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Abstract

This study probes femto- and picosecond excited-state dynamics of a series of N-heterocyclic
carbene (NHC) ligand-containing platinum(II) complexes of the type trans-(NHC):Pt!'(CC-Ar),,
where CC-Ar is an aryl acetylide. By using femtosecond transient absorption spectroscopy, two
dynamic processes are observed: an ultrafast singlet — triplet intersystem crossing (< 0.3 ps),
followed by geometric/electronic relaxation that takes place on a 2 — 10 ps timescale. The
geometric/electronic relaxation is attributed to ligand torsional modes, mainly arising from
twisting of the aryl units relative to the square planar PtLs unit. The dynamics of this relaxation
process depend somewhat on steric constraints induced by substituent groups attached to the
(benzi)imidazole and phenyl ligands. The geometric relaxation dynamics slow with increasing
solvent viscosity. The experimental studies also reveal that the different conformers can be
photoselected by varying the excitation at different near-UV wavelengths. To corroborate the
experimental findings, density functional theory calculations (DFT) were conducted to probe the

effects of geometry and steric hindrance on the ground state energy surface. The calculations



suggest that the barrier for torsion of the -CC-Ar units increases as N-substituents on the NHC
ligands increase in order -CH3 < -cyclohexyl < -n-butyl, and as the CC-Ar units are substituted in
the 3,5-positions with zert-butyl groups.
Introduction

Owing to their potential applications in organic light-emitting devices (OLED), N-
heterocyclic carbene (NHC) based platinum(II) complexes have been the subject of intense
research in the last decade.!"!* These complexes display high phosphorescence emission efficiency
in the blue and violet regions that is made possible by strong Pt(Il)-induced spin-orbit coupling
and strong o-donating NHC ligands. Recently, our group has explored the optical properties of a
series of trans-platinum(Il) acetylide complexes featuring NHCs in both solution and solid state.!®
1417 One feature that has emerged from this work is that the phosphorescence spectra of the
complexes are influenced by emission from different conformers that are able to interconvert in
fluid solution, but not in solid matrices at low temperature.'> ' Computational results indicate that
in the ground-state torsional motion of the phenyl acetylide ligands is accompanied by a low
energy barrier, and therefore they are essentially freely rotating in solution at room temperature.!®
This means that in the ground state, the energy difference between the twisted (T) and planar (P)
conformations is small (Chart 1). In contrast, in the triplet excited state, the planar conformer is 10
kcal-mol™! or more lower in energy compared to the twisted conformer. The energy barrier in the
triplet excited state for the torsion of both phenyl rings out of the plane relative to PtCy is higher
than 15 kcal mol. Thus, in the triplet state, one of the phenyl rings adopts the planar conformation,
while the energy barrier for torsion of the other phenyl unit remains relatively low.!> The T and P
triplet-state conformers have different emission energies and spectra, and their ability to

interconvert at low temperature in glassy solvents is inhibited by the rigidochromic effect.!*-2



Chart 1. Schematic showing structures of conformers of Pt-acetylide complexes. The blue
square represents the square planar Pt complex and the yellow hexagons the phenyl acetylide
units.

Twisted Planar

Understanding the excited state properties of these platinum-based triplet emitters is
essential for their potential application in molecular optoelectronics.?! The dynamics of the excited
states in such systems play a vital role in controlling their optical properties.?? In this context, in
the present manuscript we report the application of ultrafast transient absorption spectroscopy to
investigate the excited state relaxation dynamics that occur in trans-NHC Pt(II) acetylides. The
compounds studied in this research are illustrated in Scheme 1.!% %15 The overall objective of the
present work is to understand the effects of sterics, solvent viscosity, and rigid media on the
dynamics of conformational relaxation in the triplet excited states of these Pt(II) complexes. The
results find that the fert-butyl substituents on the phenylene rings and n-butyl groups on the carbene
ligands restrict the motion of the acetylide ligands, and this has an influence on the ultrafast
dynamics. The effect of excitation wavelength in selective excitation of different populations of
conformers is also explored. By changing the excitation wavelength, it is possible to photoselect

different conformers, which gives rise to differences in excited state dynamics.



oo O

[ B e IPtP IPtP-2
Q J\ IPtP-tBu

N N

\—/

L:i:L L:@

/\/\N’ ‘N’\/\ BiPtP

@ BiPtP-tBu

Scheme 1. Structure of frans-platinum(II) acetylides featuring N-heterocyclic carbenes.

Results

Structures, Synthesis and Characterization. The study examined a matrix of four
complexes that feature the general structure trans-(NHC),Pt(CC-Ar),. The NHC ligands used
include a bis-cyclohexyl-substituted imidazole (Im) and bis-zn-butyl substituted benzimidazole
(Bim), while the aryl acetylide ligands include phenyl acetylene and bis-(zert-butyl)phenyl
acetylene. The imidazole ligands were varied to examine the effect of the alkyl substituents and
extended conjugation on the photophysics. The tert-butyl substituents were added to provide steric
bulk on the phenyl acetylene units which was expected to influence their torsional dynamics.

Synthesis details for the tert-butyl substituted compounds, IPtP-/Bu and BiPtP-/Bu, are in the
Supporting Information. The synthesis and characterization of the two other complexes (IPtP,

BiPtP and IPtP-2) was reported previously.!% 1415 Structures of the complexes were confirmed by



'"H NMR, "*C NMR, and high-resolution mass spectrometry (see Supporting Information). The

trans geometry of IPtP-/Bu and BiPtP-fBu was confirmed by X-ray crystallography (Figure 1).

IPtP-tBu BiPtP-tBu

Figure 1. Crystal structures of complexes IPtP-rBu and BiPtP-/Bu, with ellipsoids shown at the
50% probability level. Platinum atoms are shown in pink, nitrogen atoms are shown in blue and
carbon atoms are shown in gray. Carbon-bound hydrogen atoms and solvent molecules are omitted
for clarity.

The platinum atom sits on the inversion center of BiPtP-Bu, while the crystal structure of
IPtP-fBu is not symmetric. BiPtP-/Bu features a Pt-carbene distance of 2.023(4) A and the Pt-
carbene distances of IPtP-/Bu are 2.013(6) A (Pt1-C1) and 2.010(6) A (Pt1-C16). These Pt-carbene
distances are similar to those of previously reported trans-NHC Pt(Il) acetylide complexes.'® 1
The plane defined by the platinum atom and four carbon atoms connected to it is referred as the
PtCs plane. For IPtP-fBu, the dihedral angles between the phenyl rings and the PtCs4 plane are
85.561(4)° for Phenyll and 69.077(4)° for Phenyl2. The dihedral angle between the phenyl ring
and PtC4 plane of BiPtP-7Bu is 36.062(2)°, which is smaller than those of IPtP-rBu. The two

carbene ligands of IPtP-rBu feature two different dihedral angles, N2-C1-N1 vs PtCs is



83.138(219)° and N4-C16-N3 vs PtCs is 64.830(191)°. The dihedral angle between the carbene
ligand and PtCs4 of BiPtP-/Bu is 78.403(169)°.

Photophysical Properties. The UV-visible absorption and photoluminescence emission
spectra of the complexes at room temperature are shown in Figure 2 and Figure S9 (Supporting
Information). A summary of photophysical properties of the frans-NHC platinum acetylate
complexes is given in Table 1. In general, the absorption of trans-NHC Pt(Il) acetylides exhibit a
strong electronic transition (¢ > 3 x 10* M! cm™) in the near UV-region (Figure 2a). Based on the
previous reports on trans-NHC Pt(II) acetylides, we attribute the strong absorption to a m-m*
transition, where the frontier orbitals of these complexes are located primarily on the phenyl
acetylide ligands and Pt metal center.!” This assignment is supported by time-dependent density
functional theory (TD-DFT) calculations carried out on IPtP (see supporting information). In
particular, the strong near-UV transition is associated with a transition between orbitals with
7 and 7+ character (HOMO) — (LUMO + 2) (see Table S3 and Figs. S13 and S14). The trans-
NHC platinum acetylate complexes bearing Bim ligands exhibit larger molar absorptivity
compared to the Im analogues, due to the expanded n-system in the benzimidazole ring.!>2? The
complexes containing tert-butyl groups (—#Bu) on the phenyl acetylide ligands showed a slight
decrease in long-wavelength absorption band (around 310-340 nm) compared to the unsubstituted
phenyl acetylide platinum complexes. This slight spectral difference for the complexes containing
—tBu ligands has been noted in other Pt(II) acetylide complexes had ascribed to a greater proportion
of the twisted (Chart 1) conformers.?*

The phosphorescence emission was measured in nitrogen bubble degassed THF at room
temperature. All platinum (II) complexes featured a strong phosphorescence emission with a

maximum in the range of 438 - 448 nm with a characteristic shoulder on the long wavelength side



(Figure 2b). The emission maxima of IPtP-/Bu and BiPtP-7Bu are bathochromically shifted 4 and
7 nm relative to IPtP and BiPtP, respectively. The long wavelength emission shoulders arise from
vibrational coupling, and they notably become broader and more intense for IPtP-/Bu and BiPtP-
Bu.!® This effect may be due to due to emission from multiple unrelaxed excited state conformers.
Compared to IPtP and BiPtP, -fBu-containing complexes display noticeably smaller
phosphorescence quantum yields and longer lifetimes (Table 1). The smaller ®p, and longer Tpn

observed for IPtP-rBu and BiPtP-/Bu are the result of a lower radiative decay rate compared to the

unsubstituted phenyl analogs.
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Figure 2. Electronic absorption (solid lines) and normalized phosphorescence emission (dashed
lines) of (a) IPtP, IPtP-rBu, and (b) BiPtP and BiPtP-/Bu in THF at room temperature, Aex=330

nm.



Table 1. Photophysical Properties of the Pt-complexes.

Xmax(abs)d I Xmax(em)f Tphh k, Ko Eem
Compound Dpp8 i s

(m)  (Mem?)  (nm) (us) (10°s)  (10°s")  (eV)
IPtP* 279 33000 444 0.03 1.7 1.8 5.7 2.79
[PtP-/Bu 279 35000 448 0.02 2.5 0.93 3.9 2.77
BiPtP? 289 46 000 438 0.08 1.8 4.4 5.1 2.83
BiPtP-rBu 289 48 000 445 0.04 4.5 0.92 2.1 2.79

[PtP-2¢ 357 83 000 531 0.54 575 - - -

aRef. 1, PRef. %, °Ref. 1. 4° Measured in THF. 'Measured in nitrogen bubble degassed THF. ¢ Measured in nitrogen
bubble degassed THF with respect to Ru(bpy)sClz (® = 0.038) in aerated D.I. water. "Measured by TCSPC in bubble
degassed THF solution.

Transient Absorption Spectroscopy. Femtosecond transient absorption measurements for
IPtP, IPtP-rBu, BiPtP, and BiPtP-/Bu in THF were carried out and are shown in Figure 3. Overall,
promptly after 330 nm laser pulse excitation, a broad transient absorption band is observed with a
shoulder around 500 - 550 nm and a maximum at 600 - 650 nm. For the Im complexes (Fig. 3a,b),
this feature narrows down and increases in amplitude with a slight red-shift until roughly 30 ps.
On the other hand, transient absorption spectra for Bim complexes (Fig. 3¢,d) showed a more
intense short wavelength shoulder, which increases in intensity with delay time in concert with the
long-wavelength band at ~620 nm. Note that in general, the transient absorption amplitude at ~525
nm is more intense for -fBu substituted complexes containing groups. The transient absorption
dynamics (Figure S10) were monitored for each complex at the maximum wavelength and fitted
using multi-exponential functions. All complexes feature rising amplitude signals with ultrafast
(t1 = 0.2 - 0.3 ps) and fast (12 = 4 - 18 ps) components (Table 2). Note that the fast growth time
constant 12 is generally larger for the Bim complexes, indicating a slower process. Another
important observation concerns the relative amplitudes of the 12 component. In particular, it is

evident that the relative amplitude for this component is larger for the Bim complexes, and



generally smaller for the -fBu substituted complexes. Global analysis of the kinetics (see
Supporting Information, Figure S11) reveals that the multiwavelength dynamics for all the
complexes can be fit with two time constants, and the values are in agreement with the values
present in Table 2.

In view of the general trends seen and previous work, it is likely that the ultrafast component

(t1) can be attributed to singlet-triplet intersystem crossing (kisc =~ 4 x 10'? s!), while the fast

component (12) is due to conformational relaxations associated with the twisting of the phenyl
acetylide ligands and/or carbene ligands in the triplet excited state. Note that the ultrafast
intersystem crossing (ISC) rate is consistent with previously reported ISC rates for other platinum

(IT) complexes.
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Figure 3. Ultrafast transient absorption spectra at various time delay for (a) IPtP, (b) IPtP-fBu, (c)
BiPtP and (d) BiPtP-/Bu in THF after excitation at 330 nm.



Table 2. Ultrafast transient absorption dynamics in THF 2

Compound T1/ps T2/ ps
IPtP 0.27+0.02 (0.85) 4.2+0.4 (0.15)
[PtP-/Bu 0.28+0.02 (0.94) 4.6+0.7 (0.06)
BiPtP 0.26+0.02 (0.56) 17.840.3 (0.43)
BiPtP-7Bu 0.22+0.03 (0.74) 11.240.3 (0.26)

® Monitored at TA band maximum, 600 — 620 nm. Numbers in parenthesis are the normalized amplitudes of lifetime
components. Inf= lifetime is too long to determine.

To obtain further insight into the motion of ligands during the excited state relaxation process,
the TA dynamics for IPtP were measured in solvents of varying viscosity and in a poly(methyl
methacrylate (PMMA) glass matrix. Tetraethylene glycol dimethyl ether (TEGDME) was chosen
as solvent due to its high viscosity (3.335 mPa-s) compared to THF (0.481 mPa-s). -2 By varying
the ratio between THF and TEGDME the bulk solvent viscosity is varied and the corresponding
dynamics of IPtP were collected, and the components associated to the triplet conformation
relaxation are given in Table S1. Interestingly it is seen that the fast component (12) becomes
longer with increase in solvent viscosity up to THF/TEGDME (1:2) (Figure S12). This trend is
consistent with assignment of this dynamic component to geometrical relaxation on the triplet
excited state potential surface.

poly(Methyl methacrylate) (PMMA) glass monoliths that contain the frans-NHC platinum
(IT) acetylide complexes were prepared by in situ polymerization of methyl methacrylate and
azoisobutyronitrile as described previously.? The transient absorption spectra of IPtP and BiPtP
in these PMMA monoliths are shown in Figure 4. Interestingly, the spectra are quite similar to
those for the same complexes in fluid solution, but the TA band maxima are slightly red-shifted

and stimulated emission is observed below 500 nm. The time constants associated to the
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conformation relaxation for IPtP and BiPtP in PMMA glass matrix were 12 = 3.5 ps and 12 = 10.0
ps, respectively.
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Figure 4. (a) Transient absorption spectra at various time delays of PMMA monolith doped with
(a) IPtP and (b) BiPtP after excitation at 330 nm. Inset: kinetic trace at 620 nm for IPtP and 610
nm for BiPtP.

In a previous report we demonstrated photoselection of phosphorescence emission from non-
equilibrating conformers of IPtP in a frozen solvent glass.!®> Specifically, by exciting IPtP at short
wavelength (278 nm), the phosphorescence emission spectrum was dominated by a progression
with a high energy 0-0 band (417 nm). On the on the other hand, with excitation at longer
wavelength (340 nm), the 0-0 emission band is shifted to a longer wavelength (439 nm). Thus, the
conformers have different absorption spectra, and it is possible to selectively excite them. In order
to explore this conformer photoselectivity and its effect on the conformational relaxation
dynamics, we planned to study the effect of excitation wavelength on ultrafast transient absorption
of IPtP. However, due to the limitation of the transient absorption system which cannot access the
deep UV excitation below 300 nm, we decided to carry out excitation wavelength dependence

measurements with IPtP-2, which has a red-shifted absorption compared to IPtP. The absorption
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and emission spectra of this complex are given in Supporting Information. The selected excitation
wavelengths used for the TA experiments with [PtP-2 were 330 nm and 370 nm.

Figure 5a shows the transient absorption spectra at different time delays for IPtP-2 in THF
after 330 nm excitation. At early time delay of 1 ps, the transient absorption band is broad with a
maximum at 565 nm and a shoulder at 515 nm. With increasing delay time (1- 5 ps), the shoulder
decays, and on a longer time scale an increase of a red-shifted band at 590 nm. This process can
be assigned to ISC and the triplet relaxation as observed for IPtP. The overall dynamics (Figure
5¢) of IPtP-2 at 600 nm were fitted with two components 11 = 1.48 ps and 12 = 12.4 ps. The transient
absorption spectra for 370 nm excitation (Figure 5b) at the early time (1 ps) is similar to that of
330 nm excitation. However, the growth observed at 590 nm much less prominent in this case, and
the dynamics could be fitted with one component with t=1.11 ps (Figure 5d). These results show
quite clearly that the excitation wavelength has an influence on the spectral dynamics in IPtP-2;
notably the amplitude of the slower phase, which is ascribed to conformational relaxation, is
enhanced with the shorter wavelength excitation. This is consistent with the notion that short
wavelength excitation photoselects conformers that are geometrically more distorted relative to
the most stable triplet conformation, and thus greater spectral changes are seen during the

relaxation phase following photoexcitation.

12
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Figure 5. Transient absorption spectra at various time delays for IPtP-2 in THF after excitation at
(a) 330 nm and (b) 370 nm. Kinetics trace monitored at 520 nm and 600 nm for IPtP-2 in THF
after excitation at (¢) 330 nm and (d) 370 nm.

Computational Investigations. We previously reported a study that applied density
functional theory (DFT) calculations to explore the effect of conformation on the energy of the
ground and triplet excited states of IPtP (except the alkyl groups on the NHC ligand were -CH3).!3
These calculations give several important conclusions. 1) In the ground state the energy barrier to
torsion of the phenyl rings is low (~ 1 kcal-mol ™). 2) In the triplet state, one of the phenyl units is
strongly constrained to remain in the planar (P) conformation with respect to the PtCs4 plane (Chart
1), with a barrier to twisting as high as 17 kcal-mol!, This result was interpreted as indicating that

the triplet excitation is localized strongly on a single -CC-Ph ligand that is conjugated with the
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Pt(Il) center, and the metal-ligand interaction is optimal with when the -CC-Ph ligand is in the P
conformation.

In the current work we have expanded the DFT calculations with the aim to elucidate the
effects of sterics on the energy of different torsional conformers. For expediency, these
calculations were carried out on the ground state, with the assumption that the steric effects would
carry over to the excited states. Detailed computational methods are given in the Experimental
Section. In order to simplify the first series of calculations, the IPtP structure was used with the
N-cyclohexyl groups on the NHC ligands replaced with methyl (-CH3) groups. At the start the
dihedral angles between the planes of the two phenyl rings and the plane defined by PtCs (PtCs
plane) were set to 6 = 30° and ¢ = -30° (refer to Figure 6b) based on the calculated minimum
ground state energy reported previously.'> In addition, the dihedral angle between the imidazole
rings and PtC4 plane N1-C1-Pt1-C8 and N4-C14-Pt1-C19 were initially constrained to 90° and -
90° (refer to Figure 6a). Then a scan was carried out while constraining one of the phenyl rings (¢
= -30°) and conducting a relaxed torsional scan on the other phenyl ring (6 = 30 — 200°, see Fig.
6a,b). After the scan over 0, the imidazole dihedral angle (N1-C1-C14-N4) was incremented down
from 90° and new relaxed torsional scans were performed. This cycle was repeated until the
imidazole dihedral reached 70°, and the resulting energies were used to construct the potential
energy surface (PES) as a function of the phenyl ring torsional scan (0) and the imidazole dihedral
angle (Figure 6c¢).

Several features are apparent in these results. First, consistent with the findings reported
previously, the PES is shallow with the energy difference between the global minimum and
maximum conformers < 1 kcal-mol"!. Second, the energy is maximum when 0 is approximately

70° and decreases to a minimum when 0 = 170°. These structures correspond approximately to the
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twisted (T) and planar (P) phenyl conformers, respectively. Finally, decreasing the dihedral angle
between the two imidazole rings leads to an increase in the energy barrier for phenyl torsion. This
latter effect is not surprising and is likely due to increased steric interactions between the N-alkyl

groups on the NHC ligands and the phenyl group.
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Figure 6. (a) Simplified structure of the trans-NHC Pt(II) acetylide showing the angle 6 where the
relaxed torsional scan was applied, (b) Side view of the simplified structure showing the angles 6
and ¢ and (c) Surface of the variation of energy barrier vs. the phenylene ring torsional scan vs the

imidazole rings angle.

Based on the results from Figure 5a, we carried out the torsional scans for trans-NHC Pt(1I)
complexes with N-cyclohexyl or N-butyl substituents on the NHC ligands, or bis-3,5--Butyl
substituents CC-phenyl ligands (see Fig. 7 for the structures used for each torsional scan). In these
calculations, the NHC angles were constrained to 80° and relaxed torsional scans of one phenyl
unit () were conducted according to the same approach described above. As we can see in Figure
7a the torsional energy barrier increases as N-substituents on the imidazole ligands vary in the

order -CH3 < -cyclohexyl < -butyl. Similarly, the torsional barrier increases when #-Bu groups are
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on the phenyl rings (Figure 7b). Taken together, the calculations show that in the ground state, the
energetically more stable conformation is where the phenyls are in plane with PtC4 (P conformer,
Chart 1). However, the energetic cost for twisting is comparatively low, but it does increase as the

steric bulk of the substituents on the imidazole and phenyls increases.
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General Discussion. As noted in the introduction, in previous work on Pt-acetylide

chromophores we have observed spectroscopic data that reveal the presence of different excited

state conformers.!> '® The evidence points to involvement of torsional modes associated with

twisting of the phenyl acetylide groups relative to the plane defined by the square planar PtL4



moiety. The goal of the study reported in this paper was to apply ultrafast transient absorption
spectroscopy to probe the dynamics of conformational relaxation following photoexcitation of
complexes of the type (NHC),Pt(CC-Ar),.

The ultrafast transient absorption results presented above (Fig. 3) demonstrate that in the
excited-state these complexes feature two distinct dynamic processes that occur in the 200 fs — 20
ps timescale. One has a time constant t; ~ 250 fs and it is attributed to S; — T1 ISC. The second
(t2) is a slower component that occurs on the 4 — 18 ps timescale, that we attribute to being mainly

due to conformational relaxation on the T energy surface (refer to Scheme 2). Given the results
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Scheme 2. Qualitative energy diagram illustrating relaxation dynamics.
presented and discussed above it is reasonable to attribute this slower dynamic process to torsional
motion of the phenyl units in the acetylide ligands. Several lines of reasoning lead to this
conclusion. First, the relative amplitude of the 12 component is smaller for the #-Bu substituted

complexes IPtP-/Bu and BiPtP-/Bu compared to their unsubstituted congeners (Table 2). The
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reason for this is hypothesized to be due to the fact that for the -Bu complexes the steric
interactions give rise to a greater proportion of molecules in the P conformation in the ground state
(Fig. 7b). Therefore, upon photoexcitation, more molecules will already be in the favored P
conformation upon photoexcitation Ti, therefore fewer will undergo conformational relaxation.
Second, it is found that the transient absorption spectra and dynamics for IPtP-2 exhibit a
pronounced excitation wavelength dependence. Specifically, with longer wavelength excitation
there is less spectral shift in the transient absorption with time, and the amplitude of the
component is substantially smaller. This is attributed to longer excitation wavelength
photoselection of a sub-set of molecules that are in ground state conformations that are more
closely aligned with the energetically-preferred P excited state conformation. While we associate
the slower relaxation as being due to phenyl torsion, it is important to point out that there are other
relaxation channels that may also contribute to the spectral dynamics occurring in the 5 — 20 ps
timescale. These could include relaxation of hot vibrational states, relaxation of other torsional or
other low frequency modes, as well as solvent relaxation dynamics.*°

The solvent viscosity-dependent transient absorption experiments (THF/TEGDME mixtures)
also support the hypothesis that the 1o component arises from a conformation change in T (Table
S1, Fig. S11). In particular, as the fraction of the TEGDME increases, we observe a clear increase

3133 that torsional

in the lifetime of the t2 component. It is well-established in the literature
dynamics in molecular chromophores slow with increasing solvent viscosity due to viscous
friction. The timescale of the T2 component that we attribute to phenyl torsion is in a same range
and varies by a similar amount with viscosity compared to excited state torsional motion of trans-

stilbene and biphenyls.3+37
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Finally, we were confused by the results in the PMMA matrix where the dynamics of the 12
phase are seemingly unaffected by the glassy environment. In this case we hypothesize that the
relaxation is associated with molecules that are in polymer environments where there is sufficient
free volume to allow the rotation of the phenyl to proceed with the same dynamics as observed in
fluid solution. Similar observations have been made with molecular rotors in constrained
environments such as polymers and in porous solid materials.’®4° In essence, the phenyl units are
likely able to freely rotate in polymer environments where the free volume is sufficient to allow
unconstrained molecular rotor type motion to occur.

Summary and Conclusions

In this work, we have presented a direct observation of phenyl rings relaxation dynamics
from a twisted to a planar conformation of excited N-heterocyclic carbenes based platinum (II)
complexes. The effect of side groups attached to the (benzi)imidazole and phenyl ligands have
been studied by ultrafast transient absorption spectroscopy and computational methods. The NHC
Pt(IT) complexes featured a ultrafast rising component (t;1 = 0.2 - 0.3 ps) apart with slower
component. While the first one was attributed to S1 — T ISC, the second component with decay
constant =~ 4 — 18 ps was assigned to the torsional motion of the phenyl ring. Our computational
analysis showed that the energy barrier for the torsional motion of one phenyl ring increases with
the steric bulk of ligand substituent groups and matched our experimental observation. We also
showed by excitation at different wavelengths it is possible to selectively excite distinct

conformers leading to changes in the dynamics associated with the conformational relaxation.

Experimental
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Synthesis and structure. Details on the synthesis and structural characterization of IPtP-/Bu
and BiPtP-rBu are given in the Supporting Information.

Photophysical Measurements. UV-visible absorption spectra were obtained on a Shimadzu
UV-1800 dual beam spectrophotometer. Steady state photoluminescence measurements were
performed on an F1000 Edinburg spectrophotometer. Phosphorescence lifetime measurements
were accomplished with a PicoQuant FluoTime 300 Fluorescence Lifetime Spectrophotometer by
time-correlated single photon counting (TCSPC) technique (PicoQuant Time Harp module). In
this system, a Ti:Saphire Coherent Chameleon Ultra laser was used as excitation source. The
Chameleon laser provides pulses of 80 MHz that can be tuned from 680-1080 nm. The 80 MHz
pulse train was sampled using a Coherent Model 9200 pulse picker to provide excitation pulses at
an acceptable repetition rate and was frequency doubled using a Coherent second harmonic
generator. An excitation wavelength of 330 nm was chosen for all samples. Femtosecond time-
resolved transient absorption spectroscopy (fs-TA) measurements were performed using a
broadband (350-1600 nm) pump-probe femtosecond transient absorption spectrometer HELIOS,
Ultrafast Systems equipped with visible detector. An amplified femtosecond Ti:sapphire laser
system (Astrella, Coherent, Inc.) displaying at 800nm with pulse width 100 fs and 1 kHz repetition
rate coupled with an optical paramagnetic amplifier (Coherent) was used for pulse pump
generation. Probe light in the visible and near-infrared was generated by passing a small portion
of the 800 nm light from Ti:sapphire laser through a computerized optical delay and focusing in a
sapphire plate to generate white-light continuum (VIS). The sample solutions were constantly
stirred to avoid photodegradation. Theoretical calculations on NHC Pt(I) acetylides were

performed using DFT in Gaussian 16, using the B3LYP functionality with the SDD basis set.
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Pump-probe femtosecond transient absorption spectroscopy was used to study the excited-state
dynamics of a series of N-heterocyclic carbene (NHC) ligand-containing platinum(II) complexes
of the type trans-(NHC),Pt''(CC-Ar),, where CC-Ar is an aryl acetylide. An ultrafast singlet —
triplet intersystem crossing, followed by a slower geometric/electronic relaxation were observed.
The geometric/electronic relaxation is attributed to ligand torsional modes, mainly arising from
twisting of the aryl units relative to the square planar PtL4 unit.
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