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ABSTRACT: Interactions between metal centers in dimeric transition metal
complexes (TMCs) play important roles in their excited-state energetics and
pathways and, thus, affect their photophysical properties relevant to their
applications, for example, photoluminescent materials and photocatalysis. Here,
we report electronic and nuclear structural dynamics studies of two
photoexcited pyrazolate-bridged [Pt(ppy)(μ-R2pz)]2-type Pt(II) dimers (ppy
= 2-phenylpyridine, μ-R2pz = 3,5-substituted pyrazolate): [Pt(ppy)(μ-H2pz)]2
(1) and [Pt(NDI-ppy)(μ-Ph2pz)]2 (2, NDI = 1,4,5,8-naphthalenediimide),
both of which have distinct ground-state Pt−Pt distances. X-ray transient
absorption (XTA) spectroscopy at the Pt LIII-edge revealed a new d-orbital
vacancy due to the one-electron oxidation of the Pt centers in 1 and 2.
However, while a transient Pt−Pt contraction was observed in 2, such an effect
was completely absent in 1, demonstrating how the excited states of these
complexes are determined by the overlap of the Pt (dz2) orbitals, which is tuned by the steric bulk of the pyrazolate R-groups in the
3- and 5-positions. In tandem with analysis of the Pt−Pt distance structural parameter, we observed photoinduced electron transfer
in 2 featuring a covalently linked NDI acceptor on the ppy ligand. The formation and subsequent decay of the NDI radical anion
absorption signals were detected upon photoexcitation using optical transient absorption spectroscopy. The NDI radical anion
decayed on the same time scale, hundreds of picoseconds, as that of the d-orbital vacancy signal of the oxidized Pt−Pt core observed
in the XTA measurements. The data indicated an ultrafast formation of the charge-separated state and subsequent charge
recombination to the original Pt(II−II) species.

■ INTRODUCTION

Bimetallic transition metal complexes (TMCs) bridged by
heterocyclic ligands represent a class of compounds that have
shown promise as photoluminescent sensors,1,2 photocata-
lysts,3,4 and light emitters, particularly in organic light-emitting
diodes (OLEDs).5,6 Among the most interesting bimetallic
TMCs for OLED applications are those containing Pt(II)
centers due to their long-lived triplet excited states and high
photoluminescence emission quantum yields.6,7 Pt(II) dimer
complexes and their various mononuclear aggregates have
emerged as candidates for new photoluminescent materials,
with a key structural factor being the Pt−Pt interaction.8−12
Along with favorable excited-state lifetimes and luminescent
quantum efficiencies, Pt(II) dimers of the form [Pt(ppy)(μ-
R2pz)]2 [ppy = 2-phenylpyridine, μ-R2pz = 3,5-substituted
pyrazolate], with the so-called “butterfly-like” geometry,13−15

exhibit tunability of their photophysical properties, in
particular absorption and emission spectra, by changing the
steric bulk of the R-group, thus altering the Pt−Pt distance and
hence the HOMO−LUMO gap.

Square-planar monomeric Pt(II) complexes exhibit
HOMO−LUMO transitions comprising ligand-centered
(LC) and/or metal-to-ligand charge-transfer (MLCT) tran-
sitions.16 In a Pt(II) dimer or aggregate, a new electronic
transition emerges from the overlapping out-of-plane Pt(II) dz2
orbitals to higher unoccupied orbitals as the Pt−Pt distance
shortens sufficiently, as observed in the [Pt2(H2P2O5)4]

4−

(Ptpop) complexes.17−19 The interacting 5dz2 orbitals from
two adjacent Pt(II) atoms form the σ bonding and σ*
antibonding orbitals, with the latter dominating the HOMO.
The new electronic transition, denoted as a metal−metal-to-
ligand charge-transfer (MMLCT) transition, consists of
excitation from the metal−metal centered dσ*, or HOMO,
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orbital to the ppy ligand π*, or LUMO, orbital, resulting in a
transient Pt−Pt bond formation between two Pt atoms with a
nominal bond order of 0.5. The framework of [Pt(ppy)(μ-
R2pz)]2-type Pt dimers allows tunability of the Pt−Pt distance
by varying the size of the R hinge group, thus controlling the
level of interaction between the two Pt centers.15 Furthermore,
transient localization of charge on the ppy ligand20 through the
MMLCT transition offers an opportunity to decorate these
ligands with electron acceptors in order to initiate electron
transfer away from the Pt(II) dimer framework, similar to a
prior study of a monomeric Pt(II) complex by Sazanovich et
al.21

In previous studies, optical spectroscopy14,15,22 and quantum
density functional theory (DFT) calculations23−25 were used
to characterize the excited-state dynamics as a function of Pt−
Pt distance following MMLCT excitation in a series of these
Pt(II) dimer complexes. X-ray transient absorption (XTA)
spectroscopy and wide-angle X-ray scattering (WAXS) in
solution revealed a Pt−Pt contraction of 0.3−0.5 Å following
MMLCT excitation for one of the pyrazolate Pt(II) dimer
complexes.26,27 Other studies using optical transient absorp-
tion (OTA) spectroscopy and transient absorption anisotropy
spectroscopy have indirectly probed the structural dynamics by
identifying vibrational coherence in a Pt−Pt stretching mode
present in various MMLCT-presenting Pt(II) “butterfly-like”
dimers, which manifests as an oscillatory modulation in the
OTA signal.28−31

Here, we present a study of two [Pt(ppy)(μ-R2pz)]2-type
complexes (Figure 1) to establish a structural basis in the

excited state between Pt(II) dimers featuring monomer-like
LC/MLCT transitions due to sufficiently separated Pt(II)
centers and those with MMLCT transitions due to strongly
interacting metal centers. It has been asserted that [Pt(ppy)(μ-
H2pz)]2(1) would exhibit no significant structural reorganiza-
tion upon photoexcitation due to the absence of the Pt−Pt dz2
overlap, which should preclude transient bond formation;13,15

however, structure-sensitive measurements on 1 have yet to be
performed to date. Conversely, [Pt(ppy)(μ-Ph2pz)]2 would
exhibit structural reorganization as the Pt(II) centers are
sufficiently close to facilitate interaction between the Pt 5dz2
orbitals and, thus, transient bond formation upon photo-
excitation. X-ray diffraction revealed ground-state Pt−Pt
distances of 3.27 Å for 1 and 2.98 Å for [Pt(ppy)(μ-
Ph2pz)]2,

23 corresponding well with those obtained from DFT
calculations, 3.49 and 3.16 Å,13 respectively. Additionally, we
investigated the feasibility of photoinduced electron transfer
(PET) away from the Pt−Pt core by covalently linking the

electron acceptor 1,4,5,8-naphthalenediimide (NDI) to each of
the ppy ligands in the complex [Pt(NDI-ppy)(μ-Ph2Pz)]2 (2).
To capture the transient structures of these complexes, XTA

spectroscopy was employed in both the X-ray absorption near-
edge structure (XANES) and extended X-ray absorption fine
structure (EXAFS) regions to identify electronic and nuclear
structural changes at the X-ray absorbing Pt centers of 1 and 2.
For 2 in particular, the combined OTA and XTA spectroscopic
results reveal the kinetics of electronic structural change in the
presence of the electron acceptor NDI. The excited-state and
charge-separated (CS) state structural characterizations in this
study are critical in unraveling the complex excited-state
dynamics of “butterfly-like” Pt(II) dimers by providing a
concrete analysis of structural changes upon photoexcitation
for both LC/MLCT and MMLCT-presenting complexes as
well as providing a foundation for extracting charge from the
Pt(II−II) core.

■ METHODS
Materials. The Pt(II) dimers 1, [Pt(ppy)(μ-H2pz)]2, and

2, [Pt(NDI-ppy)(μ-Ph2pz)]2, were prepared by adapting
established literature procedures. The synthetic protocol for
1 was originally described by Rachford et al.,15 and the
synthetic procedure for 2 is provided in the Supporting
Information (Figures S1−S6). Inhibitor-free anhydrous
tetrahydrofuran (>99.9%) solvent was purchased from
Sigma-Aldrich and used without further purification.

Static Absorption Measurements. Steady-state UV−vis
absorption spectra were acquired using a Cary 60 spectropho-
tometer.

Optical Transient Absorption Spectroscopy. Ultrafast
OTA experiments were conducted as described in previous
publications13,32 using a commercial Ti:sapphire oscillator with
a regenerative amplifier (Spectra-Physics). The Spitfire Pro XP
regenerative amplifier, seeded with a Mai-Tai oscillator
(Spectra-Physics), was operated at 1 kHz and output a 2.9
mJ beam with a pulse duration of 100 fs at the full-width at
half-maximum and centered at 830 nm. The output beam was
split and then frequency doubled using a 2 mm-thick type I
lithium triborate crystal (θ = 90°, φ = 28°) to yield the 415 nm
pump. The other portion was focused into a sapphire window
to generate the continuum probe (450−800 nm).
The OTA signal was detected using a Helios pump−probe

spectrometer and software (Ultrafast System LLC), and pump
on/off spectra were obtained using a mechanical chopper
operating at 500 Hz. The 415 nm pump pulse had an energy of
0.6 μJ at the sample and overlapped with the probe beam at an
angle of 10°. Samples were dissolved in degassed THF and
loaded into a 2.0 mm quartz cuvette. Sample concentrations
were adjusted so that the absorbance at λmax of the MMLCT
transition was ∼0.5. A magnetic stirrer and bar were used
during data collection to prevent sample degradation under the
beam.
Chirp correction and background subtraction were done in

the commercial software Surface Xplorer (Ultrafast Systems
LLC). Chirp correction parameters were extracted from the
nonresonant solvent response at t0. Kinetics traces at selected
probe wavelengths were analyzed using a laboratory-written
Python program and fit to a sum of exponential functions
convolved with a Gaussian instrument response function
(IRF); the IRF duration is given as the full-width at half-
maximum values in the discussion below. Decay-associated
spectra (DAS) were also generated from the full data sets in

Figure 1. Structure of systems 1 and 2 (left) and the structure of the
NDI acceptor group (right).
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this custom software using the time-dependent amplitudes for
each exponential component extracted with the kinetic fitting.
X-ray Transient Absorption Spectroscopy. XTA

measurements were carried out at beamline 11-ID-D of the
Advanced Photon Source at Argonne National Laboratory as
described in previous publications.33,34 The monochromator
was a Si(111) double crystal with a resolution of ΔE/E = 10−4.
The sample was excited by 400 nm laser pulses at 10 kHz
repetition rate from the second-harmonic output of a
Ti:sapphire laser system (Coherent Lasers, Micra-5 Oscillator,
Legend Elite Duo Regenerative Amplifier). The laser beam was
focused to a 0.75 mm × 0.6 mm spot size, and the X-ray spot
size was 0.2 mm × 0.5 mm at the sample. The laser pulse
energy at the sample for 1 was set to 24.3 μJ, and the laser
power at the sample on 2 was set at 43 μJ to ensure linear
signal vs pulse energy correlation and to avoid sample
degradation. The 24-bunch mode of the APS was used with
the total current of 100 mA and inter-X-pulse separation of 153
ns. The time delay between the laser pump pulse and X-ray
probe pulse was set to nominally 100 ps, which was sufficient
for capturing the triplet MMLCT state and CS state in 1 and 2.
XTA spectra were collected in fluorescence mode using two
avalanche photodiodes, one on each side of the sample jet, at
90° angles to the incident X-ray beam. The Pt dimers were
dissolved in anhydrous THF, and, due to differing levels of
solubility, 1 was prepared at 1 mM and 2 was prepared at 0.2
mM. The samples were purged with nitrogen gas throughout
of the measurements and flowed through a liquid jet with a
stream thickness of ∼0.5 mm. Elastic scattering was attenuated

using soller slits packed with three absorption lengths of Zn. A
Pt foil was placed behind the sample jet and before an ion
chamber to measure the X-ray transmission concurrently for
energy calibration. XTA data analysis was performed using the
Athena and Artemis program packages35,36 with spline fitting
performed in the program PySpline.37 Detailed fitting
information can be found in the Supporting Information

■ RESULTS AND DISCUSSION
Static UV−vis Absorption Measurements. UV−vis

absorption spectra of 1 and 2 normalized to the lowest energy
feature are shown in Figure 2a. The spectra of both 1 and 2
have shoulders that extend past 400 nm to longer wavelengths,
with the shoulder of 2 extending further toward 500 nm than
that of 1. The feature in 1 from ∼350 nm to ∼430 nm,
including the shoulder, corresponds to the LC/MLCT
excitation.13 The spectral features in 2 from ∼320 nm to
∼395 nm are characteristic of absorption from the NDI
moiety38 (Figure S7). The broad shoulder from ∼400 nm to
∼480 nm indicates the introduction of an MMLCT transition
in 2 at a lower energy than the LC/MLCT transition in 1. This
MMLCT band is also present in an analogous Pt dimer (R =
Ph) without NDI electron acceptors13 (Figure S7). A
molecular orbital (MO) scheme showing the change from
LC/MLCT excitation to MMCLT excitation upon shortening
of the Pt−Pt distance is presented in Figure 2b.

Optical Transient Absorption Spectroscopy. The OTA
spectra of 2 are shown in Figure 3a. The OTA spectra exhibit
broad absorption throughout the visible range, with sharp

Figure 2. (a) Steady-state absorption normalized to show LC/MLCT and MMLCT features (b) corresponding MO transitions of 1 and 2.

Figure 3. Optical transient absorption of 2 (a) at various time delays (λex = 415 nm), (b) kinetic traces at λ = 470 nm and λ = 595 nm, and (c)
decay-associated spectra of τ1−4.
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peaks at 460 and 595 nm. Kinetics traces at the two prominent
OTA peaks were fit simultaneously with a multiexponential
model (Figure 3b,c), and the results of this global fitting were
used to extract the decay-associated spectra (DAS) shown in
Figure 3c. Both peaks rise with a time constant of τ1 = 0.46 ps
and then decay with time constants of τ2 = 20.1 ps and τ3 =
206 ps (Table 1). There is a long-lived component, τ4, with

about 1% of the initial absorption amplitude that persists on
time scales past the range of the experimental time window
(Figures 3c and S9).
The locations of the prominent excited-state absorption

peaks at 460 and 595 nm agree with literature values for the
NDI radical anion (NDI•−).39 This result shows that upon
excitation, the electron from the platinum σ* orbital is
transferred to an orbital centered on the NDI acceptor groups
attached to the ppy ligand. The NDI•− features appear within
the 0.56 ps instrument response, indicating a subpicosecond

localization of charge on the NDI groups. The DAS of τ1,
shown in Figure 3c, consists of negative amplitude at the
NDI•− peaks, which corresponds to formation of those
features, and is consistent with subpicosecond electron
localization on NDI. In these “butterfly-like” Pt dimer
TMCs, ISC from the 1MMLCT to 3MMLCT occurs on the
order of magnitude of hundreds of femtoseconds,29 which may
be the same time scale as electron transfer to the NDI in 2.
This suggests that there may be two competing excited-state
trajectories upon excitation into the 1MMLCT state of 2, one
that first proceeds to undergo ISC to a 3MMLCT state before
CS occurs and another that proceeds to the electron transfer
state directly from the 1MMLCT state.
The rise of the NDI•− features is followed by a 20.1 ps

lifetime corresponding to structural reorganization of the
complex to its lowest energy conformation as well as
vibrational cooling. This is evidenced by the DAS component
for τ2 (Figure 3c), which has red-shifted NDI•− features when
compared to the longer-lived τ3 component and a first-
derivative-like feature at 600 nm. These features in the τ2 DAS
indicate relaxation in orbital energy over this period. The DAS
component for τ2 also has an amplitude equal to one-third of
the total amplitude of absorption, indicating significant charge
recombination within 20.1 ps. Upon structural reorganization,
possibly rotation about the bond between the NDI and ppy to
a less planar conformation, orbital overlap between the NDI•−

and the oxidized Pt dimer moiety decreases, leading to less
favorable charge recombination. The remaining CS state
population then decays back to the ground state with a
lifetime of 206 ps. Decay back to the ground state is
substantially faster in 2 than in 1 (Figure S8), proceeding in
under 1 ns in 2 and nearly 1 μs in 1. Charge recombination at

Table 1. Lifetimes Extracted from Transient Optical and X-
ray Spectra of 1 and 2

complex 1 complex 2

method
τ1

(ps)a
τ2

(ps)b τ3
c

τ1
(ps)a

τ2
(ps)b

τ3
(ps)c τ4

d

OTA 0.38 13.8 0.75 μs 0.46 20.1 206 ≫ 3 ns
XTA − − ≫1 ns − − 520 −

aISC in 1 and formation of CS state in 2 with the XTA results limited
by the instrument response time of ∼100 ps. bStructural
reorganization in 1 and structural reorganization, vibrational cooling,
and solvation in 2. cDecay of 3LC/MLCT in 1 and CS state decay in
2. dDecay of long-lived CS in 2.

Figure 4. Ground-state XANES with excited-state difference spectra (excited minus ground) of 1 (a) and 2 (c) and XTA kinetic traces at energy of
11.561 keV of 1 (b) and 2 (d).
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this time scale has previously been observed in TMCs attached
to related rylene mono- and diimide acceptors.40−42 The
complete excited-state dynamics of 2 without NDI, [Ptppy)(μ-
Ph2pz)]2, were previously reported by Brown-Xu et al.13 and
have been reproduced in Table S2.
The ultrafast OTA difference spectra of 1 are shown in

Figure S8. The major peak at 445 nm rises well within the 0.42
ps instrument response and has a broad tail feature that
extends out to 800 nm. The decreased positive absorption
feature seen at wavelengths below 445 nm is due to the
ground-state bleaching signal. As the system relaxes, the peak
at 445 nm begins to sharpen with a time constant of τ1 = 0.38
ps, while the tail feature decays. Subsequently, a shoulder arises
at 490 nm as the sharp peak at 445 nm decays further with a
time constant of τ2 = 13.8 ps. No significant spectral changes
follow as the system decays back to the ground with a time
constant of τ3 = 0.75 μs,15 based on photoluminescence decay
measurements from Rachford et al.15 Mewes et al.29 showed
that intersystem crossing (ISC) occurs in hundreds of
femtoseconds in the analogous [Pt(ppy)(μ-tBu2pz)]2 complex.
Thus, we assign the 0.38 ps process to ISC in 1 from the 1LC/
MLCT to 3LC/MLCT state, followed by vibrational cooling
with a 13.8 ps time constant in the 3LC/MLCT state. The
long-lived 3LC/MLCT state then decays back to the ground
state with a lifetime of 0.75 μs. While the time constants from
this analysis are in agreement with our previous report on this
complex,13 the excited-state assignments have been updated to
reflect the rapid ISC observed in a related complex.29

X-ray Transient Absorption Measurements. Pt LIII-
edge (11.564 keV) XTA spectra were collected for both
complexes to ascertain changes in the local electronic
environment upon excitation with 400 nm light (Figure
4a,c). The XANES difference spectra (photoexcited − ground

state) of 1 and 2 both show a sharp positive feature at 11.561
keV, a negative feature at the white line energy of 11.565 keV
and then another positive feature at 11.567 keV. The Pt LIII-
edge transition originates from the excitation of 2p electrons
into the unoccupied 5d manifold. Upon valence photo-
excitation by 400 nm photons, the MLCT transition in 1
and MMLCT transition in 2 deplete a 5d electron.
Consequently, the positive feature at 11.561 keV emerges as
a new 2p to 5d transition into the vacated 5d orbital.
To determine the lifetime of the 5d vacancy induced by the

valence excitation, the time evolution of the difference XANES
signal at 11.561 keV was measured for 1 and 2, respectively, as
shown in Figure 4b,d. The signal for 1 persists well past the 1
ns experimental window, whereas the signal for 2 decays with a
time constant of 520 ps. Kinetic parameters extracted from
OTA and XTA results based on exponential decay functions
are tabulated in Table 1. The XTA kinetics scan for 1 (Figure
4b) shows that the Pt centers remain oxidized well beyond 1 ns
with residual signals still seen at over 600 ns delay (Figure S9),
in agreement with photoluminescence intensity decay
measurements.15 The energy of the CS state in 2, (Pt−Pt)+-
NDI−, is lower than that of the 3MMLCT state of 2 without
NDI by at least the driving force for CS. Thus, the energy gap
of the CS state in 2 with the ground state is smaller than the
3MMLCT state of 2 without NDI. Consequently, the 2 μs
lifetime of the 3MMLCT state of 2 without NDI15 is
significantly shortened in the charge recombination process,
which is consistent with numerous TMC-based electron
donor−acceptor dyads.40,41 Both the OTA and XTA show
excited-state decay in 2 on a 100s of ps time scale, considerably
faster than that of 1.

Figure 5. Ground and excited EXAFS spectra of 1 (a, b) and 2 (c, d) in k-space and R-space. R-space plots (b, d) include fits and Pt−Pt scattering
pathways. Solid blue vertical lines represent FT range (a, c) and fitting range (b, d).
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The nuclear structures of the MLCT state for 1 and the CS
state for 2 have been investigated by analyzing the EXAFS
spectra for the ground and photoexcited states of 1 and 2
shown in Figure 5. The EXAFS spectra for the photoexcited
species consist of a mixture of ground-state and excited-state
populations weighted by an excitation fraction, α. The k-space
difference spectra of 1 and 2 (Figure S11) qualitatively
illustrate the greater scattering difference between the ground
and photoexcited spectra seen in 2 as compared to 1. This is
best demonstrated at k > 4 Å−1 where the difference signal
intensity in Figure S11 is greater in 2 than 1, indicating a
higher magnitude change in geometry around the Pt atoms.
The EXAFS spectra in k and R spaces show no significant

structural differences around the Pt centers after excitation of
1, but differences are clearly visible for 2. The details of the
fitting procedure are described in the Supporting Information,
along with the structural parameters extracted from the fits for
the nearest and next-nearest neighboring atoms around each Pt
atom (Tables S3 and S4) and plots of the fits for each EXAFS
spectrum (Figures S13−S16). The Pt−Pt scattering pathways
for ground and photoexcited spectra of 1 and 2 have been
plotted in Figure 5b,d to illustrate the extracted changes in this
path upon excitation. Pt−Pt distances obtained through
EXAFS fitting, DFT calculations,13 and crystal structures23

are shown in Table 2. In the ground state, the Pt−Pt distance

in 1 was fit at 3.34 Å and remained constant upon excitation. 2
exhibits a contraction of ∼0.43 Å from 3.03 to 2.60 Å. These
results agree with previous DFT predictions13 of a negligible
bond elongation between S0 and T1 states in 1 and a
contraction of 0.43 Å between S0 and T1 states in NDI-free 2.
The novelty of these results lies in the observation of a net

oxidation of the Pt−Pt centers in both 1 and 2, while
simultaneously detecting different Pt−Pt nuclear structural
responses to the valence excitation due to the nature of the
electronic transitions. The photoinduced Pt−Pt bond for-
mation occurs in only 2 as a result of substantial steric
hindrance from pyrazolate −R groups engendering dz2 orbital
overlap in the ground state. With ∼0.3 Å Pt−Pt distance
difference between 1 and 2 in the ground state, the two
complexes possess different sets of potential energy surfaces
and traverse two different excited-state pathways. When the
Pt−Pt distance is about 3.3 Å or greater in the ground state, as
in complex 1, excitation of the LC/MLCT transition does not
induce Pt−Pt bond formation due to the lack of 5dz2 orbital
overlap. In contrast, when the Pt−Pt distance is ∼3.0 Å or
shorter in the ground state, as in complex 2, excitation of the
MMLCT transition instead drives Pt−Pt bond formation. This
is consistent with prior direct measurement of a similar

compound with a R = tert-butyl (tBu) group (Figure 1) using
XANES structural fitting,26 which showed a contraction in Pt−
Pt distance of 0.23 Å. The differing magnitude of contraction is
predicted by DFT calculations13 and is due to the shorter
ground-state Pt−Pt distance in the R = tBu complex. These
measurements are not capable of directly addressing the
distribution of the hole across the two Pt-centers in 1 and 2,
but given the excited-state Pt−Pt contraction in 2 and lack of
excited-state Pt−Pt contraction in 1, the hole is expected to be
shared between the two Pt atoms in 2 but localized on a single
Pt atom in 1.
These current results establish a boundary for the ground-

state Pt−Pt distance to enable or disable the formation of the
Pt−Pt bond in the excited state. Characterizing these effects,
both structural and electronic, of metal−metal interactions is
essential to understanding the complex excited-state dynamics
of systems, both natural and synthetic, that feature multiple
transition metal centers. Furthermore, the observation of
electron transfer to the NDI acceptor shows the potential of
the Pt(II) dimer framework as an electron donor−acceptor
system. Future studies will focus on deciphering the effects of
different nuclear parameters, such as metal−metal interaction,
donor−acceptor orientation, and vibrations, on the electron-
transfer process. Identifying key factors that modulate the rate
and efficiency of electron transfer will allow for the intelligent
design of TMCs for the purpose of solar energy utilization.

■ CONCLUSION
As a class of materials that shows great promise for use in
technologies that hinge upon light−matter interactions, such as
OLEDs and photocatalysts, it is necessary to understand the
complex structural and electronic dynamics of binuclear TMCs
upon photoexcitation. Pt(II) dimers of the form [Pt(ppy)(μ-
R2pz)]2 offer a unique structural tunability, and, thus,
understanding the interplay between structural components
and excited-state dynamics is essential for optimized
functionality. By changing the −R group from H to Ph and
thus shortening the ground-state Pt−Pt distance, we have
modulated the interaction between Pt centers in the dimer,
transitioning from a LC/MLCT to MMLCT transition,
respectively. Previous work predicted the absence of Pt−Pt
contraction upon LC/MLCT excitation13,15 and presence of
Pt−Pt contraction upon MMLCT excitation. Here, using
complementary optical and X-ray characterization, especially
EXAFS analysis, we showed no Pt−Pt contraction in 1 upon
LC/MLCT excitation, but significant Pt−Pt contraction in 2
(3.03 Å to 2.60 Å) upon MMLCT excitation. XANES
measurements on both complexes 1 and 2 show oxidation of
the Pt centers. This result is essential for understanding the
fundamental processes in play that dictate the absorptive and
emissive tunability of [Pt(ppy)(μ-R2pz)]2-type dimers. We
have also shown the effect of substitution of an electron-
acceptor group, NDI, on the ppy ligand to induce charge
migration away from the Pt dimer in 2. This addition leads to a
electron transfer away from the Pt dimer and onto NDI, shown
by the characteristic NDI radical anion absorption spectrum in
the OTA spectra. The CS state rises on the same time scale, or
faster, as ISC in the MMLCT states and decays in hundreds of
picoseconds, significantly faster than the microsecond decay in
Pt dimers without the NDI electron acceptor. This work on
charge migration in Pt(II) dimers is foundational for future
work aimed at further understanding electron transfer in these
types of complexes.

Table 2. Pt−Pt Distances Determined through EXAFS
Analysis Compared to Literature DFT13 and Crystal
Structure23 Values

complex 1 complex 2

method
S0 d(Pt−
Pt)/Å

T1 d(Pt−
Pt)/Å

S0 d(Pt−
Pt)/Å

T1 d(Pt−
Pt)/Å

EXAFS 3.34 3.34 3.03 2.60
DFT 3.49 3.50 3.16a 2.73a

crystal
structure

3.268 − 2.908a −

aStructure of a geometrically analogous Pt dimer without the NDI
group.
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