocused onto the sample by aX5microscope objectivé®
extrinsic disorder, which characterizes photoexcited states iwhereas the visible outp@signal beamwas used to monitor
orderedM X solids and typical conducting polymers, respec-the pulse-to-pulse fluctuation of the laser. In spite of the tight
tively. In this work we describe experiments on the stronglyfocusing of the idler beam, we found no contribution to the
localizedM X compound Ptien),|[Pten),Cl,]-(ClO4), (Fig.  third-harmonic signal from the air to which the sample was
1), where(en) represents ethylenediamene; we shall refer taeexposed. The sample was mounted on a rotational stage for
this solid as PtCI. generation of Maker fringes. At each wavelength, third-
harmonic signals from the sample and from the fused silica
substrate were measured in sequence. Assuming a value of

II. EXPERIMENT X (—3w;w,0,0) for fused silica of 3.1<910‘14 esul® we
A Coherent Mira Ti sapphire laser with 200 fs pulses atcalculated that for the sample according’to
800 nm and 76 MHz repetition rate was used to seed a i L
Quantronix optical amplifier, producing 250 fs pulses each of 3)(— 3 3) 4 [1s (E) Sk A
500 uJ at 1 kHz. These pulses then produced a white light X5 (730,0,0,0)= Xrer et \Nref/ Liet > @

continuum in a cell of flowing water. About 5% of this light

was used for a probe beam, the rest, time-delayed and then In T3—31InT,

spectrally narrowed with a 10 nm bandwidth interference KSZW’ )

filter for wavelengths from 550 to 900 nm; this portion con-

stituted the pump. For measurements with excitation at 40@herel is the intensity of the third-harmonic signal obtained

nm, we frequency-doubled part of the amplifier output in afrom fitting Maker fringesn is the index of refractionl. is

200 um thick BBO crystal. A different PtCl crystal was used thickness, and the subscriptssand ref refer to the PtCl

for eachEp,m,to exclude effects due to the excitation wave- sample and substrate, respectivedy.is a correction factor

length dependence of long-lived defect stdfes. for absorption(a; and a,) of both the third-harmonic signal
A 298x1152 pixel Princeton Instruments CCD coupled toand incident fundamental beams, with transmission coeffi-

a 0.15 m Acton spectrometer was used for detection of theients T;=exp(—ayLy) and Tz=exp(—a,Ly), respectively.
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FIG. 2. Transient absorption spectra of PtCl for excitatiofaat 0 50 100 150 200 250 300
1.78 eV andb) 1.46 eV. (b) time (ps)
We assume that the magnitude Q(f(?’)(— 30 0,0,0) FIG. 3. Evolution of the peak energy of the transient absorption

changes slightly according to Miller's rule in the wavelength and for wavelengths frorte) 700 to 900 nm andb) 400 to 600
range of 900 nm—-1.&m. The corresponding energy range
(0.8—1.2 eV of the incident photons allowed us to fill a wide
gap in the previously measured spectrtfhAll measure-
ments were performed at 290 K with light beam polariza-
tions parallel to the axis of the linear chains.

ton. Therefore, the observed excitation must arise from either
a phonon-assisted transition, multiphoton absorption, or ab-
sorption involving an intrinsic defect level. Phonon-assisted
absorption is possible, but unlikely, since the vibration most
likely coupled is the symmetric stretah, of the Cl atoms
around the Ptsites, which has an enerdy, of only 0.038
A. Excitation regimes eV.%In a linear system, excitation at 1.38 eV would therefore
require absorption of about 19 of these phonons, an event
that has a negligibly small probability. Although higher fre-
Figure 2 shows the TA spectrum resulting from excitationquency, off-chain vibrations could also be involved in this
energies well below the edge of the exciton. Withprocess, a large number of quanta would still be required.
Epumpg=1.77 V(700 nm), a band initially appears at 1.80 eV~ We checked for two-photon absorption by measuring the
(probe energy blueshifts to above 2.1 eV within 1 pEig. intensity dependence of the transmission of the pump beam.
3(a)], and then appears to completely defBig. 4@)]in 1.5  Assuming rectangular spatial and temporal profiles for the
ps (the blueshift combined with the lack of transmission pump, one expects the transmission to vary as
above 2.2 eV, however, obscure the dynamics for longer
times. Similar results are observed as we decrdggg,, to 1 e 1+ B(1—R)| (1-e 9
1.38 eV(900 nm. For Eyy,=1.38 and 1.46 e\M(850 nm, T (1-R)? +B(1-R)lo
however, an additional peak appears that does not shift in
energy with time[Fig. 2(b)]. TA band blueshifts have been Where « and g are one and two-photon absorption coeffi-
observed for other 1D materials, such as conducting polycients, respectivelyl, is the incident peak intensit is the
mers. In polydiacetylene, for example, a blueshift takes placéeflectivity, andd is the sample thickness. A significant two-
within 0.5 ps and is attributed to the relaxation of the photo-photon component to the excitation should therefore lead to a
excited exciton into a self-trapped st&teA similar blueshift  linear increase in I/ with 1. In particular, one might expect
is seen in polyacetylerfé,also within 0.5 ps, and associated to observe such a nonlinear dependenceEgy,;<1.8 eV
with lattice relaxation around the photoinduced charged desince there is evidence for an even-parity s&@ around
fect. 3.3 to 3.8 e\'% However, as Fig. 5 showg, is linear in
According to the linear absorption at 290'Kphotons of ~ pump intensity for alE,ymp=2.3 eV.(The large error bars at
energy below 2 eV cannot generate the lowest optical excilow light intensity are associated with the small voltage out-

Ill. RESULTS AND DISCUSSION

1. Intrinsic polarons

; )
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FIG. 5. Intensity dependence of transmission for wavelengths
FIG. 4. Time dependence of the transient absorption signal fofrom (a) 550 to 900 nm andb) 400 nm.
pump wavelengths frorta) 700 to 900 nm, an¢b) from 400 to 600
nm. Solid lines are guides to the eye. know the parity of the upper polaron state, the TA band
energy(1.8-1.9 eV att=0 in Fig. 2, may be consistent with
put of the photodiode relative to the sensitivity of the oscil-2 transition tomg).
loscope, and the dominance of scattered, rather than trans- 1he blueshift of the TA upon subgap excitation can then
mitted light, reaching the detector at these low light leyels. P& understood in terms of lattice relaxation of the photoex-
This is not surprising in view of the small pump intensities, Citéd polaron(Fig. 6. A change in the electron occupancy of
corresponding to the narrow portions of the continuum,
which we select but do not optically amplify. | mg>

3.8
Since we can rule out multiphonon and two-photon ab- f
I
|
I
]

sorption in association with the pump photons, we conclude

that excitation between 1.38 and 1.77 eV involves intrinsic
defect levels, most likely the ones responsible forAhgand

in the linear absorption. In fact, this band is present in the | 1u)
optical density spectrum of each of our samples, although it | Po) L
intensity relative to the exciton band could not be quantified 2

due to the large optical thicknesses of the samples, whicl

prevented measurement of the exciton absorption beyond i

tail. There is strong evidence that tieband is associated

with polarons? the optical transition occurring between the 0.7 0@
two gap states. Resonance Raman stétiesve shown that P! —e— 0.4

the A band is actually a composite of absorptions from both 19)
electron and hole polarons, which have different optical tran- P+ P-

sition energies due to charge conjugation asymmetry ir

MX systems:= Consequently, we expect there to be slightly £ 6. scenario for photoexcitation of pre-existing polarons in
different responses in the TA depending on whetheroP  ptc|. The numbers represent the energies of the levels with respect
P* is excited. We believe that such asymmetry may be reto the ground stattlg). Solid and dashed lines with upward arrows
sponsible for the additional absorption batg. 2(b)] ap-  are optical transitions induced by the pump and probe, respectively.
pearing after 1 ps at 1.95 eV that decays in 2 ps when w&he solid spheres are electrons occupying polaron leRgland
pump into theP~ absorption band. Although we do not P,.

3
|
1
[
|
2.4 I
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wavelength forEp,m,>2 eV is opposite that of structurally
inhomogeneous 1D systems. In a disordered form of BXCl,
as well as in PPV the PL decay rate increases with both
excitation energy and detection energy within the tail of the
exciton absorption, and is attributed to an exciton hopping
the localized states, in general, and the promotion of an elegate that is proportional to the density of states to which the
tron from the lowel{P;) to upper leve|P,), in particular, is  exciton can hop. In our measurements, the decay rate de-
predicted to lead to an evolution of the gap states toward thereases as we increakg,m, within the tail. The PL results
gap center, concomitant with structural relaxaffohs this  of Tanino, Rinle, and TakahasRf, on PtCl also show a de-
happens, the probe transition energy frid3) to [mg) in-  creased decay rate with detection energy. Although it has
creases. We assume that this level is at 2.0 eV above tHeeen suggested that this behavior is associated with
ground statd1g) for both P* and P". This is based on the defects’® both the PL(Ref. 26 and the present TA dynamics
experimentally observed\ band transition energy in the can be fit by simple exponential decays, indicative of an
steady state o&1.3 eV for P, and 1.6 eV for P, and an  Ordered system. In addition, for excitation above the exciton
energy difference betwedrng) and the lower P level, or ~ Pand edge, relaxation mediated by multiple trapping in local-
between|1u) and the upper Plevel, of about 0.4 eV ized states has been shown for 3D semiconductors to lead to
a blueshift of the TA spectrum with tinfé, which is not
) ) observed for PtC[Fig. 3(b)].
2. Exciton tail states The transient PL in PtCl around 1.8 eV has been

Excitation into the exciton absorption tail leads to the TA attributed'?>?®to the lowest odd-parity exciton, which is
spectra of Fig. 7; Fig. (&) shows the TA for pump energy predicted to become quickly self-trapped by its strong inter-
Epump=2.26 €V (550 nm). Within the experimental time action with the lattice in 1D systems. Another possibility is
resolution a subgap band is formed that can be reasonably fftat we are primarily populating an even-parity sti2e)
to a Gaussian at 1.80 eV that decdydg. 4b)] with an  that lies at an energy lower thahu). The dipole-forbidden
exponential time constant of 210 ps. This is close to thdransition from|2g) to |1g) would then explain the weak-
relaxation time of 230 ps of the photoluminescer&) ness of the PL intensity2.5% quantum efficiengy’® We
induced by 2.31 eV excitation and detected between 1.3 ancbnjecture thal2g) is populated by internal conversion from
1.5 eV? The TA spectruniFig. 7(b)] for Ep,n=2.07 (600  |1u) in a time that is beyond our resolutigtess than 300
nm) is similar in shape to the one formed upon 2.26 eVfs). Such a rapid transition has been observed in molecular
excitation, but, with the improved signal-to-noise ratio in thisanalogs of polyacetylene: In excited carotenoids, energy
spectrum, is more obviously comprised of two bands, whicHransfer to chlorophylls occurs through the decay of the low-
are centered at 1.74 and 1.84 eV. The latter has an exponeest one-photon allowed excited singlet into an optically for-
tial time constant=80+10 ps; the scatter in the data for the bidden state below it within 200 f8.Consequently, we as-
other peak at short times complicates the fit, but the timesign the high-energy edge of the PL in PtCl at 1.45 eV to
constant is approximately the same. This relaxation time is if2g).2° Figure 8 shows the THG spectrum, which we can use
good agreement with thatl00+30 p9 found for the PL  to determine the energies of other excited states. In particu-
decay in PtCl for 2.13 eV excitaticf. lar, we observe a prominent band for a single photon at 1.1

FIG. 7. Transient absorption spectra of PtCl for excitatiofant
2.26 eV andb) 2.07 eV.
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|3g) a8 wheren, is the electron density in the ground state, and
that in |2g), W, is the pump rate, anap,_ is the rate of
|2U> 3.3 relaxation out ofn;, which has been determined from tran-

sient PL. We assume in E¢4) that relaxation fronj1lu) to
|2g) occurs within the widthr of the pump pulse. IN is the

- - -

|1u) ry 24 initial population of the ground state, we have
IPo>
t ’
| 2g) 145 nl(t)=Ne*”Pttfodt’wpu(t’)ewLt , (5
P where we have assumed that excited populations are small
1> compared tag, which therefore remains relatively constant.
| The change in absorption associated with transitions from
19) |2g) is then
FIG. 9. Scenario for photoexcitation of excitons in PtCl. The +o0
numbers represent the energies of the levels with respect to the Aa~f dt'ny(t")lp(t—t"), (6)

ground state. Solid and dashed lines with arrows pointing toward

the top _of the page are _transitions induced py_the pump and prObWherelp, is the intensity of the probe pulse. For a square
_respectlvely. Th_e line with the downward pointing arrow representspump pulse withr<1/vp, , which is satisfied in our experi-
internal conversion froniLu) to |2g). ment sincer~0.3 ps and b/p ~10? ps, Eq.(5) gives n,
~exp(—vp.t). Since the probe pulse is also short with re-
eV, that could arise from two- or three-photon resonances, apect to the lifetime of2g), the TA[Eq. (6)] will apparently
even a resonance associated with the difference in enerdyave the same time dependence as the PL, which is what we
between excited statéHowever, a three-photon resonance observe.
from |1g) corresponds well with a band that peaks at 3.5 eV A puzzling aspect of the data is the apparent lack of
in the linear absorptiol In addition, assuming excitation bleaching in the TA spectra. For exciton formati@fig. 7),
into |2g), the existence of an odd-parity stai®)) at 3.3  however, the bleaching is presumably in the high-energy re-
eV would explain why we observe a TA band at 1.85 eVgion in which light polarized parallel to the chains is com-
(Fig. 7), for both 550 and 600 nm excitations. Unfortunately, pletely absorbed. In addition, bleaching of small magnitude
it has not been possible to verify the existence|bf) would probably be obscured by the TA that is perpendicu-
around 2.4 eV through THG spectroscopy since there is &arly polarized. For excitation of pre-existing polarofisg.
gap in the fundamental energy photons that could be pro2) we expect some bleaching to appear at the energy of the
duced this spectral range. defect band in the ground state absorption. However, given
The origin of the lower energy transition at 1.74 g8g.  the larger density of states in the bands, particularly at their
7(b)] in the TA for E,m=2.07 eV is still not clear, but is edges, where there is a singularity in 1D, most of the oscil-
probably related t¢2g) because their dynamics are similar lator strength for the transitions associated with this new
to each other. However, the small difference in the TA specstate would come from the exciton band, which, as above, is
trum and the faster relaxation for this excitation energy combeyond our spectral range. In addition, the spatial localiza-
pared to the case fd,,,;~2.26 €V, is tentatively attributed tion of the polaron may give rise to a bleaching band that is
to correspondingly different distributions of vibrationally ex- so broad, that its intensity is below our detection limit. The
cited states created within th&u) potential surface. blueshift in the TA band shows that the polaron becomes
Although competition between thé2g) and relaxed more localized upon photoexcitation since the levels associ-
|1u) leads to a reduced efficiency of PL from the odd-parityated with it move deeper into the gap. Thus, the bleaching
state, we do not see distinct bands in the TA spectrum withwould be even more spread out after photoexcitation.
different dynamics from each other. Since the relaxation ap-
pears instead to be uniform across the spectrum, we believe 3. Excitons and polarons

the PL is almost entirely froni2g). In addition, impurities For E,yn=3.1€V (400 nm (Fig. 10, which is well

and interchain interactions can lead to a mixing of even an%bovelltf), ZTA band appears around 2.0 eV, with a decay

odd states, causing the lowest excitonic state to have an odgkg|iq |ine is a biexponential fitthat is initially faster(1.75

parity cc_)mponent, and increasing the PL.eff|C|ency from thabs) than for the excitations of Fig. 7, followed by a slow

level. Figure 9 shows an energy-level diagram for the projesponse with a time constant of 750 ps. The fast component

cess of exciton formation ignoring such mixing. An electronzpnears to be associated with a small blueshift of the spec-

is initially pumped from/1g) into | 1u). However, as aresult ,m [Fig. 3b)], indicative of an optical transition originat-

of structural relaxation the exciton quickly becomes Iocal—ing from a level that shifts downward in energy during re-

ized and relaxes int2g). This can be simply modeled by |axation, and is similar to what was obsenjétg. 3(a)] for

the rate equation, photoexcitation of intrinsic polarons. For this higher excita-
tion energy, however, we ostensibly generate polarons that
did not exist in the dark.The propensity for generating

dng charge carriers foE,,, above the/1u) exciton band edge

ar - MoWeu T Nuved, @ as recently been demonstrated for a wide varietyvioft
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delay fimes (ps): the energies of the intragap and band edge levels to oscillate
400 nm pump 0 075 with a period equal to the LO phonon lifetinfe-250 fs for
» PtCI).6 This oscillation is suppressed by adding a damping
term to the equation of motion of the ions along the chain to
suppress the formation of breathdtsThe damping repre-
sents alternative pathways for relaxation, such as 3D interac-
tions, and may explain why we do not observe an oscillation
of the TA band energy. The role of interchain interactions in
| X quasi-1D systems has received much attention since it was
10195 TR '} recently determined, by subpicosecond absorption measure-
e . g ments, that interchain excitons may actually be the primary
photoexcitations in films of the conjugated polymer PBV.
The importance of such interactions—between the chain and
the ligands and counterions—M X systems has also been
| - | | demonstrated recently through x-ray crystallography and
1.4 1.6 1.8 20 22 24 resonance Raman measurements.
Energy (eV) Evidence for higher-dimensional interactions in the
present data is a feature in the TA spectra that appears only
FIG. 10. Transient absorption spectra of PtCl for excitation at for E,,n;>1.9 eV. It has a relatively flat absorption profile
3.1leV. for probe energies above 2.1 and below 1.4[&\gs. 7 and
10, and also seen fdE,,m;=1.91 eV (not shown] that dis-
plays the same relaxation dynamics as the prominent bands,
but has an onset that is delayed by 0.5—1.0 ps with respect to

free carriers may be immediately generated, but quickl)}he pump p_ulse. Since Iight polarized pgral!el to Fhe chains is
evolve into polarons due to the 1D nature of the system. ThEOt transmitted for the high-energy region in which this fea-
2u state may therefore be analogous to fHu conduction  (Uré appears, we attribute it to a portion of the white-light
band in conducting polymers, which also has a large thregtontinuum that is polarized perpendicular to the chains. This
photon resonance in THG above that for tHeulexciton3! 1S caused by probe light that leaks through the polarizer per-
A slower process of polaron formation would involve Pendicular to its axis of easy transmission. The origin of this
generation of g1u) exciton with enough excess energy to off-chain absorption is elth.er an induced transition d|polel
allow dissociation into isolated polaro?%‘.l’he redshiffFig. =~ moment that has a perpendicular component, or an interchain
3(b)] of the TA spectrum that is observed after 2 ps, butexcitation, such as an exciton bound across adjacent chains.
which lasts about 50 ps, could then be correlated with aVe rule out the latter because the dominant excited-state
transition from|P,), which shifts in a direction opposite that species for pump polarization parallel to the chains should be
of |P,).° Assuming final densities of states that were roughlythe intrachain exciton consisting of neighboringPsites,
equal to each other, one would expect, under photogenerand we expect the relaxation of such a state to be much faster
tion of polarons, the transition probability froR; to be than that of an interchain excitation. However, the large os-
greater than that fror®, sinceP, is either singly or doubly cillator strength of this transition and its dynamics, identical
occupied, whereaP, has either zero or only one electron. to that of the main TA band, suggest that it originates from
This may explain the dominance of the redshift at long timesthe same electronic state. An alternative mechanism for this
but not the initial blueshift. . absorption is that the excess energy of the pump beyond that
Excitons that do not dissociate may be responsible for thgseq to create the exciton is channeled into large-amplitude
remaining signal that has a 750 ps decay time constangiof-chain vibrations, leading to the formation of a 2D or
which is much greater than the relaxation rate for tail-stateny gyrycural kink in the chain. In conjugated polymers and
excitation[Figs. 4b), 7]. The origin of the dependence of their analogous finite polyenes, for instance, photoexcitation

relaxation rate orEpyp, could then lie in the differences in is postulated to generate structural distortions involving out-

the phonon spectra generated in the excited state in ea -plane twists of the carbon backbone, with an associated

case. For example, as the excess energy increases, the fr%?éctronic state below the lowest optically allowed excited
tion of high-order vibrational modes may increase, leading to P y

35 . . . . .
lower transition probabilities, and, therefore, slower decaysState-" I MX systems, energy dissipation via off-chain

It could also be argued, in contrast to the density of state§0des, like those of theen ligands or the CIQ counteri-
model, that exciting deeper into the exciton band increase@ns, is probably favored, since these have much higher fre-
the electron-hole kinetic energies, causigdo increase, and quencies(1113 and 935 cm' for the symmetric stretches,
therefore leading to an increased recombination time due teespectively’®®” than the intrachain modes, which are con-
tunneling, assuming that is smaller than the Coulomb cap- fined to frequencies less than or equal to thatief at
ture radius. This phenomenon has been used to explain /&1 cm*,*38 and, consequently, would require fewer vibra-
kinetics of TA in 3D amorphous semiconductors as a functional quanta for relaxation.

: 32
tion of Epmp.

50x10™
40 -
30

20

-AT/T

-10 4

systems in CW TA and PL experimerifsin PtCl this may
occur via phonon-assisted excitation iu) (at 3.3 eV.
Then if the electron-hole separatiop in this state is large,

B. Intrachain vs interchain interactions IV. SUMMARY AND CONCLUSIONS

Theoretical studies have shown that the presence of local- A summary of the TA data is provided in Table I. We
ized nonlinear lattice excitations known as breathers causesbserve a dramatic change in the spectrum and in the dynam-
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TABLE I. Excited-state properties of PtCl. Assignments, based on Figs. 6 and 9, are given to the optical
transitions associated with the pump and probe photons. The range of transient absorption peak energies for
pump photons of 1.38 to 1.78 eV, and for 3.10 eV, results from transient shifts of the peaks.

Optical Optical Transient
Pump photon transition of transition of absorption
energy(eV) pump probe peak(eV) Lifetime (ps)
3.10 1g—1u,1g—2u P,—3g,29—2u 1.9-2.1 1.75,750
2.26 1g—1u 2g—2u 1.8 230
2.07 1g—1u 2g—2u 1.74,1.84 80
1.78 P*:(P;—Py) P,—3g 1.8-2.1 <1
1.66 P™:(P1—P,) P,—3g 18-2.1 <1
1.46 P~:(P,—P,) P,—3g 1.8-2.1 <1
1.38 P~:(P,—P,) P,—3g 1.8-2.1 <1

ics of photoexcited states of PtCl as we tune the excitatioffior additional pathways for energy dissipation that compete
wavelength across the edge of the lowest optical excitonwith breathers, which may be quenched when other relax-
|1u). For Eyympwell below |1u), but in resonance with the ation mechanisms are important.

A band in the linear absorption, we found that we could

photoexcite pre-existing polarons with high quantum effi-
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