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The charge carrier mobility of conjugated polymers is usually Scheme 1. Synthesis of EHO—OPPE—Pt° Networks

limited by disorder effects, which prevent efficient interchain

coupling and lead to one-dimensional electronic propettieapid }—/J Q
charge transport, however, is important for the exploitation of these ° ° T,
materials in electronic devicéE£nhanced interchain interactions, O = = . ' \”'%@
which concur with improved charge carrier mobility, are observed ° ° gj

in highly ordered structuréshut their fabrication is usually intricate. /_/_C EHO-OPPE

We show here that rapid charge transport can also be achieved by e ~ °R M~
introducing conjugated cross-links between conjugated macromol- T T}W
ecules. Examples of such materials are rare and were often obtained PO or
accidentally=" We have recently shown that organometallic CH0-OPPE.PEO gj %
networks can readily be prepared by ligand-exchange reattions

and now adopt this framework for the introduction of conjugated
cross-links between conjugated polymers. suggesting that the effective conjugation length is reduced. This is
The conjugated polymer employed here was EHIPPE? a consistent with the fact that the phenyl rings bend away from the
common polyp-phenylene ethynylene) (PPE) derivatifayhich platinum (the phenytC=C angle in Pt(DPA) is 153).!* The
comprises ethynylene groups that may act as ligand sites (Schem@hanges in the absorption spectra correlate with the Pt content but
1). PP was chosen as cross-linker, since it forms stable bis- appear to level off at [PY[PE] ~ 0.17. The complexation also
(ethynylene) complexé4,which due tar-back-bonding allow for leads to a substantial reduction of the photoluminescence intensity,
electronic Conjugatioh% A styrene solution of Pt(styrengderved consistent with exciton migration to the complexation sites, which
as the Pt source!® Since styrene is volatile, the ligands can be appear to provide pathways for nonemissive relaxation processes.
removed from the product after exchange with the PPE. In a model The remaining emission is similar to that of the parent PPE,
reaction with diphenylacetylene (DPA) and using in 40Pt NMR suggesting that the same singlet excited states are involved.
Spectroscopy7 we confirmed that even in the presencma)_ The carrier mobilities of EHGOPPE—PlO and an EHG-OPPE
fold excess of styrene the ligands of Pt(styrgme} quantitatively ~ reference were determined by time-of-flight (TOF) measurements
replaced by DPA, and the only product formed is Pt(DPAhe on indium-tin oxide/polymer/gold samplé4.In this technique, a

analogous reaction between EHOPPE and Pt(styreng)vas short light pulse incident on the polymeelectrode interface creates
accomplished by combining styrene solutions of these reactants@ thin sheet of charge carriers, and, depending on the polarity of
(Scheme 1). The ratio of the molar concentrations of &td the applied electric fieldF (with respect to the illuminated

phenylene ethynylene (PE) moieties JPPE], was varied between  €lectrode), holes or electrons are driven across the sample. The
0.016 and 0.34. The reaction mixtures gelled in seconds, consistentmobility of these carriersy = L/t;F, can be obtained from the
with the formation of cross-linked structures (Scheme 1). Homo- sample thicknesd. (which is large compared to the optical
geneous, amorphous films could be produced by spin and solution@bsorption depth) and the transit tiryeof the charge carriers.
casting before gelation. Consistent with their cross-linked structure, The shape of the photocurrent transients of EHIPPE and EHE

the films were insoluble in solvents for EH@PPE. On the other ~ OPPE-PP ([P%)/[PE] = 0.17), shown in Figure 2, is representative

hand, styrene was found to readily dissolve EHOPPE-PP, for all transients observed here and is characteristic of dispersive
demonstrating that the ligand exchange is reversible. Raman spectrdransport>~18 This mechanism is typical for materials with a high
of EHO—OPPE-PP showed a broad signal at 1842 thwhich degree of spatial and/or energetic disorder and is concomitant with
was also observed for Pt(DPA(L882 and 1864 cri) but not the a wide variation of local transport raté.

neat EHG-OPPE, and indicates the formation of the targét-Pt TOF measurements were performed as functions of carrier type
ethynylene comple¥12The insolubility of the cross-linked EHO (by changing the bias), electric field, and®Rtontent. It was

OPPE-PP samples prevented further structural analysis. Thus, the confirmed for EHO-OPPE and EHO OPPE-PP with [Pt)/[PE]
data ultimately do not allow a discrimination between conjugated = 0.25 that the drift mobility scales with, which demonstrates
cross-links and EHO OPPE-P#—styrene complexes, which may that the photocurrents are not range-limited. Further, no photocurrent
also be present (Scheme 1). was observed in a reference filin € 2 um) of PMMA comprising

The complexation of the PPE with®Rtauses a blueshift of the ~ 50% w/w Pt(DPA), confirming that the current was not caused

absorption (Figure 1) and a reduction of the extinction coefficient, Py a P®—ethynylene complex per se. High electron (910-3
cn? V-1 s71) and hole (1.6x 1073 cn? V2 s 1) mobilities were

* Address correspondence to this author. E-mail: chw6@po.cwru.edu. —1
T Department of Macromolecular Science and Engineering. found at lowF (3.8 x 10tV Cm ) for t,he neat EHG-OPPE. These
* Department of Physics. data compare favorably with the highest values yet observed for
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Figure 1. Photoluminescence and WWis absorption spectra of films of
EHO—-OPPE (solid line) and EHOOPPE-PP with [PL°)/[PE] = 0.17
(dotted line).
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Figure 2. Electron TOF photocurrent transients of EHOPPE (topL =
8 um) and EHG-OPPE-P® (bottom,L = 30um, [PP)/[PE] = 0.17) films

in linear and logarithmic plots, measured at 295 K &ne 1.5 x 10° V
cm™L,

=0

2 12)

o
"
a

Mobility (102 cm? V' s™)
°
»
»

.
Mobility (102 ecm? V' s)
o
®

o

A

o pe DWO

3

0 »e D
.
L]

oo re ®
S v emo
o

o
N
o
N
o

L L
2.0 25 0.0 0.5

.
0.0 05 1 1. 1.0 .
Field (10° V cm”) Field (10° V cm™)

IS
<]

w

.
o

[
T

.
°

Mobility (10° cm? V' s)
N

.
Lo

Mobility (10° em? V' s™)

. 3
obs : : : oL : : :
0.0 0.1 0.2 0.3 04 0.0 0.1 02 0.3 04
[Pf]/ [PE] [P/ [PE]

Figure 3. Electron (top left) and hole (top right) mobility of EHGOPPE-
PO as a function of [P{/[PE] and electric fieldF ([P)/[PE]: O, O; a,
0.016;@, 0.086;2, 0.17;H, 0.25;0, 0.34). Electron (bottom left) and hole
(bottom right) mobility atF = 1.1 x 10° (@) and 1.5x 10° Vcm~1 (O) as
a function of [PY]/[PE].

an ambipolar conjugated polym®rThe mobility depends oifr

and decreases with increasing bias (Figure 3). This somewhat

unusual behavior was observed previoifsgnd is explained by a

hopping transport model that accounts for off-diagonal (positional)
disorder caused by variations of intersite distances in addition to

diagonal (energetic) disorder in the transport manifélthe large

small [PP/[PE], the effect levels off at a [Bt[PE] of ~0.17, where
mobilities of 1.6 x 1072 cn? V1 s71 (electrons) and 1.4 1072

cn? V1 s71 (holes) are reached (& = 3.8 x 10* V. cm™?, cf.
Figure 3 top). These values are an order of magnitude higher than
those of the neat PPE. Highefbntents did not further increase

u. Thus, as indicated by the optical data, the cross-link density may
have reached a saturation limit, and no further cross-links but
complexes of the type EHOOPPE-P{—styrene are formed
(Scheme 1). Further, an excessive complexation may limit the
effective conjugation length of the PPE. The EHOPPE-P{
networks display the same field dependence as the parent PPE,
which suggests that introduction of°Rtreserves the large off-
diagonal disorder in the network.

In conclusion, we demonstrated that organometallic conjugated
polymer networks can be synthesized and processed by ligand
exchange between a linear conjugated polymer and a labile metal
complex. The introduction of conjugated cross-links between the
conjugated macromolecules leads to a substantial increase of the
charge carrier mobility. The charge carrier mobilities of the present
EHO—-OPPE-P® networks represent the highest mobilities yet
observed in disordered conjugated polymers and also compare well
to the hole mobilities of ordered materials {01 cm? V-1 s71).3
The ease of processing and the ambipolar characteristics of the new
materials are particularly intriguing and may lead to a new
generation of higher-performance semiconducting devices.
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