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Derivatized polymers provide a versatile platform for creating
multifunctional assemblies. This includes polypyridyl com-
plexes of Rl and O4 which have high absorptivities in the
visible based on metal-to-ligand charge transfer (MLCT)
transitions>® An early synthetic strategy for these involved
attachment to polystyrene by an ether linkage (We have
developed a new strategy based on amide linkdgé4nd find
that there is a dramatic difference between the two in their ability
to promote intrastrand energy transfer.

The amide polymer was prepared from a 1:1 styrpne-
aminomethylstyrene copolymer of polydispersity 1.5 and an
average of 16 repeat unitsThe amide link was formed by
reaction with the acid-derivatized complexes,'figb-COOH]-
(PR)2 (M = Ru, Os; b= 2,2-bipyridine (bpy), b-COOH=
4'-methyl-2,2-bipyridine-4-carboxylic acid) by using standard
amide coupling conditions (see the Supporting Informatfon).

The resulting homopolymer samples are distributions, on the

average, containing 16 complexes and abbreviated@B $-
CHNHCO-(M"16)](PFs)32 (M = Ru, Os). A mixed polymer
was prepared by sequential coupling, first to thé @smplex

in limited amount (in a ratio of 3:16 relative to available anine
sites on the polymer) with isolation and purification and then
with the RY complex in excess. This gave a polymer of
average compositiort§-PS-CHNHCO-(RU'1304'3)[(PRs)z2 (1).
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OBz-4-CHzbpy, Bz is benzyl) in acetonitrile, show that bpy is
the acceptor ligand in the lowest MLCT excited statéransient
resonance Raman measurements (Supporting Information) on
model complexes for the amide, [Rub-CONHBZz](PF). (b-
CONHBz is 4-CONHBZ-4CHsbpy), [RU'(b-CONHBz))-
(PR)2, [Ru'bs](PFe)2, and the polymer do-PS-CHNHCO-
(Ru'1¢)](PFg)32 in acetonitrile reveal that the acceptor ligand is
the bpy-amide. This is shown by the appearance of resonantly
enhanced bands for b-CONH- radical anion in the region £000
1700 cn1! at 1594, 1559 1492, 1442, 1428, 1332 1286,
1208, 1195, 1127, and 1040 ciwith 368.9 nm excitation
and scattering (the superscript “a” denotes bands which overlap
with neutral ligand bands). On the basis of structlirend

the results of molecular modelifghis means that the excited-
state dipole is aligned along the amide ligand oriented toward
the polymer backbone and nearest neighbor complexes.

In the ether-linked polymercp-PS-CHOCH,-(RU',04's)]-
(PFs)s4 (2), energy transfefrom Ru'* to OS' is favored by
0.36 eV and occurs rapidly with> 2 x 10 s™1 (r < 5ns) in
acetonitrile solution at room temperature. Howevamnergy
migration by Ru'* to Ru' self-exchange is slowr(> 1 us, k
<1x10FshHha

In mixed polymerl, there is evidence for both facile energy
transferand migration in deaerated acetonitrile at room tem-
perature. This is shown in the emission spectra in Figure 1.
These spectra demonstrate that excitation at 460 nm, whére Ru
is the dominant light absorber (Figure 2), results in nearly
complete R{* quenching compared toc-PS-CHNHCO-
(Ru'19)](PFg)32 (3). There is clear evidence for emission from
0O4'* as shown by comparison witle§-PS-CHNHCO-(0s56)]-
(PFs)s2 (4). Emission quantum yields f@ and4 are ¢gry =
5.0 x 102 andg¢ogdr = 4.6 x 10733 The efficiency of R#*
to Od' energy transfer isjen = 0.94 4= 0.08 in acetonitrile
solution at room temperature with 420 nm excitation, 0.98 with
460 nm excitation, and 0.92 with 500 nm excitation. These
values were calculated by using eq Bos and Ary are the
absorbances of ®sand R at the excitation wavelength and
Iruos @and g, the integrated emission intensities fband 3.57
In solutions containing comparable concentrations of homopoly-
mers3 and4, there is no evidence for Rtiquenching.

g = osly
en ARu
Time-dependent emission and absorption measurements
reveal that net energy transfer is rapid with"®sompletely

formed during the laser pulse of the apparatus used (5 ns).
Emission decay at 800 nm, where'®ds the sole emitter,

IRuO

@)

IRu

The derivatized polymers were purified and characterized by occurs witht = 65 ns k= 1.54 x 10" s1), the lifetime obtained

1H NMR, IR, UV—vis, and electrochemical measurements, as
described previousl$* For example, for mixed polymet,
waves for the R and 04" couples appear at 1.30 and 0.87
V vs SCE in CHCN 0.1 M in [N(n-C4Hg)4](PFs) having the
expected relative peak currents of 13:3.

for Od'* in homopolymer4.2 The decay of the small amount
of residual Rt* emission (<2%), monitored at 600 nm where
only RU'* emits, is nonexponentidl.

On the basis of the results of molecular modeling calculations,
these polymers have extended spatial structures dominated by

Transient resonance Raman measurements on an ether-linkeghe |arge (14 A diameter) metal complex dicatiofisFor the

model complex, [Ribb-CH,0Bz](PF), (b-CH,0Bz is 4-CH-
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Figure 1. Emission spectra otp-PS-CHNHCO-(RU'1309'3)](PFs)32
(_), [CO—PS-CHNHCO-(RLJI]_G)](PFG)gz (“'), and pO—PS-CHNHCO-
(05'19)](PFs)32 (- - -) (460 nm excitation) in deaerated acetonitrile at
room temperature. Emission profiles for the'"Rand O4 homopoly-
mers have been scaled to their relative emission quantum yields.
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Figure 2. Absorption spectra oftp-PS-CHNHCO-(RU'1309'3)](PF)32

(—), and a mixture of §o-PS-CHNHCO-(RU'1¢)](PFs)s2 and [co-PS-

CH;NHCO-(0¢16)](PFs)s2 in molar ratio 13:3 (~), in CH;CN at room

Communications to the Editor

actual energy transfer stekj (n eq 2) for whichAG® = —0.36
eV. On the basis of our resultg,> 2 x 10° s7* for both
migration and transfer.

migration is slow withk; < 1 x 10f s~1.4 This is a dramatic
difference apparently caused by the difference in orientation of
the excited-state dipole. The excited-state resonance Raman
results show that the dipole is oriented away from the backbone
in 2 and toward the backbone in amide-linked polyrbherThe
mechanism of energy transfer may be through spaces{én
or through bond (Dexter), or a combination of the two. In either
case, orientation toward the backbone decreases the distance to
adjacent chromophones enhancing the rate of energy transfer.
The resulting enhancement knof >200 provides a dramatic
example of the use of substituent effects to control supramo-
lecular dynamics.

The amide-linked polymers are polychromophoric arrays and
intense visible light absorbers with= 214 000 L cnr! mol~2
per average strand at the absorption maximum of 458 nm for
1. Intrastrand energy transfer is highly efficient with energy
migration ¢ < 5 ns) occurring>200 times faster than excited-
state decayryy = 910 ns)? This opens the possibility of using
suitably derivatized polymers as visible light collectors and
antenna for sensitizing photoinduced electron transfer, as occurs
in the photosynthetic apparatus of green plahts.
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Supporting Information Available: Descriptions of the syntheses
of the mixed metallopolymer and transient resonance Raman measure-
ments (2 pages). See any current masthead page for ordering and

temperature. The two spectra are nearly completely overlapped. Thelnternet access instructions.

spectra of the separate 'R(+--) and O¢ (- - -) homopolymers at a
13:3 ratio are also shown.

non-nearest neighbors is21 A. On the basis of the loading
statistics~'/, of the RY sites on the backbone are not adjacent
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