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Organometallic “rigid-rod” polymers witkx-conjugated metal-
organic units are currently receiving much attention because of their
potential use as advanced materials for electronic, optical, and liquid
crystal applicationd Notably, Pt-alkynyl polymers and oligomers
have been employed in organic photocediad have been used as
model systems to characterize the triplet manifold of conjugated
organic polymersrelevant to OLED devices.

The performance of electronic devices is influenced to a large
extent by the efficiency of intrachain electron and hole migration,
or delocalization. However, the question concerning the degree to
Wh_ICh Pt disrupts or enhances me:or_HUQat'on between_organlc Figure 1. Molecular structure ofl at 120 K with thermal ellipsoids at
units and, hence, alters the electronic structure has still not fully 5094 probability and all H atoms omitted for clarity. Primed atoms are
been addressed. Some qualitative insight, in particular concerninggenerated by; symmetry. Selected distances (A) and angles (deg): Pt1
the delocalization of the singlet and triplet excitons ir-Bikynyl P12.2949(12), PtC1 2.008(5), C+C21.171(7), C2C3 1.476(7), Nt
species, has been acquired from photophysical stddMere gflfﬁfgég){)yégg éfétzl(fgyggég éé’f%@éﬁgé _12;8§(07()7')Cf
recently, thezr-conjugation has been probed by means of single- ' ' ' ' '
molecule charge-transport measurements; it has been found, for MeQ, OMe
instance, that the molecular conductivity of a model Pt-bridged Q gj
phenylacetylide molecule is significantly higher than that of a ] N ==
s-conjugated oligo(phenyleneethynylene) “molecular wfredl- §f§ Ot Q
though it is considerably lower than that of a 9,10-anthracene- Med i OMe
bridged analogué. _ 20000 fo

In this communication, we presengaantitatve assessment of
the effect Pt has on electronic delocalization. We describe a system,=
1 (Figure 1), in which two triarylamine redox centers are bridged
by Pt; analysis of the intervalence charge-transfer (IVCT) band of
its mixed-valence (MV) derivative,1]*, allows us to quantify
directly the electronic coupling through Pt for the first time and to
compare this to that in an all-organic structural analogue previously
reported by Lambef, [2]* (see Figure 2). Moreover, while
inorganic MV systems with both inorganic and organic bridges have
been much studied and pure organic MV systems are gaining
increasing attentioh[1] ™ represents an unsual class of MV system 0
whereby two organic redox centers are coupled through a metal
atom10 Energy / cm’

The Pt(Il)-bridged triarylamine specie$, was synthesized by  Figure 2. UV-vis-NIR spectra for {]* and P]* in CH.Cl,.
couplirlg oftransdichIorobis_(triethylphpsphing)platinum(lI) with electronic structure and photophysics. Calculations of the excited
(4,4-dimethoxy,4-ethynyl)triphenylamine. A single-crystal X-ray  gate o1 performed at the time-dependent density functional theory
diffraction study confirms the trans arrangement of ligands across (TD-DFT) level reveal that both:Sand T, states originate from
a square-planar Pt center (Figure 1). The electronic absorption o a5 with mixed triarylamine and alkyne character and are, thus,
spectrum ofl in CH,Cl, features a strong transition at 373 Nm o\ calized over the entire system. The energy of 3.4 eV (364 nm)
(log e = 4.82), along with higher energy absorption at 307 "M qariveq for § compares well with the experimental absorption data.
(log € = 4.60). The luminescence spectrum shows a weak band altp_pET calculations also indicate that several more excited states
_405 nm assigned 10,5~ S re_laxatlon, along with a_much moreé  |ocated just above;Salso contribute to the first absorption band,
mte_nse band.at _494 nm assigned to the-T S, transition. Very with energies 3.63.7 eV.
similar behavior is observed for Palkynyl polymers; and hence Electrochemistry ofl reveals two overlapping reversible oxida-

1 may be considered a good model for these systems in terms Oftions due to the triarylamine groups, with separatid®y, = 65

' Georgia Institute of Technology mV resolvable by differential pulse voltammetry, indicating the
*New Mexico Highlands University. comproportionation constant for the MV monocatié, to be ca.
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Figure 3. Localized orbitals of {]™ and ]* involved in the ET process.

Table 1. IVCT Band Data for [1]* and [2]*
cation Vinax EmadM L em? Avip RIA Viem™t
[+ 6540 3395 4200 17.78 350
[217 7730 5257 4280 19.30 440

13 at 298 K!! Reaction ofl with 0.1 equiv of tris(4-bromophenyl)-
aminium hexafluoroantimonate oxidant in @&, affords a green
solution containing the monocation; the dication is formed by
similar reaction ofl with 2 equiv of oxidant in CHCl,. The MV
monocation displays a band (6540 Thin the near-IR region of

the spectrum attributable to IVCT, along with peaks at 10 000 and

15 000 cn1t assigned to Pt> N* charge transfer and a localized
triarylaminium excitation, respectively. The IVCT band is absent
in the electronic spectrum of homovale@t{", while the other two
transitions are observed at similar energieslid put with greater

intensity; the neutral molecule does not display any features in this

region of the spectrum. EPR spectroscopyldf [confirms the first
oxidation to be N-based (see Supporting Information). Optical
spectra of I]* and the benzene-bridged MV monocatid?]*
measured under identical conditions are shown in FigufeThe
IVCT band for [1]" is of low energy and low intensity; the width
at half-height is ca. 4200 cri, which is broader than the bandwidth
of 3140 cn? predicted by the Hush mod# suggesting thatl]] *

is a Robin-Day Class Il systeri In the framework of the Hush
model, the electronic coupling between nitrogen redox centgrs,
may be derived from the following equatié#:

V=2.06x 10_2 (Gmax'vmax'AT/l/Z)l/z/R

whereR is the donoracceptor charge-transfer distance in A; for
[1]* this is taken to be the intramolecular crystallographic
distance. The derived values\dflong with the details of the IVCT
bands for 1]™ and P]* are listed in Table 1.

Our results reveal that the electronic coupling in the Pt-bridged

system is only slightly decreased when compared to that found for

the benzene-bridged triarylamine syste2{*[ The electronic
couplings obtained by using Koopmans’ theote(KT) are nearly

twice those derived from IVCT bands but reproduce the same trend.

The similarity between the electron-transfer processes]indnd
[2]* is additionally supported by the nature of the active orbitals
involved (see Figure 3¥ both sets of orbitals show very similar
delocalization of the triarylamine electron density onto the central
bridge.

In summary, we have shown that the electronic coupling through
an alkyne-Pt—alkyne bridge is only somewhat smaller than through
an alkyne-benzene-alkyne bridge. Thus, we may conclude that
electronic delocalization in Pialkynyl r-conjugated polymers is
not substantially decreased when compared to poly(phenyleneethy-
nylenes), and hence, the phosphorescent properties imparted to the
system by Pt* do not seem to be outweighed significantly by a
deleterious reduction in conjugation along the polymer chain.
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